
W094/00943 
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4. A radio transceiver, comprising: 

A) a transmitter, comprising: 
i) a Nyquist filter; 

PCT /US92/05317 

il) differential encoder means coupled to the 

5 Nyquist filter for filtering an input information signal to 
cause selective rotation of a phase value of a modulated 
signal by a predetermined amount; and 

iii) frequency modulator means operably 
coupled to the differential encoder means for outputting 

1 o the modulated signal; and 
B) a receiver, which receiver does not have a 

Nyquist filter, for receiving and properly demodulating 

both: 
i) a constant envelope signal occupying a 

15 first spectral bandwidth; and 
ii) a non~constant envelope signal occupying a 

second spectral bandwidth, wherein the first spectral 
bandwidth is different from the second spectral 
bandwidth. 
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5. A radio communication system, comprising: 
A) a first plurality of transceivers, each 

transceiver comprising: 

i) a transmitter, comprising at least a 
5 Nyquist filter and transmitting a constant envelope 

signal occupying a first spectral bandwidth; 

ii) receiver means, which receiver means 
does not have a Nyquist filter, for receiving and properly 
demodulating both: 

1 O a) a constant envelope signal occupying 

the first spectral bandwidth; and 

b) a non-constant envelope signal 

occupying a second spectral bandwidth, which 

second spectral bandwidth is different than the 

15 first spectral bandwidth; 

B) a second plurality of transceivers, each· 

comprising: 

1r a transmitter, comprising at !east a 
Nyquist filter and transmitting a non-constant envelope 

20 signal occupying the second spectral bandwidth; and 

ii) receiver means, which receiver means 
does not have a Nyquist filter, for receiving and properly 

demodulating both: 
a) a constant envelope signal occupying 

25 the first spectral bandwidth; and 
b) a non-constant envelope signal 

occupying the second spectral bandwidth; 

such that- transceivers from the first plurality of 

transceivers can compatibly communicate with 

30 transceivers from the second plurality of transceivers. 
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5 MULTIPLE-MODULATION COMMUNICATION SYSTEM 

Field of the Invention 

10 This invention relates to radio frequency signals, including but 

15 

not limited to transmission and reception of amplitude modulated 

(AM) and frequency modulated (FM) signals. 

Background of the Invention 

A radio communication system permits transmission of 
information between a transmitter and a receiver. A radio 

frequency (RF) channel permits transmission of information 

2J between the transmitter and the receiver. By combining the 

information with an RF electromagnetic wave of a particular 
frequency, i.e., modulating the information signal onto a carrier 

frequency, the resultant modulated information signal may be 

transmitted through free space to a receiver. Various modulation 
2.15 techniques (e.g., amplitude (AM), frequency (FM), phase, and 

composite modulation) are known to combine the information 

signal with an electromagnetic wave. Communication units, 

such as portable radios, mobile radios, and base stations, contain 

transmitters and/or receivers. 

35 

A linear AM transmitter does not have as much coverage 

area, i.e., the signal does not travel as far, as an FM transmitter at 

the same peak transmit power level because the average envelope 

size of an AM transmission varies below the maximum output 

level, whereas the average envelope size of an FM transmission is 

constant at the maximum output level. An FM transmitter, 
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however, uses more energy to transmit at the same power level as 

a.Tl AM transmitter, and hence the FM transmitter will more 

quickly drain the battery of a portable transmitter. 

Accordingly, there is a need for a transmitter which has the 

5 low power characteristic of an AM transmitter while retaining the 

advantage of coverage area of an FM transmitter. 

Brief Description of the Drawings 

10 
FIG. 1 shows an FM transmitter, an M1 transmitter, and a 

common receiver in accordance with the invention. 

FIG. 2 shows a detailed FM transmitter, a detailed AM 

transmitter, and a detailed common receiver in accordance with 

15 the invention. 

Description of a Preferred Embodiment 

The following describes an apparatus for and method of 
transmitting communication signals with a single transmitter 

and receiving the same signals with a single receiver. Additional 
communication range is obtained when transmitting FM signals. 

More efficient battery performance is achieved when transmitting 

25 linear AM signals. A single transmitter transmits both AM and 

FM signals. A single receiver capable of differentiating phase 

differences demodulates either AM or FM signals. Only one 

receiver is necessary, and there is no need to inform the receiver of 

what type of modulation was performed on the transmitted signal. 

30 In the preferred embodiment, FM modulators have 12.5 kHz 

channels and linear AM modulators have 6.25 kHz channels. The 

receiver can be the same in either case. The form of modulation 

used in the present invention is called QPSK-c. This modulation 

technique is discussed in detail in U.S. Application No. 07/629,9Bl 

35 titled "Multi-Modulation Scheme Compatible Radio" filed on behalf 
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of Alan L. Wilson et al. on December 19, 1990, which information 

is enclosed herein by reference. QPSK stands for Quaternary 

Phase Shift Keying. QPSK-c, where the c stands for compatible, is 

a linear differential form of QPSK that is AM and FM compatible. 

5 It is possible to transmit with a higher average power using FM, 

and hence increased coverage area is obtained for the signal than 

when AM is used. An Ml transmitter, however, consumes less 

power and hence is a more efficient user of a portable radio's 

battery charge or power than an FM transmitter. When using 

10 QPSKftc modulation, 4ftleve1 FSK (Frequency Shift Keying} is used 

in FM transmissions and DftQPSK (Differential QPSK) is used in 

AM transmissions. Switching from AM to FM yields higher 

average power, and hence increased coverage area for the signal, 
at the cost of battery charge. Thus range is enhanced and greater 

15 coverage is obtained for the same radio, or communication unit, 
when such coverage is desired. Conversely, switching from FM to 

AM when extended range is not necessary conserves battery 

charge. In the present invention, the communication unit 

changes its type of modulation and thus is more quickly responsive 

to such a change. This is accomplished by, inter alia, an x/(sin x) 

filter, where x :::: 1t fT in the preferred embodiment, and a phase 

angle integrator for the exponential function. 
One part of FIG. 1 shows a conventional four~level FM 

transmitter. Information to be transmitted enters a digital signal 
2.5 processor (DSP) 101. The DSP 101 processes the information and 

sends it to frequency modulator 103 which passes the information 

to power amplifier (PA) 105 which is rated class C. As shown in 

FIG. 1, a class C four-level FM transmitter transmits a constant 

envelope. 

A conventional linear AM transmitter is also shown in FIG. 
1. Information to be transmitted is processed in DSP 107 and 

output to a conventional linearizer 109, the output of which is input 

to a class AB power amplifier 111. As seen in the diagram, an AM 
signal has a non-constant envelope. The average signal power of 
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an AM signal is less than the average signal power of an FM 

signal having the same peak envelope size. 

Also shown in FIG. 1 is a common :receiver which may 

receive information from both four-level FM transmitter and 

5 linear AM transmitters. The common receiver has a front-end 

receiver 113, a digital receiver 115, and a digital signal processor 

117 that processes the information into data or audible speech. A 

linear AM transmitter has a time¥varying amplitude that is 

reduced for high frequency deviation. Note that DSP 101, DSP 107, 

10 and DSP 117 also perform functions other than those shown. 

Throughout the specification and drawings, the DSP as shown 

may be a DSP 56001 available from Motorola., Inc. 

FIG. 2 shows a detailed implementation of the transmitters 

and :receiver of f'IG. 1. An FM transmitter, yielding 4¥level FSK 

15 data, is shown by blocks 201, 203, 205 and 207. 4-level data is input 

to a raised-cosine filter 201 which is a splatter filter of the Nyquist 

raised-cosine finite impulse response type with splatter filter 

transition ratio alpha= 0.2, as is known in the a.rt, The FM 

transmitter includes a differential encoder comprised of blocks 203 

and 205. An fT/sin(n fT) filter 203 and an integrator 205 comprise 

the differential encoder. In the preferred embodiment, the 
integrator 205 is a simple integrator that uses the modulo 2r.: 

property of the phase to avoid overflowing, as is known in the art. 

The output of integrator 205 is the phase 0 of the 4ulevel input 

25 signal. A detailed description of one implementation of the raised

cosine filter 201 and 11: fT/sin(n: IT) filter 203 follows in the next 

paragraph. Phase modulator 207 takes the phase f,!I and modulates 

it, creating a complexuvalued result that is designated e.1~. The 

output, e.1~, of phase modulator is input to switch 209. 

The cascaded filter implementation of the Nyquist 

raised-cosine filter 201 and the rr IT/sin(it IT) filter 203 may be 
implemented as follows. Let H(w) equal the frequency response of 

an ideal Nyquist raised cosine filter. The normalized corner 

frequency is 1 radian/second, and the normalized symbol time 
35 (denoted by T) is 11: seconds, and 
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H(oo) = 1 for 1 - a.;?; wl 
H(oo) = l + lcoJn{lffi - l + a)) for 1 -a <lwl :s; l + o. 

2 2 1 2a 
H(ro) = 0 for l +a< I wl. 

5 The impulse response, h(t), of the filter is found with the inverse 

Fourier transform, and noting that H(w) is an even function: 

10 

15 

h(t) = -1.. f °" H(w)ei00tdw = .l1ro H(fu) cos(wt) dw 
2x X 

·"" 0 

1
1-a. 

1
1+a 11+a 

= 1 cos(ffit) dw + ..1. cos(u1t) dro + .l cojn{@-l +a,)} cos(u1t) d(1) 

re 
O 

2n 
1 

2n: 
1 

i 2a 
·U ·O: 

Using the identity cos(x) cos(y) = 0.5 cos(x+y) + 0.5 cos(x-y) and 

performing the integration: 

h(t'"" sin[(l-a)t] + sin[(l+a)t] - sin[(l-a)t] 
' m 2m 

sin[n+(l+a.)t] - sin((l-o:)t] sin[n-(l+a.)t] + sin[(l--a)t] 

+ 4,rr/...1.L + t) + 4.J..1L -t) . 
·,20. '12a 

Using the identity sin(n+x) = -sin(x), regrouping terms, and then 

using the identity sin(x+y) + sin{x-y) = 2 sin(x) oos(y): 

h(t) = n sin[(l+a.)t] + sin[(l-a.)t] = 1t sin(t) cos(at) . 

8o.2t / ..1L)2 a,2 
\2a.. 

The filter function h(t) can be sampled at discrete time intervals to 

realize the Nyquist raisedacosine finite impulse response filter 201. 
The shaping filter, f(t), is derived as follows, where F(ro) is the 

25 frequency response of the shaping filter, T is the symbol time 
which equals 208.333 µsec for 9600 bits per second which equals 1t 

seconds for the normalized system used in H above, and 
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F<rn) = roT/2 for all frequencies. 
, sin(rnT/2) 

The frequency :range of interest for F(rn) is -1.2n < wT < 1.2rc, which 

is the frequency range covered by the Nyquist filter H(w) when the 

5 roll~off factor a= 0.2, In order to find a suitable impulse response, 

the function F will be approximated with a Fourier series of cosine 

terms, and the result will be transformed to the time domain. 

A time interval to approximate F is first selected to be 

±1.33333:n:, because it must exceed ±1.21t and be less than ±2n 

10 because there is a singularity in F at roT::::2'.ll:. The Fourier series 

expansion follows, where :xis the normalized frequency: 

"" 
F(x) = . me = fo + I fkCO"/ ~nk; ) where .x = IT = .wT, 

srn(mc:) k:::l ''h.33333 2n 

fo = 0.75[

213 

F(x) dx, and 
2/3 

15 fk = 1.51
213 

F{x) co~ 211:kx } dx for k > 0. 
2/3 1.33..133 

25 

These integrals are easily evaluated numerically. The first twelve 

terms appear in the following table. 

k fk k fk 

0 1.35697 6 0.0281791 
1 -0.4839 7 -0.0210304 

2 0.189043 8 0.0162746 

3 -0.0982102 9 eQ.0129571 
4 0.0594-481 10 ·0.0105541 

5 -0.0390059 11 ~0.00875928 

Performing the inverse Fourier transform on the series as follows: 
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ftt) = ..1.. f"' F(w)dCiltdw = -=1---f °" (ro + }: fkco~ 2ruor ) ') eJ(()t dro 
2n ·"" 2rc k,::J 1.33333 , 

•00 

=·-1-(ro&:t)+ f f~.8(0.75kT)+ f fko(-0.75kT)) 
2n: \ bl 2 k=l 2 ; 

where .S(t) represents the Dirac delta function. Sampling at 8 

5 samples per s:ymbol yields non-zero samples and 0.75 x 8 = 6 

sample intervals. The middle or 0th sample has amplitude f o, and 

the remaining samples have amplitudes fk/2 for k:::::±1, ±2, ±3, ... 

Cascading the previously computed h(t) with ft:t) yields the filters 

necessary for an FM n/4 DQPSK-c transmitter, as used in the 

10 preferred embodiment of the present invention. Although the 

above implementation is shown in band-limited form, band.

limiting is optional and is not required for the present invention. 

The AM t:ransmitter1 yielding D-QPSK data, is comprised of 

blocks 211,213,215, and 217. Four level data having levels of± n/4 

15 and ± 3n:/4 enters a differential encoder comprised of a summer 

211 and a delay 213. The output of this differential encoder enters a 

phase modulator 215, where the output of the phase modulator 215 

has complex components I and Q at one sample per symbol. I 

represents the in~phase component, and Q represents the 

quadrature component. The output of modulator 215 is input to 

raised cosine filter 217 with alpha = 0.2 where raised cosine filter 

217 is similar to raised cosine filter 201. The output of raised 

cosine filter 217 is input to switch 209. Whichever form of 

transmission is selected, either FM or A.i..'1, the output of that part 

25 of the transmitter is input to modulator 219, which modulates the 
signal to the carrier frequency w. 

Blocks 211, 213, and 215 each operate at the :rate of one 

sample/symbol or 4800 syrnbolsisecond. Blocks 201 and 217 

interpolate from 1 sample/symbol to N samples/symbol at the 
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output, where N is usually 10 or more, but at least greater than 

one. Blocks 203, 205, and 207 each operate at N samples/symbol. 

For efficiency and to eliminate redundant parts in the 

preferred embodiment, only one class AB PA is used in the 

5 transmitter, thus the linear Mi transmitter configuration of FIG. 

1 is used to embody the entire transmitter of FIG. 2, blocks 201 

through 219 inclusive. Because the preferred embodiment of the 

present invention uses a DSP, transmitter blocks 201,203,205,207, 

209, 211, 213, 215, 217, and 219 are easily implemented in the DSP 

10 107 of the linear AM transmitter. Because blocks 201 through 219 

are included in the DSP 107, it is unnecessary to duplicate DSP 101, 

frequency modulator 103, and PA 105. The modulator 219 is also 

implemented in the DSP 1071 and the output of the modulator 219 is 
input to the linearizer 109 prior to transmission. 

15 A detailed common receiver is also shown in FIG. 2. In the 

preferred embodiment, the receiver blocks 221, 223, 225, 227, 229, 
and 231 are a.11 implemented in the DSP 117, When the :receiver 

and transmitter are in the same communication unit or radio, one 

or more DSPs may be used to support the functions of DSP 107 and 

DSP 117. A loose IF (intermediate frequency) filter 221, first 

receives a modulated signal. The output of the loose IF filter 221 is 

input to inverse tangent function 223, which is part of a frequency 

demodulator including blocks 223,225 and 227. Blocks 225 and 227 

a.re also part of a differential encoder also including integrate a.11d 

25 dump filter 229, the function of which is described in detail in the 

following paragraph. The output of block 223 is input to summer 

227 and the positive form of the delayed component is subtracted 

from block 227 as output from block 225. The output of integrate 

and dump filter 229 is input to stochastic gradient bit recovery 

ro block 231 the output of which is four level data as transmitted 

initially. Stochastic gradient bit recovery is well known in the art. 

Because the receiver is sensitive only to phase, the envelope does 

not matter and both FM and AM transmission may be received 

and properly decoded by this common receiver. Thus, because a 

35 more powerful AM PA is required than for an FM PA for the same 
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range, a switch of the two modulations temporarily although 

draining more power gains extra (greater) coverage area. 

The impulse response for the integrate and dump filter 22.9 is 

derived below, in a closedufo:rm solution that is expressed in terms 

5 of the sine integral function Si(x), which is well known in the art. 

A bandulimited integrate and dump filter is achieved when a 

portion of the side lobes are filtered out of the frequency response. 
The portion of the frequency response that is necessary for good 
fidelity in the symbol recovery is in the range u(l + a.)/(2T) Hz to 

10 (1 + a)/(2T) Hz. Because of a spectral null at J/I' Hz, the response 

is restricted to l!T Hz cutoff. Where H(x) is the frequency response 

of a band~limited integr3:te and dump filter: 

H(x):::::: sin(:rtx) for Ix I< 1 
TeX 

1,5 H(x) = 0 forlxl ~ 1. 

2.5 

Where h(t) is the impulse response of the filter H(x), w = 2ror, and 

H(w) is an even function: 

h(t) = _J_ H(w)eiuli:dw = _l_ sin(w/2) ~rotdoo f.
'"' 12n 

21t "" 2:it -2n oo/2 

1
2:rt 

= .l. 2.. sin(w/2) cos(oot) dro 
1to (J) • 

:: .l l.( sin[(t+l/2) '"l - sin[(tul/2) rn]) drn 1
2n 

1t O 00 

(1
2mt+l/2) 12n(t-1/2) ) 

= 1. sin(v) dy - sin(y) dy 
it ~ y y 

0 0 

=; (Si[2n:(t+l/2)J - Si[2n(t-1/2)]) where Si(x) = ix sin(t) .dt._ 
0 t 
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Although the above implementation is shown in band-limited 

form, bandulimiting is optional and is not required for the present 

invention. 

Hence in the present invention, when it is desired for any 

5 reason by command or as determined by the radio, the radio will 

automatically switch from AM to FM to gain extra range for a 

particular signal. . The radio or communication unit may also 

receive a signal, such as from a base station or other controlling 

unit including another radio, instructing it to transmit with a 

10 particular modulation. Similarly, the radio will automaticaHy 

switch from FM to A.'\\1 to gain better battery efficiency. This 

switching takes place in switch 209, which is controlled by a DSP 

in the preferred embodiment. 

Although the preferred embodiment uses QPSK-c 

15 modulation, a common receiver can still be used for any 

modulation that distinguishes data by phase, i.e., where all the 

constellation points fall on a circle, such as QPSK, D~QPSK, and 

CORPSK (Correlated PSK). 

Although a DSP is used to perform many of the functions of 

the present invention, discrete elements or other programmable 

logic may also be used and will achieve the same effect. 

What is claimed is: 
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Claims 

1. A communication system characterized by: 

5 a transmitter that modulates and transmits communication 

signals modulated by a first modulation technique and 

communication signals modulated by a second modulation 

technique, wherein said first modulation technique and said 

second modulation technique are different; and 

10 

15 

a receiver capable of receiving said communication signals 

modulated by said first modulation technique and said 

communication signals modulated by said second modulation 

technique and demodulating said communication signals. 

2. The communication system of claim 1, further 

characterized in that said first modulation technique is amplitude 

modulation and said second modulation technique is frequency 
modulation. 

3. The communication system of claim 1, further 
characterized in that said first modulation technique is 

differential quaternary phase shift keying a,.'1.d said second 
25 modulation technique is 4-level frequency shift keying. 

4. The communication system of claim l, further 
characterized in that said communication signals modulated by 
said first modulation technique are transmitted when low power 

3:.l consumption by said transmitter is desired. 

5. The communication system of claim l, further 

characterized in that said communication signals modulated by 
said second modulation technique are transmitted when greater 

35 signal coverage by said transmitter is desired. 
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6. A communication unit characterized by: 

means for modulating communication signals by a first 

modulation technique, producing a first modulated signal; 

means for modulating communication signals by a second 

modulation technique, producing a second modulated signal, 
wherein sai<l first modulation technique and said second 

modulation technique are different; 

means for selecting between said first modulated signal and said 

second modulated signal, producing a selected signal; and 

a transmitter for transmitting said selected signal. 

7. The communication unit of claim 6, further characterized 
in that said first modulation technique is amplitude modulation 
and said second modulation technique is frequency modulation. 

8. The communication unit of claim 6, further characterized 
in that said first modulation technique is differential quaternary 
phase shift keying and said second modulation technique is 4-level 

frequency shift keying. 

9. The communication unit of claim 6, further characterized 

in that said first modulated signal is selected when low power 

consumption by said transmitter is desired. 

10. The communication unit of claim 6, further characterized 

in that said second modulated signal is selected when greater 
signal coverage by said transmitter is desired. 
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W096/28946 PCT/US96/02WO 

-1-

\VIDEBAND WIRELESS BASESTAT!ON MAKING USE OF TIME 
DIVISION MULTIPLE-ACCESS BUS HAVING SELECTABLE NUMBER OF TIME 

SLOTS AND FRAME SYNCHRONIZATION TO SUPPORT DIFFERENT 
MODULATION STANDARDS 

FIELD OF THE INVENTION 

This invention relates generally to communication networks, and in particular to a 

wireless communication system basestation making use of a wideband, multichannel 

digital transceiver having incorporated therein a time division multiple-access (TDM) bus 

for providing digital samples ofa plurality of wireless communication channels, wherein 

the TDM bus has a selectable number of time slots per frame. and a selectable frame 

synchronization rate, to permit dynamic allocation of modulator and demodulator signal 

processing resources, and to support wireless modulation standards of different 

bandwidths. 

BACKGROUND 

The basestations used by the providers of current day multiple channel wireless 

communication services, :such as celluiar mobile telephone (CMT) and personal 

communication systems (PCS), typicaliy designate signal processing equipment for each 

single receiver channel. This is probably a result of the fact that each basestation is 

configured to provide communication capability for only a limited predetermined number 

of channels in the overall frequency spectrum that is available to the service provider. 

A typical basestation may thus contain several racks of equipment which house 

multiple sets of receiver and transmitter signal processing components that service a 

prescribed subset of the available channels. For example. in an Advanced Mobile Phone 

Service (AMPS) cellular system, a typical basestation may service a pre-selected number 

of channels. such as 48. of the total number, such as 416. of the channels available to the 

service provider. 

Certain types of wireless service providers would prefer, however. iO employ 

equipment that would be more flexible. both in terms of where it-can be located. as well 

as in the extent of the available bandwidth coverage provided by a particular transceiver 

site. This is particularly true in rnral areas where cellular coverage may be concentrated 

along a highway. and for which the limited capacity of a conventional 48 channel 
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transceiver may be inadequate. This may also be true in other instances, where relatively 

large, secure, and protective structures for multiple racks of equipment are not necessarily 

available or cost effective, such as for PCS applications. 

One way to resolve this difficulty is to implement a basestation transceiver using a 

high speed analog-to-digital (/VD) converter and equipment which makes use of efficient 

digital filtering algorithms such as the Fast Fourier Transform (FFT). to separate the 

incoming signal energy into multiple ones of the desired channels. On the transmit side, 

this basestation implementation includes an inverse FFT processing combiner which 

outputs a combined signal representative of the contents of the communication channel 

signals processed thereby. In this manner, relatively compact, lightweight. inexpensive, 

and reliable digital integrated circuits may be used to cover the entire channel capacity 

offered by the service provider, rather than only the subset of the available channels. 

Thus unlike prior art basestations, the wideband digital basestation is capable of 

receiving any channel. While this provides a certain number of advantages as described 

above. it also poses a number of unique problems to the service provider. 

Perhaps most importantly, there exists a rn:ed to d'ficientiy support a varying 

number of active channels and the required connections into the public switched 

telephone network. 

These connections should be made in such a way as to simplify call control. 

Indeed, it would be desirable for as many of the call set up control functions required by 

such a basestation were handled to the maximum extent possible by the basesta!ion itself. 

By so simplifying the network interface. the Mobile Telephone Switching Office 

(MTSO) and/or Mobile Switching Center (MSC) through which the basestation is 

connected to 1he Public Switched Telephone Network (PSTN) may be freed, as much as 

possible. from the details of maintaining a proper connection from the PSTN to the 

remote subscriber unit. 

Secondly. the basestation should make efficient use of the available resources 10 

process each ca!L ln particular, while the wideband channelizer separates the signals into 

channels. certain other signal processing resources such as demodulators and modulators 

are also required. 

Using the wideband front end, any channel in the bandwidth available to the 

service provider is availahle at any time. However_ it is desirable for such a basestation 
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to only activate as many of the other, per-channel resources as is required to support the 

present call density. 

By making the basestation's implementation of call processing resources as 

modular as possible, the basestation could initially be configured to support a limited 

number of channels. Then, as the demand for services grows, additional cham1els could 

be supported by the addition of the necessary resources. 

In other instances, the basestation should be reconfigurable in the event of an 

change or expansion in one type of service. For example, given the emergence of several 

air interface standards such as code division multiple access (CDMA) as well as time 

division multiple access (TDMA) standards for cellular, it is desirable for a given 

wideband basestation to be able to support each such standard. thereby reducing the 

number of such basestations that need to be deployed. However, it would be desirable if 

the resources allocated to one particular air imerface, when no longer needed. could then 

be made available to process signals formatted using the other air interface. That is. as 

the demands of one type of service or the other come and go, !he basestation should be 

automatically reconfigured, without requiring an investment in new or differem 

basestation resources. 

Thus, several difficulties exist with a wideband digital basestation that can 

process at any time. any one of many channels in the RF bandwidth available to a service 

provider. 

SUMMARY OF THE INVENTION 

Briefly. the invention is a wideband transceiver basestation for a wireless 

communication system. The receiver portion of the basestation includes a digital 

channelizer which provides digital samples of multiple wireless channel signals. and a 

time division multiplexed (TDM) data bus. to provide switching functionality between 

the various channel outputs and other basestation receiver resources such as digital 

demodulators. 

On the transmitter side. basestation signal processing resources such as digital 

modulators are also connected to a multichannel digital combiner over the TDM bus. 

Thus, the same flexibility in switching functionality is provided between transmitter 

signal processing resources and the transmitter channel inputs. 
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A synchronization and clock generation circuit has the capability of selecting the 

number of time slots, as well as the bus frame rate, to be used on the TDM bus. The 

number of time slots and the bus frame rate depend upon, respectively, the number of the 

channel signals and the bandwidth of each of the channel signals provided by the 

channelizer. 

More particularly, the wideband basestalion transceiver includes a receive antenna 

and one or more digital tuners that provide wideband digital signal energy to a digital 

channelizer. The digital channelizer, in tum, produces a plurality of channel signals, with 

each channel signal representing the signal energy in one of the radio frequency channels. 

The channel signals each consist of a series of digital samples. 

The digital samples of each channel signal are, in turn. connected to a time 

division multiplex: (TDM) bus. A basestation controller grants access to the TDM bus by 

each channel signal in a predetermined timeslot, in a predetermined order. 

The samples of the digital channel signals are then forwarded to am available one 

of the associated receiver resources, such as a demodulator. The demodulators. typically 

implemented in a digital signal processor (DSP). are then connected to an outgoing 

landline such as a Tl line to a telephone switching office (MTSO) or mobile switching 

center (MSC) for further connection into the PSTN. 

Accordingly, when the basesrntion is to support a particular number of channel 

signals simultaneously, each channel signal having a bandwidth as dictated by a 

particular modulation or air interface standard to be suppmted. the TDM bus reconfigured 

accordingly, to provide the required number of bus time slots. as well as the frame repeat 

rate required to support the desired per-channel sampling rate. 

When it is desired that the basestation support a protocol which has a larger 

number of narrower bandwidth channels, the bus timing circuits are reconfigured to 

provide a correponding:ly larger number of time slots at a slower frame rate. and, 

likewise. when the basestation is to support a protocol which has a smaller number of 

wider bandwidth channels. the bus timing circuits are again reconfigured to provide a 

smaller mmrnber of time slots at a higher frame rate. 
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As a result of the switching functionality provided by the TDM bus, the 

basestation is thus capable of supporting different signalling protocols, or air interface 

standards, which have different channel bandwidths. 

The invention provides other advantages as well. 

For example. the basestation may efficiently service both code division multiple 

access (CDMA) and time division multiple access (TDMA) signals at the same time. ln 

such an arrangement. there are at least two digital channelizers, with one allocated to 

separating the incoming RF energy into the channel bandwidths required by TDMA, and 

another channelizer dedicated to separating the energy into the bandwidth required by 

CDMA. As the channels are activated, they are then serviced by the pool of demodulator 

resources, by allocating the correct number of additional time slots to accommodate each 

standard. 

If, for example. a wideband CDMA mobile unit goes off line, the timeslots as 

modulators and demodulators freed thereby can be aliocated to processing TDMA 

signals. This results in automatic on-demand redistribution of basestation resources to 

one signaling standard or another, without intervention by an MTSO. MSC. or the service 

provider in any way. 

Such a system architecture also exhibits scalability. in the sense that additional 

DSP processors may be added to support additional channels as traffic increases. without 

having to change the RF front configuration. This is unlike the prior art where each 

basestation had a fixed channel allocation. and. to add capacity. one must add additional 

narrowband receivers and transmitters. 

As a result a basestation according to the invention permits a wireless service 

provider much greater flexibility in planning implementations, as different and even 

future protocols can be supported. 

BRIEF DES'CRJPTION OF THE DRAWINGS 

For a fuller understanding of the advantages provided by the invention, reference 

should be had to the following detailed description together with the accompanying 

drawings. in which: 

Fig. l is a block diagram of wideband digital basestation making use of a time 

division multiplex (TDM) bus according to the invention; 
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Fig. 2 is a more detailed block diagram showing addressable bus drivers and 

receivers which permits access to the TDM bus; 

Fig. 3 is a detailed diagram of an addressable bus driver using a dual-port random 

access memory (DP-RAM); 

Figs. 4A and 4B are timing diagrams showing the frame length and number of 

time slots on the TDM bus for two differem channel bandwidths; 

Fig. 5 is a detailed diagram of an addressable bus driver using a first-in. first-out 

(FIFO) memory; 

Fig. 6 is a detailed diagram of an addressable bus receiver using a FIFO: 

Fig. 7 is a detailed diagram of an addressable bus transmitter using a FIFO: 

Fig. 8 is a sequence of operations performed by a basestation control processor i:1 

setting up a connection; and 

Fig. 9 is an alternate embodiment of the ;rivention making use of multiple tuners 

and channelizers to support multiple air :1terface standards while making maximum use 

of basestation resources, 

DET'.4.JLED DESCRIPTION OF A PREFERRED EMBODJMEJ\T 

Fig. 1 is a block diagram of a wideband wireless digital bascstation l O according 

to the invention. Briefly, the basestation 10 consists ofa receive antenna l l. one or more 

wideband digital tuners 12, one or more digital channelizers 14. a time division multiplex 
-· ·----=-·· - ..... ,, 

(TDM) bus l 6. a control bus 17., a plurality of digital signal processors (DSPs). a first 
~--------

/ 

subset of which are programmed to operate as demodulators 18- l-L 18-i-2 ..... 18-1-P 

(collectively. demodulators l 8-l ); a second subset of which are programmed to operate as 

modulators l 8-2-1. i 8-2-2 ..... l 8-2-Q; and a third subset l 8•-u of which are presently idle. 

transport signal (T- l) encoder 20. a T-1 decoder 22. one or more digital combiners 24. 

one or more wideband digital exciters 26, a power amplifier 28. a transmit antenna 29. a 

basestation control processor (controller) 30, and a TDM synchronization clock generator 

More particularly, the basestation exchanges radio frequency (RF) signals with a 

number of mobile subscriber terminals (mobiles) 40a, 40b. The RF carrier signals are 

modulated with voice and/or data (channel) signals which are to be coupled to the public 

switched telephone network (PSTN) by the basestation i 0. The particular modulation m 
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used may be any one of a number of different wireless (air interface) standards such as 

the well known Advanced Mobile Phone Service (AMPS), time division multiple access 

(TDMA) such as IS-54B, code division multiple access (CDMA) such as IS-95. 

frequency hopping standards such as the European Groupe Speciale Mobile (GSM), 

personal communication network (PCN) standards, and the like. Indeed, in a manner that 

will be described below, the basestation 10 may even be configured to simultaneously 

process RF signals fomiatted according to more than one such air interface at the same 

time. 

On the receive side (that is, with respect to the basestation l 0), RF modulated 

signals are first received at the receive antenna l I. and forwarded to the wideband digital 

tuner 12. The digital tuner l 2 downconverts the RF signal received at the antenna to a 

intermediate frequency (IF) and then performs an analog to digital (AID) conversion 10 

produce a digital composite signal l 3. 

Digital tuner 12 is wideband in the sense that it covers a substantial portion of the 

bandwidth available to the wireless service provider who is operating the basestation l 0. 

For example. if the air interface irnplememed by the basestation lO is JS-54B. the 

wideband digital tuner may downconvert as much as a !2.5 MegaHertz (MHz) bandwidth 

in the 800-900 MHz range which contains as many as 416 receive and transmit channel 

signals, each having an approximately 30 kiioHertz (kHz) bandwidth. 

The digital channelizer l 4 implements a channel bank to separate the 

downconverted composite digital signal l 3 to a plurnliay, N. of digital channel signals 15. 

This digital sampled signal is then further fihered to separate it into the individual 30 

kHz channel signals. The digital channelizer l 4 can thus be considered as a bank of digital 

filters with each filter having a 30 kHz bandwidth. The digital channelizer 14 may 

implement the filter bank using any of several different filter structures. and no particular 

digital filter structure is critical to the operation of the invention. However, in one preferred 

embodiment, the digital channelizer 14 consists ofa set ofconvolutional digital filters and a 

fast Fourier Transform (FFT) processor. The convolutional digital filters make use of 

multirate digital filter techniques. such as overlap and add. or polyphase, to efficiently 

implement a digital filter bank by grouping samples of the downconverted signal together. 

multiplying the sample groups by a convolutional function, and then forwarding the samples 

to lhe FFT for conversion into the n individual channel signals. Such filter banks may 
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imp[emented using any of the techniques as are described in the textbook by Crochiere, R.E .. 

and Rabiner, LR., entitled "Multirate Digital Signal Processing" (Englewood Cliffs. New 

Jersey: Prentice-Hall, J 983), pages 289-399. 

In any event, the channelizer 14 provides N individual digital channel signals ] 5, 

wherein each of the N outputs represent information in one of the radio frequency 

channels originated by the mobile 40. Usually, one-half of the channels are used for 

transmitting signals and one-half for receiving signals. Thus. in the IS-54B example 

being described. N is 208. and thus there are 208 receive and 208 transmit channels 

implemented. hy the basestation l 0. 

These N digital channel signals are then provided over the time division multiplex 

(TDM) bus 16 to a plurality of digital signal processors (DSPs) I 8-l- L l 8-1-2 ..... l 8-1-P 

(collectively, dernodulator-DSP 18- 1 ). ln a manner thar will be understood in greater 

detail shortly. the TDM bus 16 operates as a time division multiplexed cross-bar switch. 

That is. any one of the N digital channel signals 15 may be connected ao any one of the 

demodulator DSPs 18-l via the TDM bus 16. 

The exact nature of the timing of the TOM bus 16. that is. the number of time 

slots available for eaech frame of data samples outpm by the digital channelizer 14, and 

thus the manner in which the N digital channel signals are transferred over the TDM bus 

16. changes depending upon the number of channel signals. N. The manner in which the 

base station l O accomodates these changes in the timing of the TOM bus 16 will be 

decribed in greater detail below. 

The DSPs l 8-l are each programmed to remove the modulation on each channel 

signal 15 as specified by the air interface standard supported by the basestation l 0. There 

typically is not a one-to-one correspondence between the number of DSPs 18-1 and the 

number of charmel signals, N. provided by the channelizer 14. For example. the DSPs 

may each process a number. such as 24. of digital channel signals 15 at the same time. 

The basestation controller 30. using the VME bus and TOM synchronization 

clock generator 32, manages access by individual digital channel signals l 5 to the TOM 

bus l 6. in a manner that will be described shortly. 

The outputs of the digital signal processors 18-L representing demodulated audio 

or data signals, are then forwarded over the VME bus l 7 to the encoder 20, The VME 
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bus 17 is a well known industry standard relatively high frequency bus for 

interconnecting digital processors and components. 

PCTfOS96/0llOO 

The encoder 20, in turn, reformats the demodulated signals as necessary for 

transmission to a local Mobile Telephone Switching Office (MTSO). The demodulated 

signals may be reformatted according to any one of a number of well~known time 

multiplex telephone signal transport protocols. such as the so-caiied Tl span (or El). The 

Tl signals are then processed by the MTSO in an known fashion, to ultimately complete 

a telephone cali from the subscriber unit 40 to a desired destination. such as another 

telephone subscriber who is connected to the Public Switched Telephone Network 

(PSTN). 

Since each Tl span has a limited capacity, there may he more than one Tl signal 

necessary to accommodate all of the channels serviced by the basestation l 0. In the 

example being discussed, each Tl signal may be formatted to carry up to 96 lS-54B 

bandwidth-compressed signals to the MTSO, assuming that the demodulated signals 

remain as compressed audio. Thus, as few as five TI lines can be used to carry all of the 

4 l 6 transmit and receive channels. When not all of the channels are busy, however. on as 

many of the Tl line resources as are necessary are connected to the MTSO. in a manner 

that will be understood shortly. 

In other words. the demodulated signals output by the DSPs 18- l may each be 

sub-rate (e.g .. sub-DS0 frequency signals) which still contain additional encoding other 

than the air interface standard, such as impressed by a bandwidth compression scheme. 

which is not removed by the basestation l 0. Rather, to minimize the required m.imber of 

time slots used by the Tl signals, such compression may be removed at the MTSO. 

The signal flow on the transmit side of the basestation l O is analogous. Signals 

are received from the MTSO and provided to the Tl decoder 22, which removes the Tl 

formatting. 

The unformatted Tl signals are then coupled to the DSPs l 8 over the bus l 7. A 

subset of the DSPs 18-2-L l 8-2-2 .... , l 8-2-·Q (collectively. modulators 18-2) then 

modulate these signals and presents them to the TDM bus 16. Ultimately. these are then 

each coupled to one of the N digital channel signals 23 input to the combiner 24. As was 

true in the receive direction. being a cross-bar svvtich, the TDM bus l 6 permits any one of 

the modulator DSPs l 8-2 to be connected to any one of the channel signal inputs 23. 
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Although each modulator DSP 18-2 typically processes multiple channel signals. 

each such channel signal generated by the modulator DSP 18-2 is typically assigned one 

or more unique time slots on the TDM bus 16, with no two channel signals thus 

occupying the same time slot Similarly, no two channel signals on the receive side ever 

occupy the same timeslot on the TDM bus 16. 

As for the demodulators DSPs 18-1, the number of time slots assigned per frame 

on the TDM bus l 6 varies, depending upon the channel bandwidth of the moduation 

standard implemented. 

Other DSPs 18-u may be unused at a particular point in time. However. these 

unused DSPs remain as an available resource to the basestation l 0, should a new mobile 

40 request access. The manner in which DSPs are allocated at the time of setting up a 

call will be described in detail below. 

The digital combiner 24 combines the TDM bus outputs to produce a composite 

IF digital signai 25 representing the N channels to be transmitted. The digital combiner 

24 then feeds this combined signal to a digital exciter 26, which generates an RF signal 

27. This RF signal 27 is then amplified by the pmver amplifier 28 and fed to the transmit 

antenna :29. 

ln order to set up each call, the basestation control processor 32 must e;,,;change 

certain control infom1ation with the MTSO. For example. when a mobile unit 40 wishes 

to place a call. the mobile unit 40 indicates this by transmitting on one or more control 

signal channels. These control signals may be exchanged in one of several ways. As 

shown. the control signals may be in-band or out of band signals present in one or more 

of the channel signals output by the channelizer l 4 or input to the combiner 24. 

A!temmively. a separate control signal tra..'l.sceiver 35 may be used to receive and transmit 

such control signaling. 

l n either event. the base station l O forwards the request for access by the mobile 

40 to the lvffSO. to set up the end to end connection. Upon receiving an indication from 

the MTSO that ,he connection can be made at the remote end, the basestation IO then 

performs a number of steps. to insure that the appropriate data path through the TDM bus 

is then enabled to support communication with between the newly enabled mobile 40 and 

the MTSO. 
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For example, the MTSO typically returns a pair of Tl span line and Tl time slot 

identifiers. These inform the basestation controller 30 on which outgoing Tl line and 

time slot to place the received signal, and on which incoming Tl line and time slot it can 

expect to obtain the transmit signal for the mobile 40. 

However, before proceeding with a detailed explanation of this call set-up 

process, a bit more detail of the operation of the TDM bus l 6 will be provided. As 

shown in Fig. 2, the digital channelizer 14 consists of a convolutional digital filter 140, a 

fast Fourier transform (FFT) 142, as we1l as a TDM dual port (DP) driver l 44. 

The operation of the convolutiona1 filter 140 and FFT 142 is not critical to the 

present invemion, and is explained in the co-pending application. It is sufficient here to 

say that the convolutional filter l 40 and FFT 142 make use of multirate digital signal 

processing techniques, such as overlap and add or polyphase. m efficiently implement a 

digital filter bank by (]) grouping samples of the downconverted signal 13 together and 

multiplying them by a weighting function. and then (2) forwarding them to the FFT l 42 

for conversion into the N individual channel signals. 

An exemplary DSP demodulator 18-!- l and modulator l 8-2-1 are also shown in 

Fig. 2. The demodulator DSP l 8-1-l includes a TDM first-in first-out (FIFO) driver 180 .. 

L a TDM FIFO receiver l 82-l, a DSP central processing unit l 84-l and program 

memory 186-l. Similarly, the modulator DSP l 8-2-l includes a TDM FffO driver l 80-

2, a TDM FIFO receiver 182-2. a DSP central processing unit 184-2 and program 

memory l 86-2. 

Indeed. the modulator and demodulator DSPs may share the same hardware 

architecture, with the only difference being the in the program which is enable in the 

program memory l 86, which in tum may control whether the TDM receiver or TDM 

driver hardware is enabled. 

Thus, in the DSP demodulator 18-1-L only the TDM receiver 182-is enabled (as 

indicated by the dashed lines around the driver 180- I )s since the demodulator 18-1-1 only 

receives data from the TDM bus l 6. Likewise, only the TDM driver 180-2 is enabled in 

the DSP modulator l 8-2-1. since it only transmits data on the TDM bus 16. 

On the transmit side, the digital combiner 24 consists of a TDM dual port (DP) 

receiver 244. an inverse FFT 242, and deconvolutionai digital filter 240. ln a manner 

that is described below, the TDM DP receiver 244 reads each of the data samples off the 
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TOM bus 16 in their assigned time slot. and provides them to the inverse FFT 242 in the 

required order. 

The samples are then operated on by the inverse FFT 242 and deconvolutional 

filter 240, to provide the composite digital signal 25 (Fig. l }, 

Returning attention now to the channelizer 14, a detailed diagram of the TDM DP 

driver 144 is shovvn in Fig. 3. Briefly, it operates to assert the output samples from the 

FFT 142 in the proper time slots on the TDM bus 16. In order to simply the 

implementation of the TDM bus 16, these time slots are fixedly assigned to particular 

channels (such as in ascending order by frequency and time slot number). Thus. a sample 

of a given one, k. of the N channel signals, will always appear in a particular time slot k, 

when it is active. 

The DP driver 144 consists of a TDM slm counter 200, a first Dual Port Random 

Access Memory (DP-RAM) referred to as the enable DP-RAM 202. a second DP-RAM 

referred to as the data DP-RAM 204. and a driver 208 having an enable input EN. 

As is conventional, each of the DP-RAMs have two separate address and data 

ports for reading and ·writing data, namely. input address and data ports Al and Dl. and 

output address and data ports AO and DO. 

In operation, the TDM slot counter 200 receives a pair of signals generated by the 

TDM synchronization circuit 32 (Fig. l ). The first signal. TDM CLK. is a digital clock 

signal identifying the clock periods, or time slots. on the TDM bus l 6. The second signal 

is a TDM FRA.rv1E SYNC signal. indicating when a new frame srnrts on the TDM bus l 6 

The TDM slot counter 200, which is a standard digital counter. receives the TDM 

FRAME SYNC signal at a reset input R, and the TDM CLK signal at a clock inpm 

(denoted by a chevron in the Figures). Thus, the TDM slot counter 200 continuously 

keeps track of which consecutively numbered s:lm on the TDM bus 16 is presently active. 

According to the invention, the manner in which the signals are multiplexed onto 

the TDM bus l 6 is changed. depending upon ,he bandwidth of channels in ,he 

modulation scheme being supported. ln particular. the number of time slots per frame on 

the TDM bus 16 is adjusted. depending upon the bandwidth of the modulation of the air 

interface which is implemented. 

Thus. for different air interface :standards, the TDM slot counter 200 will receive 

different TDM CLK and different TDM FRAME SYNC signals. Turning attention 
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briefly to Figs, 4A and 4B, this concept will be better understood. As shown in Fig. 4A. 

for the lS-54B TDMA standard, the channelizer l 4 provides 208 channels, each having a 

30k.Hz bandwidth. The desired complex~valued (e.g., in-phase and quadrature) sampling 

rate of each TDMA channel is approximately 40kHz, so that the frame rate, that is. the 

rate at which each group of208 samples is asserted on the TDM bus 16, is also set to 

40kHz. 

Accordingly, in order to support IS-54B channels, the TDM FRAME S)'NC 

signal is controlled by the TDM synchronization clock generator 32 to reset the TDM 

slot counter 200 every l/40 kHz, or every 25µs. and the TDM CLK signal is set to clock 

the complex-valued samples. one from each of the 208 channels. every 25 µs / 108: in 

other words. to provide approximately one TDM time slot every 121 ns. 

As shown in Fig. 4B. for the IS-95 CDMA standard. the channelizer provides 1 0 

channels, each having a 1.25 Mhz bandwidth. The desired complex-valued sampling rate 

of each channel is approximately 1.67 MHz. so that the frame rate is 600 n.s, 

Accordingly. in order to support IS-95 channels. the TDM FRAME S'YN"C signal 

is controlled to reset the TDM slot counter 200 every 600 ns. and the TDM CLK signal is 

set to clock the complex-valued samples, one from each of the l 0 channels. every 600 ns 

/ 10, or to provide approximately one TDM time slot every 60 ns. 

As shown in Fig. L the TDM synchronization clock generator receives 

appropriate signals from the basestation controller 30 via the VMS bus 17 indicming the 

desired TDM CLK and desired TDM FRAME SYNC rate. 

The manner in which data may be asserted on the TDM bus 16 in any of the time 

slots will now be described in detail. ln particular, the enable RAM 202 generates an 

enable signal 203 indicating when the TDM DP driver 144 may assert data on the TDM 

bus 16. The AI and DI inputs to the enable DP-RAM 202 are typically written into by the 

basestation controller 30 during the process of setting up a new cal!. ln particular. as 

shown in the table depicting the contents of the enable DP-RAM 202. a location in the 

RAM is associated ,,ith each time slot on the TDM bus l 6 (e.g .. if the TDM bus 

contained 512 time slots. then the RAM 202 has 5 l 2 locations). 

A logical "O" in the associated enable DP-RAM 202 location indicates that the 

TDM driver is inactive in the time slot, that is. no data is to he asserted at that time. A 
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logical "1 ·' in the associated location indicates that the time slot has been assigned to this 

particular TDM driver 144. 

Thus, to enable a connection through the TDM bus l 6, one step for the 
---.., 

basestation controller 30, via thlVME b,lls 17, is to write a logical "1" into the DP-RAM 

202 location ';x'' associated with the newly enabled digital channel signal "x". In the 

example. shown, a "I" has been v.rritten at locations "27" and "30'', indicating that this 

particular TDM driver 144 is now active in timeslot numbers 27 and 30. 

The data DP-RAM 204 acts as a buffer. writing the digital channel signal samples 

output by the FFT at the DI input of the data DP-R.t\M 204. The DP-RAM 204 then 

stores the darn samples untli addressed by the TDM slot counter at the output side. 

A data dual port (DP) RAM 204 is as a buffer in the case of processing the FFT 

output. This is because although the samples do come in bursts. or frames. the samples 

are not necessarily provided by the FFT l 42 in the same order as they must be output 

onto the TDM bus 16. This is a particular phenomenon of at least one of the channelizer 

algorithms used. Thus, an address associated with each output sample from the FFT is 

used to determine at which location each sample is written in the data DP-R.,,-\M 204. 

However. the input data is already in the correct order for the TDM FIFO driver 

180-2 used by the DSP modulator. Such a TDM driver l 80-2 can thus use a first-in first 

out memory (FIFO) 210 in the piace of a data DP-RAM. As shown in Fig. 5. the 

configuration and operation of such as TDM FIFO driver 180-2 is somewhat similar to 

the DP driver l 44. 

In particular. the TDM slm counter 200. enable DP-RAM 202 and driver 208 

operate in the same way as for the embodiment of Fig.3. The only difference is in the 

connection of the clock signals to the FIFO 2l0. On the input side. a clock signal is 

provided by 1he data source (e.g .. the DSP processor 184-2) to cause data to be stored in 

the FIFO. The signal from the enable DP-RAM 202 is used to clock the FIFO output. 

DO. 

A detailed diagram of the TDM FJFO receiver 182-i is shown in Fig. 6. It 

includes a TDM slot counter 200. enable DP-RAM 202. bus receiver 2 l 2. and FLFO 214. 

The TDM slot counter 200 and enable DP-RAM 202 operate as for the TDM FIFO driver 

180-l shown in Fig. 5. to identify when the receiver 212 is to be active. The FIFO 214 is 

connected to the output of the receiver 2 I 2. having its input pon connected to the enable 
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DP-RAM 202 output The output side of the FIFO is clocked as needed by the 

destination for the data (such as the DSP processor] 84- l in Fig. 2). 

The TDM DP receiver 244 is shown in detail in Fig. 7. As for each of the other 

driver/receivers, it includes a TDM slot counter 200, enable DP-RAM 202. 1t includes a 

data DP-RAM 220 operating similarly to the data DP-RAM in the TDM DP driver 144 

(Fig. 3) and bus receiver 218. 

With this background in mind, the details of how the base station comrol processor 

30 effects the switching operation of the TDM bus 16 can now be better understood. 

Fig. 8 is a flowchart of these operations. This sequence of steps is initiated (step 

300) when the basestation controller JO receives control signals from the mobile 40 (Fig. 

l) indicating that the mobile wishes to have access w the PSTN. The controller 30 then 

determines whether a free transmit and receive frequency (step 302) are available among 

the N channels. 

An available modulator DSP and demodulator DSP resource are then identified 

(step 303) by examining a list 33 of free DSP resources maintained in a memory portion 

31 of the basestation controller 30 (Fig. i ). The list 33 is updated by removing the two 

DSPs once allocated. 

Access to an MTSO Tl channel (e.g .. access to one or more Tl time slots as 

needed on a particular Tl span line) is then requested from the MTSO by issuing the 

appropriate MTSO control signaling (step 304). The MTSO then returns Tl span and 

time slot identifiers to be used for the transmit and receive channels for this connection. 

In the next step (306). the appropriate destination and source information is 

written into the various TDM bus drivers and receivers. 

ln particular, given a receive channel identification, a receive channel signal time 

slot on the TOM bus is thus identified. The corresponding location of the enable DP

RAM 202 in the TDM DP driver 144 associated with this time slot is then set to a logical 

"l '" in the manner already described. 

Next. a logical "1" is also written into the enable DP-RAM in the TDM recei\·er 

l 82- l associated with the DSP demodulator l 8- l which was identified as being an 

available resource. If the per-channel bandwidth is greater than that which can be 

supported by a single timeslot, then a sufficiem number of logical "l "s are written into 

the appropriate locations. 
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Also, now given a transmit channel identification, the free DSP modulator l 8-2 is 

enabled {step 306) to use the TDM bus l 6, by writing a logical "l" imo the enable DP

RAM of the TDM drlver J 80-2 connected to the available one of the DSP modulators 

l 8-2. To complete !he connection, a logical "l" is also v.ritten into the location of the 

TDM DP receiver 244 associated with the identified transmit channel. 

Finally (step 308), the basestation controller 30 issues control signals to the 

mobile 40 and MTSO to indicate that the connection has been set up. 

The invention can also be used to advantage in implementing a basestation l 0 

which simultaneously services mobiles 40 which use different air interface standards. 

That is, the basestation l 0 may at the same time process signals from a first mobile 40a 

which uses TDMA (IS-54B) signaling, as well as a second mobile 40b which us.es 

CDMA signaling (lS-95 ). 

As shown in Fig. 9. to support this implementation. the basestation IO includes a 

pair of wideband digital tuners 12-L l 2-2. The first digital tuner l 2- l downconverts a 

bandwidih, such as 5 MHz. from an RF bandwidth which is occupied by TDMA signals. 

A second digital tuner section i 2-2 downconverters a bandwidth. such as 7.5 MHz. which 

is occupied by CDMA signals. 

Next the tuners 12-l. 12-2 fonvard the do,vnconverted signals to respective 

channelizers l 4-L 14-2. The TDMA channelizer l 4-1 is configured to separate the 

received signal into the 30 kHz bandvvidth channels specified by lS-S4B. Likewise. the 

CDMA lS-95 channelizer 1.+-2 is configured to provide l 25 Ml lz chanm:ls as specified 

by that standard. 

The TDM synchronization clock generator 32 is appropriately set to provide a 

sufficient number of time slots on the TDM bus 16 to permit transmission of both the 

required number of samples from the TDMA channelizer l4- l as well as the required 

number of samples from the CDMA channelizer l 4-2. 

The moduiators and demodulators are then grouped according !O the air interface 

modulation they must deal with. For example, at any given instant in time. a certain 

number of DS Ps 18- l · T will have been al located to operate as demodulators for the 

TDMA channeis provided by the TDMA channelizer 14-l. A different set of DSP 

processors l 8- i -C will be serving as demodulators for the CDMA channels provided by 

the CDMA channelizer 14-~. The active modulator DSPs will likewise be so allocated. 
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Thus, assuming that each of the DSPs 18 can be configured to execute either a 

TDMA modulation/demodulation program or a CDMA modulation/demodulation 

program by simply accessing the cor.ec( program memory, the available DSP resources 

and TDM bus time slots are only allocated as needed. 

In other words. the DSPs (and associated Tl connections, for that mat!er) are 

allocated according to user demand automatically, and without intervention by the service 

provider. Thus. for exampl!i\ as more customers migrate to using CDMA. additional 

CDMA channels are automatically made available and processed by the DSPs, at the 

expense of the unused TDMA channels. 

A number of advantages can now be see for a basestation l O configured according 

to the invention. 

When the basestation is to receive and transmit channel signals having a 

bandwidth as dictated by a particular modulation or air interface standard to. the TDM 

bus is reconfigured accordingly, to provide the required number of bus time slots. as well 

as to provide a frame repeat rate approraite to support the required per-channel sampling 

rate. 

When. at a different time, the basestation is to support a protocol having a larger 

number of narro\ver bandwidth channels. the bus timing circuits are reconfigured to 

provide a correpondingly larger number of time slots at a slower frame rme. Likewise. 

when the basestation is to support a protocol which has a smaller number of wider 

band\vidth channels. the bus timing circuits are again reconfigured to provide a smaller 

numnber of lime slots at the higher required frame rate. 

By disposing the TDM bus l 6 between the output of the wideband digital 

channelizer 14 and the demodulator DS Ps I 8- L the demodulator DSPs l 8- l may be 

allocated only as needed. Similarly, the modulator DSPs 18-2 are allocable as needed, 

since the TDM bus l 6 is disposed between them and the digital combiner 24 as welL 

Thus, if the basestation 10 is expected to service only a small number of channels. 

a correspondingly small numb,~r of modulator and demodulator DSPs can be installed in 

the basestation l 0. As the basestation 's demands increases. these additional Rf channels 

can be serviced by simply adding more DSPs. and without having to reconfigure the Rf 

front end. 
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Another advantage is provided in that this switching functionality is distributed at 

the basestation level as much as possible. in particular, unlike certain prior cellular signal 

switching techniques, the MTSO need not be concerned with the details of how the 

mobile units 40 are connected through the basestation. Indeed, the MTSO need not even 

know or care about which transmit and receive frequencies have been assigned to a 

particular mobile. All the MTSO need provide is identification of a Tl transport line and 

time slot on \Vhich it expects to receive and provide signals from and to the mobile. 

Furthermore. because the basestation may efficiently allocate its 

demodulator/modulator resources, a number of different air interface standards may be 

supported by lhe basestation at the same time. without the need to determine in advance 

an exact plan for allocating receiver/transmitter resources for each air interface type. 

Upon detecting a request by a new mobile for access, the basestation simply determine-,; 

the type of air interface used by the mobile. and then signals the appropriateiy 

programmed DSPs. or even initiates the DSPs to run a different modulator/demodulator 

program. as required to support the additional mobile. 

While ,ve have shown and described several embodiments in accordance with the 

present invention. it is to be understood that the invention is not limited thereto. but is 

susceptible to numerous changes and modifications as known to a person skilled in the 

art. and we therefore do not wish to be limited to the details shown and described herein 

but intend to cover all such changes and modifications as are obvious to one of ordinary 

skill in the art. 

What is claimed is: 
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CLAIMS 

l. A basestation for processing signals in a multiple mobile subscriber unit wireless 

communication s:ystem comprising: 

an antenna for receiving signals from a plurality of the mobile units as a composite radio 

frequency, RF, signal; 

wideband digital tuner means. connected to the antenna, for downconverting a selected 

bandwidth of the RF signal to an intermediate frequency, IF, signal and for performing an analog 

to digital conversion on ahe IF signal. to provide a wideband digital tuner output signal: 

digital channelization means. being connected to receive the wideband tuner output 

signaL and providing multiple digital channel signal outputs. each digital channel signal output 

having a predetermined channel bandwidth. and each digital channel signal corresponding to one 

of the signals received from one of the mobile units: 

a plurality of digital signal processing means, for providing digitally processed channel 

signal outputs; and 

time division multiplex switching means. disposed between the multiple digital channel 

signal outputs and the plurality of digital signal processing means. the switching means for 

interconnecting any one of the multiple digital channel signal outputs to any one of the plurality 

of digital signal processing means: and 

time division multipex synchronization timing means. connected to control the 

time division multiplex means, to provide. at a fmme rate which depends upon the 

predetermined bandwidth of the channel signals. a plurality of time slots, the numer of 

time slots depending upon the number of digital channel signals. 

2. The basestation of claim l wherein the signals received from the mobile units contain 

modulation. and the digital signal processors include demodulators to remove the modulation. 

J. The basestation of claim I additionally comprising: 

signal-transport encoding means. connected to the output of the digital signal processing 

means. for encoding the digitally processed channel outputs for further transmission to a mobile 

telephone switching office. MTSO. 
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4. The basestation of claim 3 wherein the signal-transport encoding means is a Tl 

encoder. 

5. The basestation of claim l additionally comprising: 

second digital channelization means. being connected to receive the wideband 

tuner output signal, and providing a second set of multiple digital channel signal outputs, 

each one of the second set of the digital channel signal outputs having a predetermined 

channel bandwidth which is different from the predetermined channel band\'liidth of said 

above mentioned first digital channel signals. and each one of the second set of digital 

channel signals corresponding to one of the signals received from one of the mobile units. 

6. The basestation of claim l additionally comprising: 

second wideband tuner means, connected to the antenna. for downconverting a second 

selected bandwidth of the RF signal to a second intermediate frequency. lF. signal. and for 

perfonning an analog to digital conversion on the second IF signal. to provide a second wideband 

digital tuner output signal; and 

second digital channelization means. being connected to receive the second wideband 

tuner output signal. and providing a second set of multiple digital channel signal outputs. each 

one of the second set of the digital channel signal outputs having a predetermined channel 

bandv,1idth which is different from the predetermined channel bandwidth of snid above 

mentioned first digital channel signals, and each one of the second set of digital channel signals 

corresponding to one of the signals received from one of the mobile units. 

7. A basestation as in claim 6 wherein the first and second set of digital channel signals 

are modulated in accordance with first and second standards, respectively. 

8. A basestation as in claim 7 wherein the digital signal processors include a first 

set of digital signal processor means for demodulating said first set of digital channel 

signals. and a second se! of digital signal processors for demodulating said second set of 

digital channel signals. 
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9. A basestation as in claim 7 wherein said first and second standards are each different 

one of a time division multiplex, TDMA, code division multiplex. CDMA. Advanced Mobile 

Phone System, AMPS. Personal Communications System , PCS. or Groupe Especiale Mobile. 

GSM. 

l 0. A basestation as in claim l additionally comprising: 

basestation controller means. connected to the lime division multiplex switching 

means and the digital signal processing means. for maintaining a list of unused digital 

signal processing means that are not presently interconnected through the time division 

multiplex switching means to one of the digital channel outputs, and for dynamically 

allocating digital signal processing means from the list of unused digital signal processing 

means to be interconnected to one of the digital channel outpuas only when the digital 

channel outpua contains an active signal being transmitted by the mobile unit which has 

not yet been assigned to one of the digital signal processing means. 

l l. A basestation as in claim l wherein the time division multiplex s,vitching means 

further comprises: 

a time division multiplex. TDM, data bus including data lines; 

basestation contrnlier means, connected to the TDM bus. and to generate TDM bus 

synchronization signals and driver address signals. the TDM bus synchronization signals used to 

identify access timeslots on the TDM bus; and 

TDM bus driver means. connected to the TDM bus. the basestation controller means. and 

at least one of the digital channel signals, for receiving the TDM bus synchronization signals and 

the driver address signals. for storing the driver address signals, and for asserting the digital 

channel signal on the TDM bus when the value of driver address signals corresponds to the value 

of the bus synchronization signals. thereby indicating that a timeslot associated with the digital 

channel signal is currently active. 

i 2. A basestation ns in claim l I wherein 1he basestation controller means, 

connected to the TDM bus. additionally generates receiver address signals:, and the time 

division multiplex switching means addhionally includes: 
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TDM bus receiver means, connected to the TDM bus. the basestalion controller 

means, and at least one of the digital signal processor means. for receiving the TDM bus 

synchronization signals and the receiver address signals, for storing the receiver address 

signals. and for reading a signal asserted on the TDM bus and providing such asserted 

signal to the digital signal processor means when the value of receiver address signals 

corresponds to the value of the bus synchroni:c.ation signals. indicating that a timeslot 

associated with the digital signal processor is currently active. 

I 3. A wideband basestation as in claim 6 wherein the first and second channelizers each 

comprise: 

a convolutional digital filter, connected to receive the respective one of the digitized 

wideband signals; and 

a fast Fourier transform, FFT, processor. connected to receive the output of the 

convolutional digital filter. and to provide the digital channel signals. 

l 4. A basestation as in claim 1 additionally comprising: 

a second plurality of digital signal processing means, connected to receive digital 

input signals from a communication signal source: 

n wideband digital combiner, being connected to receive a second plurality of 

digital channel signals, and to provide a composite digital signal for transmission; 

\\herein the time division multiplex switching means is also disposed between the 

second plurality of digital signal processors and the wideband digital combin(.'r. the 

switching means connecting any one of the second set of digital signal processors to any 

one of the digital channel signais input to the combiner: 

a wideband digital exciter, connected to receive the composite digital signal and 

to provide a combined RF signal; and 

a transmit antenna. connected to receive the (;ombined RF signal and the radiate 

the combined RF signal. 

l 5. A basestation as in claim 14 additionally comprising: 

basestation controller means, connected to the time division multiplex switching 

means and the fast and second plurality of digital signal prncessing means, for 
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maintaining a list of all unused digital signal processing means that are not presently 

interconnected through the time division multiplex switching means to one of the digital 

channel outputs, and for dynamically allocating digital signal processing means from the 

list of unused digital signal processing means to function as one of the first or second 

digital signal processing means on.ly when the digital channel output contains an active 

signal being transmitted by the mobile unit which has not yet been assigned to one of the 

digital signal processing means. or when the digital inputs from the communications 

source are active. 

16. A wideband basestation transceiver including: 

a wideband digital tuner t.hat provides a wideband digital signal at an output; 

a digital channelizer. connected to the wideband tuner. to produce a plurality of sampled 

channel signals, with each channel signal representing signal energy in one of a plura[i1y of radio 

frequency channels serviced by the basestation; 

a time division multiple-access. TDM, data bus; 

means for selectively connecting the digital samples of each channel sign.al. in mrn. to the 

TDM bus; 

basestation controller means. for controlling the means for selectiveiy connecting the 

digital samples of each channel signal to the TDM bus, by so connecting each channel signal in a 

predetermined timeslot. in a predetermined order; 

means. coupled to the TDM bus. for selecting the digital samples in a particular r.irneslot. 

and for generating a reconstructed channel signal thereby; 

means for allocating a demodulator to be coupled to the reconstructed channel signal 

when the associated radio frequency channel is active, the demodulator providing a demodulated 

channel signal: 

means for allocating a Tl line encoder to the demodulated channel signal. to format the 

demodulated channel signal for transmission over a Tl span line; 

means for coupling the Tl line to a mobile telephone switching office, MTSO. or mobile 

switching center. MSC, for further connection into the public switched telephone network. 

PSTN; and 
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A synchronization and clock generation circuit has the capability of selecting the 

number of time slots, as well as the bus frame rate, to be used on the TDM bus. The 

number of time slots and the bus frame rate depend upon, respectively, the number of the 

channel signals and the bandwidth of each of the chanriel signals provided by the 

channelizer. 
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(57) Abstract 
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D E S C R I P T I O N 

MULTI-RATE AND MULTIPLE-MODULATION FORMAT DATA RECEIVING APPARATUS AND 
METHOD OF DEINTERLEAVING DATA 

Technical Field 

The present invention relates to a data receiving 

apparatus and a method of deinterleaving data for 

reproducing data transmitted by a modulation mode at a 

10 frame speed (or transmission rate) and by an 

interleaving mode arbitrarily selected from 

predetermined modulation modes, frame speeds and 

interleaving modes. 

15 

Background Art 

Hitherto, NTT system and POCSAG system have been 

known as paging (wireless paging) systems, 

•rhe POCSAG system employs, for example, binary FSK 

(Frequency Shift Keying) method as a modulation mode and 

sets a frame speed to 512 bps (Bit/Second). When paging 

20 is performed, a paging service company transmits digital 

data, which has been FSK-modulated 1 to the called pager, 

at the rated frame speed. Thus 1 a service for 

communicating messages has been performed. 

Meanwhile, the progress of the mobile communication 

25 technique made recantly has resulted in the 

communication service charge being reduced. Thus, the 

mobile communication has been widely used in business, 

personal, and in particular, among the young, thus 

resulting in subscribers being increased. As a result, 

DEF0000583 

IPR2020-00036 Page 02594

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2594



W097/24828 PC'I'/JP%i03755 

5 

2 

addresses for the subscribers are in short and the 

traffic has been always congested. Thus, the 

conventional POCSAG system has encountered difficulty in 

providing service satisfactory for the subscribers. 

Since the paging service has been in a great demand 

and the serviceable menus have been increased recently, 

there arise a necessity of improving the paging system. 

As a result, employment "RCR S'J:D-43'' in future has been 

decided as the next standard system. 

10 The foregoing paging system (hereinafter called 

"STD-43") will briefly be described. The structure of 

data, which is employed in STD-43, is shown in FIG. 32. 

Referring to FIG. 32, symbol "'A" shows the structure of 

data which is transmitted at a period of one hour and 

15 "B" shows one cycle of the data structure "A'". Symbol 

"C" shows the structure of data in one frame of the 

cycle structure "B". Symbol "'D" shows the block 

structure of one frame. The data structure »A" is 

composed of 15 cycles respectively given numbers "No. 0" 

20 to "No. 14". 

The cycle structure "B" is composed of 128 frames 

respectively given numbers •No. 0" to "No. 127", which 

are transmitted at a period of four minutes. One frame 

has a data length of 1.875 seconds. Data in one frame 

25 of the frame structure cycle is sectioned into 8 section 

corresponding to the contents of data. 

The eight section of the data contents is, as 
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indicated in the data structure "C" and the block 

structure "D", composed of sync structure Dl composed of, 

when viewed from the leading end, synchronization l 

(Sl)Cl, frame information (Fl) C2 and synchronization 2 

5 (S2)C3 and arranged to be transmitted at 115 ms 

(milliseconds); and interleaved block structure D2 

composed of block information (El) C4, address field 

(AF)CS, vector field (VF)C6, message field [MF)C7 and 

idle blocks (IB)CB and arranged to be transmitted at a 

10 frame speed of 160 ms for each block so that 11 blocks 

are transmitted. 

In the synchronizing signal section D, the 

synchronization 1 (Sl)Cl is composed of 112-bit 2-level 

FM data (binary-FSK-modulated data, i.n detail) at 1600 

15 bps, the synchronization 1 (Sl)Cl containing frame 

pattern data including information of frame receiving 

timing, timing for receiving 1600 bps symbol data and 

the transmitted type selected from the fallowing four 

frame types/rates with which the interleaving block 

20 portion Dl is interleaved/transmitted: 

25 

1. 2-Level FM 1600bps (Binary FSK 

Modulation/1600 bps) 

2. 2-Level FM 3200bps (Binary FSK 

Modulation/3200 bps) 

3. 4-Level FM 3200bps (Quadruple FSK 

Modulation/3200 bps) 

4. 4-Level FM 6400bps (Quadruple FSK 
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Modulation/6400 bps) 

The frame information (Fl) C2 is composed of 32-bit 

2-level FM data at 1600 bps and includes data (four 

bits) of cycle number cf the cycle of the data structure 

5 "A" to which this frame belongs, data (7 bits) of the 

frame number of the cycle to which this frame belongs, 

and information of indication of plural transmitted 

operations and the number of the transmitted operations. 

The interleaved block structure D2 formed of the 

10 synchronization 2 (S2)C3 and the block information (Bl) 

C4 to the idle blocks (IB)C8 is data which is 

transmitted by means of the frame type specified by the 

synchronization l (Sl)Cl. The synchronization 2 (S2)C3 

is a block for supplying timing information to the 

15 interleaved block structure D2 transmitted by the 

modulation method and the frame speed specified by the 

synchronization l (Sl)Cl to enable the called pager to 

fetch the interleaved block structure D2. 

The block information (BI)C4 is data disposed in 

20 block fO of the interleaved block structure D2 and 

composed of one word. The block information (EI)C4 

includes block information 1 for storing information of 

the word number (2 bits) which is used as the start 

point of address field (AF)C5 and the end point of the 

25 present field, to be described later, the word (6 bits) 

which is used as the start point of vector field (VF)C6 

and the like, and block information items 2, 3 and 4 so 
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that ID of the simulcast system and 1 if the frame number 

i.s zero, information of the actual time, time zone and 

system message are stored. 

The address field (AF)C5 is a field for storing 

S address data of the called pager, the data to be stored 

being short address (32 bits) or long address (64 bits). 

The vector filed (VF)C6 and the address field 

(AF)C5 form a pair and the vector field (VF)C6 is a 

field for storing the word at which the own message data 

10 is started in a message field (MF)C7 to be described 

later, the word length cf own message data (hereinafter 

simply referred to message length) and information of 

the data format of the own message data. 

The message field (MF)C7 is a field for storing 

15 massage data corresponding to information specified by 

the vector field (VF)C6. The idle blocks (IB)CB is an 

unused block to which a pattern composed of "1" or "0" 

is set. 

The signal format shown in FIG. 32 is 1 in parallel. 1 

20 interleaved/transmitted in a time sequential manner in 

independent four phases "a", "b", "c" and ''d". '.['hat is, 

if STD-43 is employed, the paging service company uses 

any one of the above-mentioned four phases or two to 

four phases to enable data in one frame having different 

25 contents to be multiplexed so as to be transmitted 

simultaneously. 

In STD-43, the relationship between the phases of 
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the frame speeds is regulated as follows: 

1600 bps: any one of phases "a", "b" 1 "c" and "d" 

is used {multiplex degree: 1) 

3200 bps: a pair of phases "a• and •c• or a pair of 

5 "b" and "d" is used (multiplex degree: 2) 

6400 bps: all of the phases "a", "b", "c" and "d"' 

are used {multiplex degree: 4) 

The block structure of the interleaved block 

structure D2 will now be described. Referring to FIG. 

10 32, one block is structured such that the frame speed is 

160 ms. One block stores, in parallel, 8 rows (one row 

is called one word) for one phase, each row being 

composed of the following 32 bits: 

15 

Information (Information Bit): 21 bits 

Parity[Check Bit): 10 bits 

CK(Even-Number Parity Bit): 1 bit 

The number of bits of data in one block is 

different. depending upon the frame speed. The 

relationship between the frame speeds and the number of 

20 bits of data in one block is as follows: 

1600 bps: 1 phase X B words X 32 bits= 256 bits 

3200 bps: 2 phases X 8 words X 32 bits - 512 bits 

6400 bps: 4 phases X 8 words X 32 bits 1024 b.i.ts 

The structure of bit data in one block at each 

25 frame speed will now be described with reference to 

F1G. 33 to 35, FIG. 33 shows the structure of bit data 

in one block at the frame speed of 1600 bps, FIG. 34 
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shows the structure of bit data in one block at the 

frame speed of 3200 bps and FIG. 35 shows the structure 

of bit data in one block at the frame speed of 6400 bps. 

In the case where the interleaved block structure 

5 D2 is transmitted at 1600 bps, the structure of bit data 

in one block shown in FIG. 33 is employed. The 

transmitted order of bit data is, in a direction 

indicated by an arrow {-J shown in FIG. 33, as W(word)Oal, 

Wla1, W2a1, ... , W5a32, W6a32 and W7a32. 

10 In the case where transmitted at 3200 bps is 

pe.rformed, the structure of bit data in one block as 

shown in FIG. 34 is employed. The transmitted order of 

bit data is, in a direction indicated by an arrow 8 

shown in FIG. 34, as W0a1, WOcl, Wla1, ... , W6c32, W7a32 

15 and W7c32 (in the case of 2-level FM), as WOal and WOcl, 

Wlal and Wlcl, W2al and W2cl, ... ,W6a32 and W6c32, W7a32 

and W7c32 (in the case of 4-level FM). In the case 

where transmitted at 6400 bps i.s performed 1 the 

structure of bit data in one block as shown in FIG. 35 

20 is employed. The transmitted order of bit data is, in a 

direction indicated by an arrow B shown in FIG. 35, as 

WOal and WObl, WOcl and WOdl, Wlal and Wlbl, Wlcl and 

Wldl, ... , W6a32 and W6b32, W6c32 and W6d32, W7a32 and 

W7b32, W7c32 and W7d32 {in the case of 4-level FM). 

25 As described above, STD-43 involves the number of 

bits of data in one block which is received at each 

frame speed and the interleaving mode being different. 
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Also in the case of the frame speed of 3200 bps, the 

structure of bit data becomes different depending upon 

whether the modulation mode is 2-level FM or 4-level FM. 

When a paging service company employs paging system 

5 STD-43, one frame type is selected from four types of 

the frame types/rates in the synchronization l (Sl}Cl of 

the sync structure Dl. Thus, the number of bits of data 

in one frame which i.s transmitted to the called pager 

can arbitrarily be changed. 

10 Therefore, if the called pager uniformly receives, 

amplifies and digitizes data, which has been transmitted 

in the wireless manner, to simply convert 2-level FM 

serial data into parallel data as has been performed by 

the conventional POCSAG system, m,:laningless serial data 

15 is unintentionally transmitted. Thus, a data 

reproducing method adaptable to STD-43 and capable of 

rearranging bit data to correspond to the received frame 

type must be provided for the pager. 

The following methods of reproducing r·eceived data 

20 to be provided for the pager have been suggested: 

(1) A method in which plural types of hardware 

units (decoders) adaptable to the respective frame 

speeds and the multiplex degree are mounted on the 

pager; any one of the mounted hardware unit is selected 

25 so that data transmitted at any one of the frame speeds 

is received; and bit data of the interleaved block 

structure D2 of above data is reproduced in accordance 
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with the multiplex degree and by the selected 

deinterleaving circuit. 

(2) One type of hardware is mounted on a pager; and 

software for performing control to rearrange bit data in 

5 the interleaved block structure D2 in accordance with 

the frame type of the received data is installed so that 

received data is reproducing. 

In the case where method (1) is employed, the pager 

is provided with a plurality of S/P conversion circuits 

10 for converting the serial data to the parallel data in 

accordance with the frame type of received data; and a 

rearranging circuit for rearranging the parallel data in 

order to separate data into each phase. 

In the case where method (2) is employed, one S/P 

15 conversion circuit and the rearranging circuit are 

provided which are controlled by software. However, in 

the above-mentioned case (1), the number of hardware 

units which receive and reproduce data and which must be 

provided for. the pager increases. What is even worse, 

20 since the structure of each of the circuits has a 

complicated structure, the size of the reception 

processing circuit after it has been mounted cannot be 

reduced. In the case of (2), the software must perform 

a heavier task and therefore the structure of the system 

25 becomes too complicated. 

Disclosure of the Invention 

Accordingly, the present invention is achieved to 
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solve expected problems to arise for a pager for 

receiving and reproducing data when STD-43 standard is 

employed and, thus, it is an object of the present 

invention to provide a data receiving apparatus and a 

5 method of :reproducing received data which can keep the 

balance between hardware and software for use to receive 

and reproduce data and reduce the size of the hardware 

and the load which must be borne by the software. 

Another object of the present invention is to 

10 provide a data receiving apparatus and a method of 

reproducing received data capable of adapting the above

mentioned data transmission method, keeping the balance 

of load distributed to hardware and software, and 

reducing the size of the circuit and load, which must be 

15 borne by a CPU, 

20 

25 

In order to achieve the above-mentioned objects, 

according to the present invention, there is provided a 

data receiving apparatus comprising: 

receiving means for receiving data; 

plural reproducing means capable of reproducing 

received data having a format which can be recognized by 

said data :receiving apparatus; 

format data receiving means for receiving format 

data; and 

selection means for selecting one of said plural 

reproducing means in accordance with the format data 

received by said format data receiving means. 
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Therefore, the load distributed to the hardware and 

the software can be balanced so that the size of the 

circuit and the load of the CPU are reduced. 

'l'he format data denotes a frame speed and the 

5 reproducing means is selected in accordance with the 

received frame speed. The reproducing process rate of 

the reproducing means is controlled in accordance with 

the frame speed received by the format data receiving 

means. 

10 

15 

The format data denotes a modulation mode and the 

reproducing means is selected in accordance with the 

received modulation method. The received data is 

converted to parallel data in accordance with the 

modulation method. 

The format data denotes a frame speed and a 

modulation mode and the reproducing means is selected in 

accordance with the received frame speed and the 

modulation method. The reproducing process rate of the 

reproducing means is controlled in accordance with the 

20 frame speed received by the format data receiving :means. 

The received data is converted to parallel data in 

accordance with the modulation method. 

The data reproducing process rate of the 

reproducing means is controlled in accordance with a 

data interleaving mode. Received data is converted into 

parallel data in accordance with the data interleaving 

mode. 
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Si.nee the received data is converted into parallel 

data in accordance with the data interleaving mode, the 

load distributed to hardware and software can be 

balanced, and thus the size of the circuit and load, 

5 which must be borne by a CPU, can be reduced. 

Plural registers used for converting the received 

data into parallel data are provided. 

When parallel data is divided into predetermined 

units so as to be sequentially stored, stored parallel 

10 data are read sequentially in the storing order so as to 

be supplied to the selected reproducing means, and 

reproduced parallel data is stored in the storage 

position from which the same has been read, the 

operation required to transfer data in the data 

15 transmission process is performed by, for example, a DMA 

circuit in place of the CPU. Thus, the load of the CPU 

can furthermore be reduced. 

When data which is reproduced in one·oper.ation by 

the reproducing means selected by the selection means is 

20 stored in data storage means, when reproducing timing of 

the reproducing means selected by the selection means is 

detected, parallel data is sequentially transmitted from 

the data storage means to the reproducing means and 

simultaneously parallel data transmitted from the 

25 conversion means is sequentially stored by the data 

storage means, the operation required to transmit and 

receive data in the data transmitted process is 
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performed by, for example, a D.MA circuit in place of the 

CPU. Thus, the load of the CPU can furthermore be 

reduced. 

The format data received by the format data 

5 receiving means is stored until the format data is 

received next. 

An ID code of paging of the data receiving 

apparatus is stored 1 if the ID code is detected in 

reproduced data while continuing the reproducing 

10 operation of the reproducing means, the detected ID code 

and the stored ID code are compared with each other. If 

the ID codes do not coincide with each other, the 

reproducing operation of the reproducing means is 

interrupted. 

1.5 By providing an interface, the data receiving 

operation of the data receiving apparatus is controlled 

in accordance with control data supplied from a 

connected external device through the interface. 

Therefore, even if data which cannot be processed by 

20 only the data receiving apparatus, it can be processed 

under control of the connected external device. 

According to another aspect of the present 

invention, there is provided a method of deinterleaving 

data in which data received by plural rearranging 

25 circuits are reproduced into data comprising the 

following steps of: 

receiving format data; and 
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selecting one of said plural rearranging circuits 

in accordance with received format data. 

According to the above method, a rearranging 

circuit is selected from the plural rearranging 

5 circuits in accordance with information of the data 

format if information (synchronization l(Sl)Cl} of the 

data format is received. Thus, received data is 

reproduced by the selected rearranging circuit. 

Therefore, the load of the process distributed to 

10 the hardware and the software can be balanced. Thus, 

the size of the circuit and the load of the CPU can be 

reduced. 

Brief Description cf the Drawings 

FIG. 1 is a block diagram showing a circuit of a 

15 pager which is a first embodiment of a data receiving 

apparatus according to the present invention; 

20 

FIG. 2 is a circuit diagram showing an example of 

the internal structure of the received data buffer 

circuit 304 shown in FIG. 1; 

FIG. 3 shows the correspondence between input to 

registers 3042 (Ra to Rh) and output from latches 3043 

(La to Lh) with respect to 64-bit data supplied to the 

received data buffer circuit 304 shown in FIG. 2; 

FIG. 4 shows the correspondence between input to 

25 the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data 

(phase "a") in a range o: fer one block, thE=..1 frame type 
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of which is 1600 bps (2-level FM) and which is 

transmitted at a frame speed of 1600 bps as shown in 

FIG. 32 and received by the received data buffer circuit. 

304 shown in FIG. 2; 

5 FIG. 5 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data (a 

pair of phases "a" and "c") in a range "al", which is 

transmitted at the first time, in the range a for one 

10 block, the frame type of which is 3200 bps (2-level FM) 

and which is transmitted at a frame speed of 3200 bps as 

shown in FIG. 34 and received by the received data 

buffer circuit 304 shown in FIG. 2; 

FIG. 6 shows the correspondence between input to 

15 the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data (a 

pair of phases "a" and "c") in a range "a 2" which is 

transmitted at the second time, in the range u for one 

block, the frame type of which is 3200 bps (2-level FM) 

20 and which is transmitted at a frame speed of 3200 bps as 

shewn in FIG. 34 and received by the received data 

buffer circuit 304 shown in FIG. 2; 

FIG. 7 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

25 latches 3043 (La to Lh} with respect to the bit data (a 

pair of phases "a" and "c") in a range "al", which is 

transmitted at the first time, in the range a for one 
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block, the frame type of which is 3200 bps {4-level FM) 

and which is transmitted at a frame speed of 3200 bps as 

shown in FIG. 34 and received by the received data 

buffer circuit 304 shown in FIG. 2; 

5 FIG. 8 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data (a 

pair of phases "a" and "c") in a range "ci: 2", which is 

transmitted at the second time, in the range o: for one 

10 block, the frame type of which is 3200 bps (4-level FM) 

and which is transmitted at a frame speed of 3200 bps as 

shown in FIG. 34 and received by the received data 

buffer circuit 304 shown in FIG. 2; 

FIG. 9 shows the correspondence between input to 

15 the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data in 

a range "a l", which is transmitted at the first time, 

in the range a: for one block, the frame type of which 

is 6400 bps (4-level FM) and which is transmitted at a 

20 frame speed of 6400 bps as shown in FIG. 35 and received 

by the received data buffer circuit 304 shown in FIG. 2; 

FIG. 10 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data in 

25 a range "a: 2", which is transmitted at the second time, 

in the range a for one block, the frame type of which 

is 6400 bps (4-level FM) and which is transmitted at 
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a frame speed of 6400 bps as shown .i.n FIG. 35 and 

received by the received data buffer circuit 304 shown 

in FIG. 2; 

FIG. 11 shows the correspondence between input to 

5 the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data in 

a range " a 3", which is transmitted at the third time, 

in the range a for one block, the frame type of which 

is 6400 bps (4-level FM) and which is transmitted at a 

10 frame speed of 6400 bps as shown in FIG. 35 and received 

by the received data buffer circuit 304 shown in FIG. 2; 

FIG. 12 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data in 

15 a range "a 4", which is transmitted at the fourth time, 

in the range a for one block, the frame type of which 

20 

is 6400 bps (4-level F'M) and which is transmitted at a 

frame speed of 6400 bps as shown in FIG, 35 and received 

by the received data buffer circuit 304 shown in FIG. 2; 

FIG. 13 is a diagram showing an example of the 

structure of memory areas of the RAM 403 shown in 

FIG. 1; 

FIG. 14 is a block diagram showing an example of 

the structure of the deinterleaving circuit 5 shown in 

25 FIG. 1; 

FIG. 15 is a diagram showing a rearranging 

operation which is performed by a rearranging 
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circuit 502; 

FIG. 16 is a diagram showing the rearranging 

operation which is performed by a rearranging circuit 

503; 

FIG. 17 a diagram showing the rearranging operation 

which is performed by a rearranging circuit 504; 

FIG. 18 is a circuit diagram showing an example of 

the internal.structure of the address comparison circuit 

6 shown in FIG. 1; 

FIGS. 19A and 19B are a flow chart showing a data 

receiving operation which is performed by the pager 

according to the first embodiment of the present 

invention; 

FIG, 20 is a flow chart showing the data receiving 

15 operation which is performed by the pager according to 

the first embodiment of the present invention; 

FIGS. 21A and 21B are a flow chart showing the data 

receiving operation which is performed by the pager 

according to the first embodiment of the present 

20 inventioni 

FIG. 22 is a flow chart showing the data receiving 

operation which is performed by the pager according to 

the first embodiment of the present invention; 

FIG. 23 is a flow chart showing a reproducing 

25 operation which is performed by the deinterleaving 

circuit 5 of the pager according to the first embodiment 

of the present invention; 
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FIG, 24 is a block diagram showing a circuit of a 

pager according to a second embodiment of the data 

receiving apparatus according to the present invention; 

FIG. 25 is a diagram showing an example of the 

5 structure of memory areas in the Rl'u'IIJ: 404 shown in 

FIG, 24; 

FIGS. 26A and 26B are a flow chart showing a data 

receiving operation which is performed by the pager 

according to the second embodiment of the present 

10 invention; 

FIG. 27 is a flow chart showing the data receiving 

operation which is performed by the pager according to 

the second embodiment of the present invention; 

FIG. 28 is a flow chart showing the data receiving 

15 operation which is performed by the pager according t:o 

the second embodiment of the present invention; 

FIG. 29 is a flow chart showing the data receiving 

operation which is performed by the pager according to 

the second embodiment of the present invention; 

20 FIG. 30 is a timing chart showing a data 

transmitting and receiving operations which .i.s performed 

by a DMA circuit 11 when the data receiving operation is 

performed; 

FIG. 31 is a block diagram showing the structure of 

25 a circuit of a modification of the second embodiment of 

the present invention~ 

FIG. 32 is a diagram showing an example of the 
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structure of transmitted data which is employed by pager 

system "RCR STD-43"; 

FIG. 33 is a diagram showing the structure of one 

block of an interleaved block struc!:.ure D2 when the 

5 frame speed is 1600 bps (phase "a"); 

10 

FIG. 34 is a diagram showing the structure of one 

block of an interleaved block structure 02 when the 

frame speed is 3200 bps (a pair of phases "a" and "c"); 

and 

FIG. 35 is a diagram showing the structure of one 

block of the interleaved block structure D2 when the 

frame speed is 6400 bps. 

Best Mode of Carrying Out the Invention 

A preferred embodiment of a data receiving 

15 apparatus and a method of reproducing received data 

according to the present invention will now be described 

with reference to the accompanying drawings. Note that 

the embodiments employ the data structure C and block 

20 

structure D shown in FIG. 32. 

(First Embodiment) 

FIG. 1 is a block diagram showing the structures of 

circuits in a pager which is a first embodiment of a 

data receiving apparatus according to the present 

invention. The pager comprises an antenna 1, a receiver 

25 circuit 2, a decoder section 3, a control section 4, a 

deinterleaving circuit 5 1 an address comparison circuit 

6, a display unit 7 1 a notifying section 8 and a power 
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supply circuit 9. 

The antenna 1 receives data transmitted from a 

transmitting station of, for example, a pager service 

company in the format shown in FIG. 32 to supply the 

5 received data to the receiver circuit 2. 

The receiver circuit 2 is connected to the decoder 

section 3 and arranged to be operated in response to a 

control signal supplied from the decoder section 3 so as 

to demodulate and wave-detect the received data. The 

10 receiver circuit 2 fetches the synchronization 1 (Sl)Cl 

to select and output serial bit data in accordance with 

the 2-level FM or 4-level FM modulation method. That is, 

when the 2-level FM modulation is performed, only "d" is 

output. When 4-level FM modulation is performed, MSB 

15 signal of 4-level FM bit data is output to "d" and LSB 

signal is output to "e". 

Data included in the frame pattern data obtained by 

fetching the synchronization 1 (Sl)Cl and relating to 

the modulation method, is supplied to a level 

20 determining circuit 301 through the output "d", while 

data relating to the frame speed is supplied to a frame 

speed determining circuit 302. The decoder :section 3 

determines the frame pattern of the interleaved block 

structure D2 following the synchronization 2 (S2)C3 in 

25 response to a line selection signal "a" output from the 

level determining circuit 301, a shift clock signal "b" 

output from the frame speed determining circuit 302 and 
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a data trigger '"c" output from the timing control 

circuit 303. Moreover, the decoder section 3 converts 

the detected digital data into B-bit parallel data in 

accordance with the modulation method so as to supply 

5 the obtained 8-bit parallel data to a bus line "B". 

The decoder section 3 includes the level 

determining circuit 301 1 the frame speed determining 

circuit 302, a timing control circuit 303 and a received 

data buffer circuit 304. Each of the level determining 

10 circuit 301 and frame speed determining c.ircuit 302 has 

a buffer memory (not shown), The buffer memories store 

control data output from a CPU 401 of the control 

section 4 when initialization is performed, data 

included in the received frame type data which relates 

15 to the modulation method and data relating to the frame 

speed. Moreover, the buffer memories store control data 

output from the CPU 401 of the control section 4. 

The level determining circuit 301 receives serial 

bit data "d" (data of the synchronization l (Sl)Cl) 

20 output from the receiver circuit 2 to determine the 

modulation method of the received data so as to generate 

the line selection signal "a". 

The frame speed determining circuit 302 receives 

the serial data "d" (data of the synchronization l 

25 (Sl)Cl) output from the receiver circuit 2 so as to 

determine the frame type of the received data. 

Specifically, the frame speed determining circuit 302 
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determines the frame type among the following four 

types: 

1. 1600bps 2-Level FM (Binary FSK 

Modulation/1600 bps) 

2. 3200bps 2-Level. }'M (Binary FSK 

modulation/3200 bps) 

3. 3200bps 4-Level FM (Quadruple FSK 

modulation/3200 bps) 

4. 6400bps 4-Level FM (Quadruple FSK 

10 modulation/6400 bps) 

After the frame speed determining circuit 302 has 

determined the frame type, it generates the shift clock 

signal "b". 

The timing control circuit 303 has a buffer for 

15 temporarily storing timing control information obtained 

from the CPU 401 when the synchronizing signal portion 

Dl has been received. Thus, the timing control circuit 

303 controls bit-synchronization and the frame

synchronization of the decoder section 3 . .Moreover, the 

20 timing control circuit 303 generates the data trigger 

"c" for controlling an output timing of 8-bit parallel 

data from the received data buffer circuit 304. 

The received data buffer circuit 304 converts 

serial bit data (outputs "d• and "e") output from the 

25 receiver circuit 2 into 8-bit parallel data so as to 

output the 8-bit parallel data to the bus line "B". 'l'he 

received data buffer circuit 304 converts the above bit 
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data in unit of 64 bits in accordance with the line 

selection signal "a" output from the level determining 

circuit 301, the shift clock signal "b" output from the 

frame speed determining circuit 302 and the data trigger 

5 "c" output from the timing control circuit 303 so as to 

sequentially output 8-bit parallel data. 

The control section 4 includes a CPU 401, a ROM 402 

and a RAM 403 and controls the overall operation of the 

pager in accordance with a control program stored in the 

10 ROM 402. 

The CPU 401 has a buffer memory 4011 for 

temporarily storing the frame pattern data read from, 

for example, the synchronization l (Sl)Cl, a buffer 

memory 4012 for temporarily storing data (cycle number, 

15 frame number and number of plural output operations) 

read from the frame information (Fl)C2, a buffer memory 

4013 for storing block information (BI)C4 and data (the 

start word of the address field (AF)C4, vector field 

(VF)C5,and own message data in the message field (MF)C6, 

20 and the message length of own message data in the 

message field (MF)C6) read from the vector field (VF) CS, 

a buffer memory 4014 for storing reproduced data in unit 

of one block so as to correct errors and a clock 

generator 4015 for generating clocks for use to adjust 

25 the timing of the receiving process and the like. 

The CPU 401 controls circuit sections connected 

with each data by data and clocks contained in the above 
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one frame. 

The ROM 402 stores various programs for operating 

the CPU 401 and ID information for storing information 

of the frequency bands which must be received by the own 

5 pager, frame data and address data, which are ID codes 

of the own pager, and phase data indicating the phase in 

which the ID codes are stored. 

As shown in FIG. 13, the RAM 403 has a work area WA 

for use in an operation of the CPU 401, a data reading 

10 memory area RDA for use in reproducing the received data 

and a memory area ¥MA for use in a process for st.or ing 

the received message data. 

The memory area RDA is a memory area for 

temporarily storing 8-bit parallel data output f:rom the 

15 decoder section 3 before it has been output to a 

deinterleaving circuit 5 to be described later. When 

the output timing to the deinterleaving circuit 5 has 

been detected under control of the CPU 401, the number 

of bits of data (16 bits if the frame speed is 3200 bps 

20 and 32 bits if the frame speed is 6400 bps) which can be 

reproduced is sequentially output to the deinterleaving 

circuit 5. 

The deinterleaving circuit 5, for each phase, 

reproduces 16-bit data of 3200 bps (2-level FM), 16-bit 

25 data of 3200 bps (4-level FM) and 32-bit data of 

6400 bps {4-level FM) in accordance with the 

corresponding frame pattern so as to output reproduced 
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data to the bus line "B". 

The address comparison circuit 6 operates in 

accordance with the data trigger "c" output from the 

timing control circuit 303 and which compares and 

5 collates whether address data, which is included in the 

reproduced address field (AF)CS, coincides with address 

data of the cwn pager. 

The display unit 7 is a circuit section formed by, 

for example, a liquid crystal panel, a display buffer or 

10 a driver so as to display information, such as a message, 

on a liquid crystal panel. 

The notifying section 8 is composed of notifying 

means including, for example, an LED (Light Emission 

Diode) which is turned on or allowed to flicker to 

15 notify the receipt of message, a speaker which produces 

sound for notifying the same, a vibrator which is 

vibrated to notify the same. 

The power supply circuit 9 supplies electric power 

to the overall circuits of the pager when a power switch 

20 (not shown) is switched on. 

The decoder section 3 will now be described in 

detail. FIG. 2 is a circuit diagram showing the 

internal structure of the received data buffer circuit 

304 in the decoder section 3. The received data buffer 

25 circuit 304 shown in FIG. 2 has eight registers 3042 

consisting of registers Ra to Rh for, in unit of 8-bit 

from BO to B7, sequentially storing serial bit data 
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output from the receiver circuit 2 through the outputs 

"d" and "e~; eight latches 3043 consisting of La to Lh 

respectively corresponding to the foregoing registers 

3042; and a line selection circuit 3044. 

5 A principle of the operation of the decoder section 

3 to convert serial bit data to 64-hit data in 8-bit 

parallel will now be described. FIG. 3 shows 

correspondence between the inputs to the registers 3042 

(Ra to Rh) and the outputs from the latches 3043 (La to 

10 Lh) with respect to the 64-bit data input to the 

received data buffer circuit 304 in one input operation. 

As can be understood from table shown in FIG. 3, 

serial bit data supplied to 87 of the register Rh of the 

registers 3042 shown in FIG. 2 is, as 8-bit parallel 

15 data, output to D7 of the latch Lh of the latches 3043. 

Serial bit data supplied to B4 of the register Rd of the 

registers 3042 is, as B-bit parallel data, output to D3 

of the latch Le of the latches 3043. 

FIGS. 4 to 12 show correspondence between the 

20 inputs to the registers 3042 (Ra to Rh) and the outputs 

from the latches 3043 (La to Lh) with respect to bit 

data in a range a among bit data in one block shown in 

FIGS. 32 to 35 in cases of frame types/rates 1600 bps 

(2-level FM: when phase "a" has been received) 1 3200 bps 

25 (2-level FM: when the pair of phases "a" and "c" has 

been received), 3200 bps (4-level FM: when the pair 

of phases "a" and "c" has been received) and 6400 bps 
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(4-level ). 

In the received data buffer circuit 304, the shift 

clock signal "b" output from the frame speed determining 

circuit 302 is supplied to each of the registers 3042, 

5 while the line selection signal "a" output from the 

level determining circuit 301 is supplied to the 

received data buffer circuit 304. The data trigger "c" 

output from the timing control circuit 303 is supplied 

to each of the latches 3043. 

10 When 2-level FM bit data has been output from the 

receiver circuit 2, the registers 3042 (Ra to Rh), which 

are input registers, fetch 64-bit data through the 

output "d". When 4-level FM bit data has been output 

from the receiver circuit 2, the registers 3042 fetch 

15 MSB (upper bi.ts) of 64-bit data through the output "d" 

and LSB {lower bits) through the output "e". 

Thus-fetched bit data is controlled by the line 

selection signal "a" output fiom the level determining 

circuit 301, the shift clock signal ''b" output from the 

20 frame speed determining circuit 302 and the data trigger 

"c" output from the timing control circuit 303 as 

follows so that bit data is output as 8-bit parallel 

data corresponding to the respective frame types/rates. 

1. In a case where the frame type is 1600 bps 

25 (2-level FM: when phase "a" has been received"): 

When bit data, the frame type of which is 1600 bps 

(2-level FM), has been fetched, the bit data 
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sequentially output from the receiver circuit 2 through 

the output "d" as W(word)Oal, Wlal, W2al, W3al, ... , in 

a direction indicated by an arrow /3 shown in FIG. 33 is, 

as shown in FIG. 4, :fetched by BO of the register 3042 

5 (Ra) to B7 of the register 3042 (Rh) in the vertical 

directional order as W(word)Oal, Wlal, W2al, W3al, ... , 

W5a8, W6a8 and W7a8. When the data trigger "c" has been 

supplied, 64 bits are, in unit of 8-bit 1 output to the 

bus line B through DO to D7 of the latches 3043 (La to 

10 Lh). 

Since 8-bit parallel data of this frame type has 

been received in a single phase, the process for 

reproducing data is completed at this time. Thus, data 

is, as it is, output to the buffer memory 4014 through 

15 the bus line "B". Then, the CPU 401 performs an error 

correction process. 

Moreover, since 8 bits X 8 columns, that is 1 

8-byte data, output from the received data buffer 

circuit 304 in one output operation uses only one phase, 

20 bit data in one block is converted into 8-bit parallel 

data for one block: by performing the foregoing operation 

four times for each 64 bits in the case shown in FIG. 32. 

2. In a case where the frame type is 3200 bps 

(2-level FM: when the pair of phases "a" and "c" has 

25 been received): 

In the case where the frame type is 3200 bps 

(2-level FM), bit data in the phases "a" and •c• is 
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multiplexed and fetched. Therefore, paralleled data is 

allowed to pass through the RDA of the RAM 403, and then 

subjected to the so-called data reproducing process in 

the deinterleaving circuit 5 so that the received data 

5 is separated for each phase. Then, reproduced data is, 

through the bus line "B", stored i.n the buffer memory 

4014, and then subjected to the error correction process 

in the CPU 401. 

As for a portion in the range a which is indicated 

10 by al, bit data sequentially output from the receiver 

circuit 2 through the output "d" as WOal, WOcl, 

15 

20 

Wlal, ... , in a direction indicated by an arrow B shown 

in FIG. 34 is, as shown in FIG. 5, fetched by BO of the 

register 3042 (Ra) to B7 of the register 3042 (Rh) in 

the vertical directional order as WOal, WOcl, Wlal, .. .. ~ t 

W6c4, W7a4 and W7c4. When the data trigger. '"c" has been 

supplied, 64 bits are, in unit of 8-bit, output to the 

bus line "B" through DO to D7 of the latches 3043 (La 

to Lh). 

As for a portion in the range a which is indicated 

by a: 2, bit data sequentially output from the receiver 

circuit 2 through the output "d" as WOa5, W0c5, 

WlaS, ... , in a direction indicated by an arrow B shown 

in FIG. 34 is, as shown in FIG. 6, fetched by BO of the 

25 register 3042 (Ra) to 87 of the register 3042 (Rh) in 

the vertical directional order as WOaS, WOcS 1 Wla5 1 " o • I 

W6cB, W7a8 and W7c8. When the data trigger "c" has been 
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supplied 1 64 bits are, in unit of 8-bit, output to the 

bus line "B" through DO to D7 of the latches 3043 (La 

to Lh). 

3. In a case where the frame type is 3200 bps 

5 (4-level FM: when the pair of phases "a" and "c" has 

been received): 

In the case where the frame type is 3200 bps 

(4-level FM), bit data in the phases "a" and "c" is 

multiplexed and fetched. Therefore, paralleled data is 

10 allowed to pass through the RDA of the RAM 403, and then 

subjected to the so-called data reproducing process in 

the deinterleaving circuit 5 so that received data is 

separated for each phase. Then, reproduced data is, 

through the bus line "B", stored in the buffer memory 

15 4014, and then subjected to the error correction process 

in the CPU 401, 

In this case, each one bit included in the phase 

"a" and the phase "c" i:s taken so that 2 bits (one 

symbol) are obtained. Therefore, serial bit data is 

20 supplied in such a manner that one bit data in the phase 

·a• and that in the phase "c", respectively are, as MSB 

and LSB, supplied in parallel to the received data 

buffer circuit 304 through the outputs d and e of the 

receiver circuit 2. 

25 Therefore, data in the LSB of one symbo1 data is 

stored in the front portion from Ra to Rd of the 

registers 3042, while data in the MSB of the same is 
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stored in the rear portion from Re to Rh. 

As for a portion in the range a which is indicated 

by al, bit data in the MSB sequentially output from the 

receiver circuit 2 through the output "d" as WOal, Wlal, 

5 W2al, ... , in a direction indicated by an arrow B shown 

in FIG.34 is, as shown in FIG. 7, fetched by BO of the 

register 3042 (Re) to B7 of the register 3042 (Rh) in 

the vertical directional order as WOal, Wlal, W2al, ... , 

W5a4, W6a4 and W7a4. When the data trigger "c" has been 

10 supplied, 32 bits are, in unit of 4-bit, output to the 

bus line "B'" through 04 to D7 of the latches 3043 {La 

to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

15 "e" as WOcl, Wlcl, W2c1, ... , in a direction indicated 

by an arrow B shown in FIG. 34 is, as shown in FIG. 7, 

fetched by BO of. the register 3042 (Ra) to B7 of the 

register 3042 (Rd) in the vertical directional order as 

WOcl, Wlcl, W2cl, .. , , W5c4, W6c4 and W7c4. When the 

20 data trigger "c" has been supplied, 32 bits are, in unit 

of 4-bit, output to the bus line "B" through DO to 03 of 

the latches 3043 (La to Lh). 

As for a portion in the range a which is indicated 

by~ 2, bit data in the MSB sequentially output from the 

25 receiver circuit 2 through the output "d" as W0a5, W0c5, 

Wla5, , ... , in a direction indicated by an arrow B 

shown in FIG.34 is, as shown in FIG. 8, fetched by BO of 
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the register 3042 (Re) to B7 of the register 3042 {Rh) 

in the vertical directional order as WOaS, W1a5, 

W2a5, ... , W5a8, W6a8 and W7a8. When the data trigger 

"c" has been supplied, 32 bits are, in unit of 4-bit, 

5 output to the bus line "B'' through D4 to D7 of the 

latches 3043 (La to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

•e• as WOcS, Wlc5, W2c5, ... , in a direction indicated 

10 by an arrow~ shown in FIG. 34 is, as shown in FIG. 8, 

fetched by BO of the register 3042 (Ra) to B7 of the 

register 3042 (Rd) in the vertical directional order as 

woes, Wlc5, W2c5, ... , W5c8, W6c8 and w7c8. When the 

data trigger "c" has been supplied, 32 bits are, in unit 

15 of 4-bit, output to the bus line "B" through DO to D3 of 

the latches 3043 (La to Lh). 

Since data of 8 bits X 8 columns, that is, 8-byte 

data, which is output from the received data buffer 

circuit 304 in one output operation uses the phases "a" 

20 and "c", bit data for one block is converted into 8-bit 

parallel data for one block by performing the foregoing 

operations by eight times for each 64-bit data as shown 

in FIG. 34. 

4. In a case where the frame type is 6400 bps 

25 (4-level FM): 

In the case where the frame type is 6400 bps 

( 4-level FM), all of the phase "a", phase "b", phase "c" 
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and phase "d" are multiplexed and fetched. Therefore, 

paralleled data is allowed to pass through the RDA of 

the RAM 403, and then subjected to the so-called data 

reproducing process in the deinterleaving circuit 5 so 

5 that received data is separated for each phase. Then, 

reproduced data is, through the bus line •e•, stored in 

the buffer memory 4014, and then subjected to the error 

correction process in the CPU 401. 

In the case of 6400 bps (4-level FM), each one bit 

10 included in the phase "a" and the phase "b" is taken so 

that 2 bits (one symbol) are obtained. Moreover:, each 

one bit included in the phase "c" and the phase "d" is 

taken so that 2 bits (one symbol) are obtained. 

Therefore, serial bit data is supplied in such a manner 

15 that one bit data in the phase "a" and that in the phase 

"c", are, MSB, and that in the phase "b" and that in the 

phase "d" are, as LSB I supplied through the outputs "d ·• 

and "e" of the receiver circuit 2. 

'l'herefore, data in the LSB of one symbol data is 

20 stored i.n the front portion from Ra to Rd of the 

registers 3042, while data in the MSB of the same is 

stored in the rear portion from Re to Rh. 

As for a portion in the range o which is indicated 

by a 1, bit data in the MSB sequentially output from the 

25 receiver circuit 2 through the output "d" as WO al, WOc 1 1 

Wlal 1 ••• , in a direction indicated by an arrow {:3 shown 

in FIG. 35, is 1 as shown in FIG. 9, fetched by BO of 
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the register 3042 (Re) to B7 of the regis~er 3042 (Rh) 

in the vertical directional order as WOal, WOcl, 

Wlal, ... , W6c2 1 W7a2 and W7c2. When the data trigger 

•c" has been supplied, 32 bits are, in unit of 4-bit, 

5 output to the bus line "B" through D4 to D7 of the 

latches 3043 (La to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

"e" as WObl, WOdl, Wlbl, ... , in a direction indicated 

10 by an arrow B shown in FIG. 35 is fetched by BO of the 

register 3042 (Ra) to B7 of the register 3042 (Rd) in 

the vertical directional order as WObl, WOdl, Wlbl, ... , 

W6d2, W7b2 and W7d2. When the data trigger "c" has been 

supplied, 32 bits are, in unit of 4-bit, output to the 

15 bus line "B" through DO to D3 of the latches 3043 (La 

to Lhi. 

As for a portion in the range a which is indicated 

by a 2, bit data in the MSB sequentially output from the 

receiver circuit 2 through the output "d" as W0a3, W0c3, 

20 Wla3, , .. , in a direction indicated by an arrow {3 shown 

in FIG .. 35, is, as shown in FIG. 10, fetched by BO of 

the register 3042 (Re) to B7 of the register 3042 (Rh) 

in the vertical directional order as W0a3, WOcJ, 

Wla3, ... , W6c4, W7a4 and W7c4. When the data trigger 

25 "c" has been supplied, 32 bits are, in unit of 4-bit, 

output to the bus line ·e· through D4 to D7 of the 

latches 3043 [La to Lh). 
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Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

•e• as W0b3, W0d3, Wlb3, ... , in a direction indicated 

by an arrow fJ shown in FIG. 35 is fetched by BO of the 

5 register 3042 (Ra) to B? of the register 3042 (Rd) in 

the vertical directional order as WOb3 1 WOdJ, Wlb3, ... , 

W6d4, W7b4 and W7d4. When the data trigger "c" has been 

supplied, 32 bits are, in unit of 4-bit, output to the 

bus line "B '' through DO to D3 of the latches 3043 ( La 

10 to Lh}. 

As for a portion in the range a which is indicated 

by a 3 1 bit data in the MSB sequentially output from the 

receiver circuit 2 through the output "d" as W0a5, WOc5, 

Wla5, ... , in a direction indicated by an arrow B shown 

15 in FIG. 35, is, as shown in FIG. 11, fetched by BO of 

the register 3042 (Re) to 87 of the register 3042 (Rh) 

in the vertical directional order: as WOa5, W0c5, 

Wla5, ... , W6c6, W7a6 and W7ct. When the data trigger 

"c" has been supplied, 32 bits are, in unit of 4-bit, 

20 output to the bus line "B" through D4 to D7 of the 

latches 3043 (La to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

"e" as W0b5, W0d5, Wlb5, ... , in a direction indicated 

25 by an arrow~ shown in FIG. 35 is fetched by BO of the 

register 3042 (Ra) to B? of the register 3042 (Rd) in 

the vertical directional order as WObS, WOdS, Wlb5, ... , 
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W6d6, W7b6 and W7d6. When the data trigger •c» has been 

supplied, 32 bits are, in unit of 4-bit, output to the 

bus line "B" through DO to D3 of the latches 3043 (La 

to Lh). 

5 As for a portion in the range a which is indicated 

by a 4, bit data in the MSB sequentially output from the 

receiver circuit 2 through the output "d" as WOa7, W0c7, 

Wla7, ... , in a direction indicated by an arrow B shown 

in FIG. 35, is, as shown in FIG. 12, fetched by BO of 

10 the register 3042 {Re) to B7 of the register 3042 (Rh) 

in the vertical directional order as W0a5, woes, 

Wla5, ... , W6c6, W7a6 and W7c6. When the data trigger 

"c" has been supplied, 32 bits are, in unit of 4-bit, 

output to the bus line ·e• through • 4 to D7 of the 

15 latches 3043 {La to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

"e" as W0b7, W0d7, Wlb7, ... , in a direction indicated 

by an arrow B shown in FIG. 35 is fetched by BO cf the 

20 register 3042 (Ra) to 87 of the register 3042 (Rd) in 

the vertical directional order as WOb7, WOd7, Wlb7, ... , 

W6dB, W7bB and W7d8. When the data trigger "c" has been 

supplied, 32 bits are, in unit of 4-bit, output to the 

bus line "B" through DO to D3 of the latches 3043 (La 

25 to Lh). 

Since data cf 8 bits X 8 columns I that is, 8-byte 

data, which is output from the received data buffer 
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circuit 304 in one output operation uses all of the 

phases "a", "b", "c" and "d", bit data for one block is 

converted into 8-bit parallel data for one block by 

performing the foregoing operation by 16 times for each 

5 64 bits as shown in FIG. 32. 

The deinterleaving circuit 5 will now be described. 

The deinterleaving circuit 5 is separately provided from 

the decoder section 3 and controlled by the CPU 401 to 

reproduce the received interleaved block structure 02 in 

10 accordance with the received frame type so as to output 

the reproduced interleaved block structure D2 to the 

buffer memory 4014. 

FIG. 14 is a block diagram showing an example of 

the structure of the deinterleaving circuit 5. The 

15 deinterleaving circuit 5 shown in FIG. 14 comprises 

shift registers 501A, 501B, 501C and 501D, rearranging 

circuits 502, 503 and 504 and a selector circuit 505. 

Each of the shift registers 501A, 501B, 501C and 

501D has a memory, the capacity of which is B bits, and 

20 receives data from the selector circuit 505 in unit of 

8-bit. The shift registers 501A and 5018 have output 

terminals connected to addresses D and l of the 

rearranging circuit 502 and to addresses 4 and 5 of the 

rearranging circuit 504. The shift registers 501C and 

25 501D have output terminals connected to addresses 2 and 

3 of the rearranging circuit 503 and to addresses 6 and 

7 of the rearranging circuit 504. 
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The selector circuit 505 has an output terminal 

connected to the shift registers 501A, 501B, 501C and 

5010 and arranged to determine a rearranging circuit by 

selecting the address, to which data is input, the 

5 selection being performed under control of the CPU 401. 

The selector circuit 505 output data supplied from the 

RDA to each shift register corresponding to th€~ output 

of the rearranging circuit. 

The rearranging circuit 502 treats data, the frame 

10 type of which is 3200 bps (2-level FM), such that it 

fetches 1-byte data from each of the shift registers 

501A and 501B to rearrange 2-byte data. 'I'hen, the 

rearranging circuit 502 sequentially output, to the bus 

line "B", reproduced data in unit of 1-byte, that is, in 

15 unit of 8-bit, in the total sum of 2 bytes. 

The rearranging circuit 503 treats data, the frame 

type of which is 3200 bps (4-level FM), such that it 

fetches I-byte data from each of the shift registers 

501C and 501D to rearrange 2-byte data. Then, the 

20 rearranging circuit 503 sequentially output, to the bus 

line "B", two type data in unit of I-byte, that is, in 

unit of 8-bit. 

The rearranging circuit 504 treats data, the frame 

type of which is 6400 bps (4-level FM), such that it 

25 fetches 1-byte data from each of the shift registers 

501A, 501B, 501C and 501D to rearrange 4-byte data to 

sequentially output 4-byte reproduced data in unit of 
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1-byte, that is, in unit of 8-bit, to the bus line "B". 

The operation of the deinterleaving circuit 5 will 

now be described. FIGS. 15 to 17 are diagrams 

respectively showing the rearranging operations of the 

5 rearranging circuits 502, 503 and 504 provided to 

correspond to the frame types/rates. Referring to 

FIGS. 15 to 17, a portion of 8-bit data RD, stored in 

the shift registers 501A to 501D so as to be rearranged 

and output, which corresponds to four bits including DO 

10 to D3 of the input data WR is referred to LSB, while a 

portion corresponding to four bits including D4 to D7 is 

referred to MSB. 

1. In the case of 3200 bps {2-level FM): 

As shown in r'IG. 15 1 the rear.ranging circui.t 502 is 

15 supplied with 8-bit data (DO to D7) stored in the shift 

register 501A and B-bit data (DO to D7) stored in the 

shift register 501B by two supplying operations. Then, 

the rearranging operation is performed such that four 

odd-order bits (00 1 D2, D4 and D6) of 8-bit data 

20 supplied to address l are rearranged to LSB of address 1 

and four even-order bits (Dl, DJ, D5 and D7} are 

rearranged to LSB of address O so as to be reproduced 

and output to the bus line "B". 

On the other hand, four odd-order bits (DO, D2, D4 

25 and D6) of 8-bit data supplied to address Oare 

rearranged to MSB of address O and four even-order bit~ 

(Dl, 03, D5 and 07) are rearranged to MSB of address l 
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so as to be reproducing and output to the bus line "B". 

As described above, the rearranging circuit 502 is 

able to reproduce 16-bit (8 bits X 2) data. 

2, In the case of 3200 bps (4-level FM): 

As shown in FIG. 16, the rearranging circuit 503 is 

supplied with 8-bit data (DO to D7) stored in the shift 

register 501C and 8-bit data (DO to D7) stored in the 

shift register 501D by two supplying operations. Then, 

the rearranging operation is performed such that MSB (D4r 

10 D5r D6 and D7) of 8-bit data supplied to address 2 are 

rearranged to MSB of address 2 and LSB (DO, Dl, D2 and 

DJ) are rearranged to MSB of address 3 so as to be 

reproduced and output to the bus line "B". 

On the other hand, MSB (D4, D5, D6 and D7) of 8-bit 

15 data supplied to address 3 are rearranged to LSB of 

address 2 and LSB (DO, Dlr D2 and D3) are rearranged to 

LSE of address 3 so as to be reproduced and output to 

the bus line "B". 

20 

3. In the case of 6400 bps (4-level FM): 

Addresses 4, 5, 6 and 7 of the rearranging circuit 

504 are, as shown in FIG. 17, supplied with B-bit data 

(DO to 07) respectively stored in the shift registers 

501A to 501D in four supplying operations, When the 

rearranging operation is performed, D5 and D7 in the MSB 

25 portion are fetched from input 8-bit data in each of 

addresses 4f 5, 6 and 7. Then, each of 2-bit data is 

assigned from LSB portion of address 4 which is output 
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to the bus line •e• so that 8-bit data at address 4 is 

formed. 

Similarly, D4 and D6 in the MSB portion are fetched 

from input 8-bit data in each of addresses 4, 5, 6 and 7. 

5 Then, each of 2-bit data is assigned from LSB portion of 

address: 5 which is output to the bus line "B" so that 

8-bit data at address 5 is formed, 

Similarly, D3 and Dl in the LSB portion are fetched 

from input B-bit data in each of addresses 4 1 5, 6 and 7, 

10 Then, each of 2-bit data is assigned from LSB portion of 

address 6 which is output to the bus line "B" so that 

8-bit data at address 6 is formed, 

Similarly, D2 and DO in the LSB portion are fetched 

from input 8-bit data in each of addresses 4, 5, 6 and 7. 

15 Then, each of 2-bit data is assigned from LSB portion of 

address 7 which is output to the bus line "B" so that 

8-bit data at address 7 is formed. 

As described above, the rearranging circuit 504 

is able to reproduce 6400 bps (4-level FM) 32-bit 

20 (8 bits X 4) of 8-bit parallel data. 

The address comparison circuit 6 will now be 

described. FIG. 18 is a circuit diagram showing an 

example of the internal structure of the address 

comparison circuit 6. The address comparison circuit 6 

25 has, for example, an address register 601 for previously 

storing the own address data (21 bits), a comparison 

circuit 602 for comparing received/reproduced address 
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data with address data which is stored in the address 

register 601 and a shift register 603 for outputting, to 

the bus line "B", an 8-bit coincidence signal "f", which 

is a result of the comparison performed by the 

5 comparison circuit 602. 

The operation will now be described. The address 

field (AF)C5 of data reproduced by the deinterleaving 

circuit 5 has formatted address data which must be 

compared and collated with address data previously 

10 stored in the own pager. 

When the comparison circuit 602 has 1 in unit of 

8-bit, fetched data (data structure in the reproduced 

address field (AF)CS) supplied from the bus line •e• and 

which is a subject of comparison, the comparison circuit 

15 602 compares the fetched data and address data supplied 

from the address register 601 (by using, for example, an 

EXOR circuit). By totaling the result of the comparison 

of each bit, a final result of the comparison is 

obtained (by using, for example, a NOR circuit). The 

20 result of the comparison is output to the shift register 

603. The shift register 603 sequentially fetches the 

results of the comparison from the comparison circuit 

602 so that the 8-bit coincidence signal "f" denoting 

the comparison result of the 8-byte address is output. 

25 The overall operation of the circuit for receiving 

and reproducing data according to the first embodiment 

will now be described. FIGS. 19 to 22 are flow charts 
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of the main operation of the pager. FIG. 23 is a flow 

chart of the operation of the deinterleaving circuit 5. 

The main operation of the pager will now be 

described. FIGS. 19 to 22 are flow charts of the 

5 operations of the CPU 401 and the decoder section 3 to 

be performed from a moment at which the power source of 

the pager has been turned on to a moment of completion 

of an operation for receiving data for one frame wherein 

the operations of the CPU 401 and the decoder section 3 

10 are linked to each other. Note that the operation of 

the decoder section 3 is described as step R ... and that 

of the CPU 401 is described as step C .... 

When a predetermined number of bit data has been 

stored in the RDA of the RA.i"'! 403 1 which can be 

15 reproduced by the deinterleaving circuit 5 and CPU 401 

has detected the timing at which the deinterleaving 

circuit 5 can perform a reproducing process, the CPU 401 

always output data to the deinterleaving circuit 5 

through the bus line "B". The CPU 401 fetches data from 

20 the decoder section 3 to write this data to the RDA and 

performs an operation for correcting an error of data 

one preceding block stored in the buffer memory 4014 so 

as to read the contents. 

Therefore, if address data included in the received 

25 address field (AF)CS has been determined to be non

coincidence on the basis of the coincidence signal 

supplied from the address comparison circuit 6 1 control 
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is performed such that the operations of the decoder 

section 3 and the receiver circuit 2 are interrupted. 

Referring to FIGS. 19 to 22, data receiving and 

reproducing processes will now be described. When the 

5 CPU 401 has detected at step Cl that the electric power 

has been supplied by the operation of a power supply 

switch (not shown), the CPU 401 allows electric power to 

be supplied to the respective circuit sections connected 

to the CPU 401 and initializes the sections. At this 

10 time, also the operation of the decoder section 3 is 

started when the initializing operation has been 

performed so that control data for controlling the 

received data buffer circuit 304 corresponding to each 

frame pattern is set to the frame speed determining 

15 circuit. 302 and the level determining circuit 301. Then, 

the decoder section 3 is brought into a standby state at 

the frequency band and the phase set by ID-ROM (steps Rl 

and R2). In this standby state, the CPU 401 starts an 

internal timer {not shown) to perform intermittent 

20 reception in a period from 1.875 seconds (one frame) to 

10 seconds at intervals of 30 seconds for two minutes 

until synchronization is detected when the 

synchronization 1 (Sl)Cl of the synchronizing signal 

portion Dl is received (step CJ). Then, synchronization 

25 detection is performed by receiving the synchronization 

1 (Sl)Cl until a predetermined time has been elapsed 

(steps C4 and C6). 
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If synchronization has been detected, the operation 

proceeds to step CS so that the timer is reset, and 

frame pattern data set by the synchronization 1 (Sl)Cl 

is stored in the buffer memory 4011. If no 

5 synchronization is detected in two minutes and the lapse 

of the predetermined time has been confirmed, the pager 

is moving or stays in an area outside the service zone. 

Therefore, the operation proceeds to step C7 in which 

the fact that the pager exists outside the service zone 

10 is displayed on display unit 7. Moreover, an out-of

zone notification interruption signal for interrupting 

out-of-zone notification, which is output by the 

notifying portion 8 when the pager exists outside the 

zone, is output. 

15 When the decoder section 3 has received the 

synchronization l (Sl)Cl, the decoder section 3 fetches 

it and causes the level determining circuit 301 to store 

data included in frame pattern data set by the 

synchronization 1 (Sl)Cl and relating to the modulation 

20 method (step R3). Moreover, the decoder section 3 

causes the frame speed determining circuit 302 ta store 

data included in the frame pattern data set by the 

synchronization l (Sl)Cl and relating to the frame speed 

(step R4). The received frame pattern data is also 

25 output to the CPU 401. 

The decoder section 3 continues the intermittent 

reception at steps R2, RJ and R6 until the out-of-zone 
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notification interruption signal is received by the CPU 

401 at step C7. When the out-of-zone notification 

interruption signal has been received, the operation 

proceeds to step R7 in which the operation of the 

5 receiver circuit 2 is interrupted. 

After step R4 has been performed, the decoder 

section 3 receives frame information (Fl)C2 at step RS, 

and then output, to the CPU 401, the received cycle 

number, the received frame number and this timing 

10 information for obtaining the own frame from the frame 

information (Fl)C2. The CPU 401, at step C8 1 recognizes 

the position of the own frame in accordance with the 

frame information 42B (FI) and timing information 

supplied from the decoder section 3 to interrupt 

15 operation of the receiver circuit 2 to the timing for 

the own frame comes. The process at step CB is 

continued to the timing for the frame precedes to the 

own frame by one ( step C9). The control cf interrupting 

the operation of the receiver circuit 2 is pEirformed by 

20 the decoder section 3 under control of the CPU 401 (step 

R8). The process at step R8 is repeatedly performed 

until a re-drive signal is input (step R9). 

If the frame ti.ming 1 which i.s preceding to the own 

frame by one, is detected at step C9, the CPU 401 

25 re-drives the decoder section 3 at step ClO. When the 

decoder section 3 is instructed to re-drive from the 

CPU 401 (step R9), it re-drives the decoder section 3 
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(step RlO) in which the decoder section 3 waits for 

input of a re-drive control signal for the receiver 

c:ircui t 2 from the CPO 401 ( step Rll) . When the 

re-drive control signal for the receiver circuit 2 has 

5 been supplied from the CPU 401, the receiver circuit 2 

is re-driven at step R12. 

The CPU 401 re-drives the decoder section 3 (step 

ClO), and then 1 at step Cll, sets address data read from 

the ID-ROM of the ROM 402 to the address register of the 

10 address comparison circuit 6. At step Cl2, the CPU 401 

determines an output timing of the final block of the 

frame, which is preceding to the own frame by one. When 

the timing of the final block has been detected, the CPU 

401 outputs an operation control signal to the receiver 

15 circuit 2 (step Cl3). 

When the receiver circuit 2 has been re-driven, the 

decoder section 3 establishes synchronization by the 

synchronization 1 (Sl)Cl of the own frame received at 

step R13. Moreover, the decoder portion 3 causes the 

20 level determining circuit 301 to store data among frame 

pattern data of the own frame relating to the modulation 

method and that relating to the frame speed (step Rl6), 

Simultaneously, the received frame pattern data is also 

output to the CPU 401. 

25 Then, the decoder section 3 fetches, decodes and 

outputs frame information (Fl)C2 at step R14. Since the 

frame type data is, at step Rl3, also output to the CPU 
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401, the CPU 401 causes the buffer memory 4011 to 

re-store the frame type data at step Cl4. At step CJ.5, 

whether or not the frames coincide with each other is 

determined in accordance with the decoded frame 

5 information (Fl)C2. If non-coincidence is detected, the 

operation returns to step C8 in which frame timing, 

which is preceding to the own frame by one, is waited 

for. If coincidence is detected, the operation proceeds 

to step C16 in which the own frame is confirmed, 

10 continuous reception is controlled and the address of 

the rearranging circuit :i.s determined by the 

deinterleaving circuit 5. 

The decoder section 3 outputs frame information 

(Fl)C2 to the CPU 401 at step R14, and then, at step RlS, 

15 waits for input of an interruption signal which is 

generated when the frame non-coincidence is detected. 

If the interruption signal has been supplied, the 

operation returns to step RB in which the operation of 

the receiver circuit 2 is interrupted. If the 

20 interruption is not supplied, the operation proceeds to 

step R16. At step R16, the synchronization 2 (S2)C3 is 

received, and then the timing control circuit 303 

confirms synchronization of the reception of the 

interleaved block structure D2 and performs fine 

25 adjustment. At step Rl7, received data is rearranged by 

the received data buffer circuit 304 so that the 

rearranged data is output as 8-bit parallel data. 
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Then, the operation proceeds to step R18 in which block 

information (BI)C4, address field {AF)CS and vector 

field (VF)C6 set by the synchronizing signal portion D1 

are input and the reception is continued. 

5 At step Cl6f the CPU 401 also performs a process 

for supplying a selection control signal for selecting 

any one of the rearranging circuits 502, 503 and 504 

which is to be connected to the selector circuit 505 of 

the deinterleaving circuit 5 in accordance with the 

10 frame type of the subject frame by determining the 

address to be employed (the operation proceeds to step 

Dl shown in FIG. 23). 

After the operation at step Cl6 has been completed, 

the CPU 401 determines at step C17 whether or not the 

15 received frame type is 1600 bps ( 2-level FM). If the 

frame type is 1600 bps (2-level FM), the operation 

proceeds to step S38 in which the start word of the 

address field {AF)CS is read from the block information 

(BIJC4 so as to be stored in the buffer memory 4013. 

20 Then, the operation proceeds to step CJ9, 

If a determination has been performed at step C17 

that data is output with a frame type except 1600 bps 

(2-level FM), the operation proceeds to step Cl8 in 

which received data is sequentially stored in the RDA of 

25 the RAM 403 until the number of bits of data is stored 

to permit the reproducing process to be performed and 

the timing of the reproducing process comes (step C19). 
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When a determination has been performed that the number 

of bits of data, which permits the reproducing process 

can be performed, has been stored and the timing of the 

reproducing process has come, the operation proceeds to 

5 step C20 in which data is read from the RDA to supply 

data to the deinterleaving circuit 5. Thus, the 

deinterleaving circuit 5 starts performing the process 

for reproducing data (refer to step D4 shown in FIG. 23). 

The operation of the deinterleaving circuit 5 shown 

10 in FIG. 23 will now be described. At step Dl, the 

selector c:i.rcuit 505 determines the address of the 

rearranging circuit for storing 8-bit data in accordance 

with the selection control signal for the rearranging 

circuit determined at step C16. Then, an operation for 

15 waiting for input of 8-bit parallel data starts (step 

D2), If input of 8-bit parallel data has been confirmed 

at step DJ, the operation proceeds to step D4 in which 

the input 8-bit parallel data are sequentially stored in 

the shift register 501 (A to D). Then, 8-bit parallel 

20 data are output to the address of the rearranging 

circuits from the respective shift registers at step D5 

as described with reference to FIGS. 15 to 17. Data 

reproduced by each of the rearranging circuits is, at 

step D6, again output to the bus line nB•. After the 

25 reproducing process at step D6 has been completed, 

operations at steps C21, C25 and C35 are performed. 

After the reproducing process at step D6 has been 
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completed, the CPU 401 stores this data in the buffer 

memory 4014 to subject the same to the error correction 

process. At step C21, the start word of the address 

field (AF)CS is read in accordance with the block 

5 information (BI)C4 to store it in the buffer memory 4013. 

Then, the operation proceeds to step C22. 

At step C22, the CPU 401 stores the received data 

in the RDA of the RAM 403. At step C23, the CPU 401 

determines whether a predetermined number of bits of 

10 data, which permits the reproducing process can be 

performed, has been stored and the timing of the 

reproducing process has come. If the storage of the 

predetermined number bits of data and the reproducing 

timing are confirmed at step C23, the received data are 

15 sequentially read from the RDA so as to be output to the 

deinterleaving circuit 5, at step C24. When data has 

been supplied to the deinterleaving circuit 5 through 

the bus line •e», the deinterleaving circuit 5 

reproduces data, the frame type of which is that except 

20 1600 bps (2-level FM) and are stored in the shift 

register 501 (A to D) at step D3. 

Then, when the reproduced data is fetched from the 

deinterleaving circuit 5 through the bus line "B'', the 

CPU 401 stores this data in the buffer memory 4014 to 

25 subject the same to the error correction process. Then, 

the CPU 401 outputs address data included in the address 

field (AF)C5 to the address comparison circuit 6 (step 
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C25). At this time, the address comparison circuit 6 

compares the received address data fetched through the 

bus line ~•BtJ at the timing of the data trigge.r !,cu with 

the address data in the address register 601. Then, the 

5 coincidence signal "f" denoting the coincidence or mm

coincidence is output to the CPU 401. 

The CPU 401 instructs the decoder section 3 to 

fetch data. If the CPU 401 has detected coincidence of 

addresses because it has received the coincidence signal 

10 "f" from the address comparison circuit 6 at step C26, 

the operation proceeds to step C28. If the coincidence 

of addresses is not detected, the operation proceeds to 

step C27 in which the CPU 401 outputs an interruption 

signal to the decoder section 3. When the interruption 

15 signal has been supplied to the decoder section 3 from 

the CPU 401, the operation returns to step RB in which 

the operation of the receiver circuit 2 is interrupted. 

If the coincidence signal ''f" is not supplied, the 

operation proceeds to step R20. At steps R20 and R21, 

20 reception is continued until the interruption signal is 

received from the CPU 401. 

At step C28 1 data of vector field (VF)C6 is read 

from the RDA following thr:, address field (AF)C5 so that 

the start word and the number of words in the message 

25 field (MF)C7 a:r.e determined. At step C29, a process for 

interrupting the operation of the receiver circuit 2 

until the start word of own message data appears is 
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performed. When the interruption control starts, only 

own message data can be fetched in accordance with the 

determined start word. Since the decoder section 3 

receives the interruption signal at step R21, the 

5 decoder section 3 interrupts the operation of the 

receiver circuit 2 at step R22 and the above-mentioned 

state is maintained until the re-drive signal is 

received. 

When the CPU 401 has confirmed the timing for 

10 receiving the start word of own message data at step C30, 

the CPU 401 outputs the re-drive signal to the decoder 

section 3 at step C31 in order to re-drive the receiver 

circuit 2. Thus, the receiver circuit 2 receives data. 

At step C32, the CPU 401 sequentially stores received 

15 data in the RDA through the decoder section 3. When 

the decoder section 3 has received the above-mentioned 

re-drive signal output at step C31 {step R23), the 

receiver circuit 2 is re-driven (step R24). 

After data storage in the RDA has been started at 

20 step C32, the CPU 401 determines at step C23 whether a 

predetermined number of bits of data, which permits the 

reproducing process can be performed, has been stored 

and the timing of the reproducing process has come. If 

the storage cf the predetermined number bits of data and 

25 the reproducing timing are confirmed at step C32 1 the 

received data (message data) are sequentially read from 

the RDA so as to be output to the deinterleaving circuit 
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5, at step C35. When the deinterleaving circuit 5 

performs the data reproducing process, data in the next 

block is stored in the RDA. Then, the operation 

proceeds to step C35. 

When data reproduced by the deinterleaving circuit 

5 has been output to the bus line ~e• 1 idle blocks 

(IB)C8 is detected at step C35. When the idle blocks 

(IB)C8 is detected, an interruption signal is output to 

the decoder section 3 in order to interrupt the 

10 operation of the receiver circuit 2 to the timing for 

receiving the own frame. In order to control the 

reception notification at step C37, the CPU 401 causes 

the notifying section 8 to notify the reception and 

reproduces and displays a message in accordance with the 

15 received own message data, and then the operation 

returns to step C9. Thus, the CPU 401, at step C9, 

waits for the timing of the frame, which precedes to the 

own frame by one. When the receiver circuit 2 has been 

re-driven at step R24, the decoder section 3 continues 

20 the reception operation until the operation is 

interrupted by the CPU 401 at step CJ6 (steps R25 and 

R26), When the interruption signal has been received at 

step R26, the operation proceeds to step R27 in which 

the operation of the receiver circuit 2 is interrupted. 

25 Then, the decoder section 3 completes the receiving 

operation. 

Thus, the operations of the CPU 401 and the decoder 
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section 3 have been described so that they are linked 

to each other to receive data with the frame pattern 

except 1600 bps (2-level FM} in accordance with a result 

of the determination performed at step Cl7. If the 

5 frame type of the received data is determined as 

1600 bps (2-level FM) at step C17, the receiving 

operation, which is performed by the CPU 401 1 is shifted 

to step C38 in which an operation, in which the 

reproducing operation is not performed, is started. 

10 At step C38, the block information (BI)C4 is 

fetched into the buffer memory 4014 so as to be 

subjected to the error correction process. Then, the 

start word of the address field (AF)CS is stored. The 

CPU 401, at step C39, outputs address data, which is 

15 stored in the address field (AF)CS, to the address 

comparison circuit 6. Thus 1 the address comparison 

circuit 6 compares the received address data fetched 

through the bus line "'B" at the timing of the supplied 

data trigger "c" with the address data in the address 

20 register 601. Then, the address comparison circuit 6 

outputs the coincidence signal ttf" to the CPU 401. 

When the CPU 401 has detected the coincidence 

signal "f" denoting the coincidence of the addresses 

supplied from the address comparison circuit 6 at step 

25 C40, the CPU 401 shifts the operation to step C41. 

If the coincidence signal "f• is not detected, the 

CPU 401 shifts the operation to step C27 in which 
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an interruption signal is output to the decoder 

section 3. When the decoder section 3 has received the 

interruption signal from the CPU 401, the operation 

returns to step R8 in which the operation of the 

5 receiver circuit 2 is interrupted. If the coincidence 

signal "f" is not detected, the operation proceeds to 

steps R20 and R21 in which reception is continued until 

the interruption signal is supplied from the CPU 401. 

At step C41, data of the vector field (VF)C6 is, 

10 following the address field (AF)CS, supplied from the 

receiver circuit 2 so that the start word of own message 

data and the number of words in the message field (MF)C7 

are determined. At step C42, control is performed such 

that the operation of the receiver circuit 2 is 

15 interrupted until the start word of own message data is 

detected. When the interruption control has started, 

only own message can be fetched in accordance with the 

determined start word. Since the decoder section 3 

receives the interruption signal at step R21, it 

20 interrupts the operation of the receiver circuit 2 at 

step R22 and maintains this state until the re-drive 

signal is supplied. 

When the CPU 401 has confirmed timing for receiving 

the start word of own message data at step C43, the CPU 

25 401 outputs the re-drive signal to the decoder section 3 

in order to re-drive the receiver circuit 2 (step C44). 

Thus, the receiver circuit 2 receives data, and the CPU 
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401 sequentially reads own message data in unit of 8-bit 

(step C45) and detects the idle blocks {IB)C8 (step C46). 

When the re-drive signal output at step C31 has been 

supplied at step R23, the decoder section 3 re-drives 

5 the receiver circuit 2 (step R24). 

If the idle blocks (IB)CB has been detected at step 

C45, an interruption signal is output to the decoder 

section 3 in order to interrupt the operation of the 

receiver circuit 2 to the timing for receiving a next 

10 own frame (step C36). The CPU 401, at step C37, causes 

the notifying section 8 to perform the notification 

process and reproduces and displays the message in 

accordance with the received message data in order to 

control notification of reception. 1'hen, the CPU 401 

15 returns the operation to step C9. As described above, 

the CPU 401, at step C9, waits for timing for the frame, 

which is preceding to the own frame by one. After the 

receiver circuit 2 has been re-driven at step R24, the 

decoder section 3 continues the receiving operation 

20 until the operation is interrupted by the CPU 401 at 

step C36 (steps R25 and R26). When the interruption 

signal has been received at step R26, the operation 

proceeds to step R27 in which the operation of the 

receiver circuit 2 is interrupted. Then, the decoder 

25 section 3 completes the receiving operation. 

As described above, according to the first 

embodiment, when information (synchronization l (Sl)Cl) 
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indicating the frame type has been received, the frame 

type of the data is determined. In accordance with the 

determined frame type, a suitable rearranging circuit is 

selected from the plural rearranging circuits. 

5 Therefore, load distribution to the hardware and 

software can be balanced. As a result, the size of the 

circuit a.nd the load of the CPU can be reduced. 

(Second Embodiment) 

The first embodiment has the structure such that 

10 the data receiving operation .is performed by the CPU 401 

as follows. When a predetermined number of data bits 

have been stored in the RDA in the RAM 403, which can be 

reproduced and the timing for performing the reproducing 

process comes, a suitable rearranging circuit is 

15 selected from the plural rearranging circuits in the 

deinterleaving circuit 5 in accordance with the frame 

type of the received data. The addresses of the data 

reproduced by the selected rearranging circuit are 

subjected to a comparison processing. If the 

20 coincidence is detected, own data of the message field 

is fetched so that the reproducing process is performed. 

However. 1 according to the f.i.r.:st embodiment, the CPU 

401 controls the data transfer among the RAM 403, the 

deinterleaving circuit 5 and the address comparison 

25 circuit 6, complicated control of data transfer is 

required in addition to the main operation for 

reproducing data. Therefore, there sometimes arises 
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a problem in that the data processing rate is lowered. 

Accordingly, a pager according to a second 

embodiment is provided wi.th a Dfl'J.A (Di.rect Memory Access) 

circuit 11. Thus, when the CPU 401 performs the data 

5 receiving operation, as shown in FIG. 30, the DY.A. 

circuit 11 controls data transfer among the CPU 401, the 

RAM 404 1 the deinterleaving circuit 5 and the BCH 

decoder 10 for performing the error correction process. 

Thus, load which must be borne by the CPU 401 for 

10 transferring data is intended to be reduced. 

15 

Referring to FIGS. 24 to 32, the second embodiment 

of the present invention will now be described. In the 

second embodiment, the data structure C and the block 

structure D shown in FIG. 32 are employed. 

· FIG. 24 ls a block diagram showing the structure of 

circuits in the pager which is the second embodiment of 

the data receiving apparatus according to the present 

invention. The same elements as those of the pager 

according to the first embodiment and shown in FIG, 1 

20 are indicated by the same reference numerals and the 

same elements are omitted from description. 

The pager according to this embodiment comprises 

the antenna 1, the receiver circuit 2, the decoder 

section 3, the control section 4, the deinterleaving 

25 circuit 5, the address comparison circuit 6, the display 

unit 7, the notifying section 8, the power supply 

circuit 9, the BCH decoder 10, the DMA circuit 11 and 
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a key input section 12. 

The control section 4 controls the overall 

operation of the pager in accordance with a control 

program stored in the ROM 402 and comprises the CPU 401, 

5 the ROM 402 and a RAM 404. The CPU 401 has the buffer 

memory 4011 for temporarily storing the frame pattern 

read from, for example, the synchronization l (Sl)Cl, 

the buffer memory 4012 for temporarily storing data 

(cycle number, frame number and number of plural output 

10 operations) read from the frame information (Fl)C2, the 

buffer memory 4013 for storing the block information 

(BI)C4 and data read from the vector field (VF)C5 (the 

start word of the own message data and the number of 

words of message data in the address field (AF)r the 

15 vector field (VF) and the message field (MF)) and the 

clock generator 4015 for generating clocks for use to 

adjust the timing of the receiving process and the like. 

The CPU 401 controls circuit sections connected to the 

CPU 401 by using the data contained in one frame and the 

20 1 • 
CJ..OCKS. 

The RAM 404, as shown in FIG. 25, has a work area 

WA for enabling the CPU 401 to be operated, a memory 

area BDM (Block Data Memory) which is used to reproduce 

the received data and so that 11-block addresses of the 

25 received data for one frame supplied from the decoder 

section 3 at the time of performing the receiving 

operation are assigned in unit of block, and a memory 
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area .M.1'ffi for storing the received message data. 

The BDM stores data for one frame, which is bei.ng 

received and reproduced, by assigning the address. 

Data thus-stored is, under control of the DMA 

5 circuit 11, to be described later, output to the 

deinterleaving circuit 5. Data reproduced by the 

deinterleaving circuit 5 is re-stored in the same 

storage address, and then output so as to be subjected 

to an error correction process in the BCH decoder 10. 

10 In a case where the block data includes an address 

field, data subjected to the error correction process in 

the address comparison circuit 6 is again output so as 

to be subjected to a comparison of the address data is 

then subjected to the address comparison process. If 

15 the coincidence is detected, data is re-stored in the 

same address. If the non-coincidence is detected, dat.a 

is not stored in the DBM and deleted. 

The BCH decoder 10 corrects an error ~n data by 

using a 10-bit BCH code and even-number parity bits 

20 included in data for one block reproduced by the 

deinterleaving circuit 5, and then output the error bit 

number to the CPU 401. 

The DMA (Direct Memory Access) circuit 11 controls 

data transfer among the CPU 401, the RAM 404, the 

25 deinterleaving circuit 5, the address comparison circuit 

6 and the DMA circuit 11 through the bus line "E". 

The key input section 12 is composed of a main 
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switch, cursor keys and memory keys to output signals 

denoting the operations of the key operations to the 

CPU 401. 

The overall operation of the second embodiment will 

5 now be described. 

FIGS, 26 to 29 are flow charts of the main 

operation of the pager. FIG. 30 is a timing chart of 

the operations in the DMA circuit 11 for reading and 

writing data between the BDM and the other circuits. 

10 When the CPU 401 has detected at step ClOl that the 

electric power has been supplied by the operation of a 

power supply switch (not shown), the CPU 401 allows 

electric power to be supp1ied to the respective circuit 

sections connected to the CPU 401 and initializes the 

15 sections. At this time, also the operation of the 

decoder section 3 is started when the initializing 

operation has been performed so that control data for 

controlling the received data buffer circuit 304 

corresponding to each frame pattern is set to the frame 

20 speed determining circuit 302 and the level determining 

circuit 301. Then, the decoder section 3 is brought 

into a standby state at the frequency band and the phase 

set by ID-ROM {steps R101 and R102). In this standby 

state, the CPU 401 starts an internal timer (not shown) 

25 to perform intermittent reception in a period from 1,875 

seconds (one frame) to 10 seconds at intervals of 30 

seconds for two minutes until synchronization is 
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detected when the synchronization l (Sl}Cl of the 

synchronizing signal portion Dl is received (step Cl03). 

'l'hen 1 synchronization detection is performed by 

receiving the synchronization 1 (Sl)Cl until a 

5 predetermined time has been elapsed {steps Cl04 and 

C106). 

If synchronization has been detected, the operation 

proceeds to step ClOS in which the timer .is reset, and 

frame pattern data set by the synchronization 1 (Sl)Cl 

10 is stored in the buffer memory 4011. If no 

synchronization is detected in two minutes and the lapse 

of the predetermined time has been confinued, the pager 

is moving or stays in an area outside the service zone. 

Therefore, the ope.ration proceeds to step Cl07 in which 

15 the fact that the pager exists outside the service zone 

is displayed on display unit 7. Moreover, an out-of

zone notification interruption signal for interrupting 

out-of-zone notification, which is output by the 

notifying portion 8 when the pager exists outside the 

20 zone, is output, 

When the decoder section 3 has received the 

synchronization l (Sl)Cl, the decoder section 3 fetches 

it and causes the level determining circuit 301 to store 

data included in frame pattern data set by the 

25 synchronization 1 (Sl)Cl and relating to the modulation 

method (step R103). Moreover 1 the decoder section 3 

causes the frame speed determining circuit 302 to store 
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data included in the frame pattern data set by the 

synchronization l [Sl)Cl and relating to the frame speed 

(step R104). The received frame pattern data is also 

output to the CPU 401. 

The decoder section 3 continues the intermittent 

reception at steps R102, R103 and Rl06 until the out-of

zone notification interruption signal is received by the 

CPU 401 at step C107. When the out-of-zone notification 

interruption signal has been received, the operation 

10 proceeds to step Rl07 in which the operation of the 

receiver circuit 2 is interrupted. 

After step R104 has been performed, the decoder 

section 3 receives frame information (Fl)C2 at step R105, 

and then output, to the CPU 401, the received cycle 

15 number, the received frame number and this timing 

information for obtaining the own frame from the frame 

information (Fl)C2. The CPU 401, at step C108, 

recognizes the position of the own frame in accordance 

with the frame information 428 (FI) and timing 

20 information supplied from the decoder section J to 

interrupt operation of the receiver circuit 2 until the 

timing for the own frame comes. The process at step CB 

is continued to the timing for the frame which precedes 

to the own frame by one (step Cl09). The control of 

25 interrupting the operation of the receiver circuit 2 is 

performed by the decoder section 3 under control of the 

CPU 401 (step Rl08). The process et step RlOB is 
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repeatedly performed until a re-drive signal is input 

( step R109) . 

If the frame timing 1 which is preceding to the own 

frame by one, is detected at step Cl09, the CPU 401 

5 re-drives the decoder section 3 at step CllO. When the 

decoder section 3 is instructed to re-drive from the CPU 

401 (step R109), it re-drives the decoder section 3 

(step RllO) in which the decoder section 3 waits for 

input of a re-drive control signal for the receiver 

10 circuit 2 from the CPU 401 (step Rlll). When the 

re-drive control signal for the receiver circuit 2 has 

been supplied from the CPU 401, the receiver circuit 2 

is re-driven at step R112. 

The CPU 401 re-drives the decoder section 3 (step 

15 CllO), and then, at step Clll, sets address data read 

from the ID-ROM of the ROM 402 to the address register 

of the address comparison circuit 6. At step Cll2, the 

CPU 401 determines an output timing of the final block 

of the frame, which is preceding to the own frame by one. 

20 When the timing of the final block has been detected, 

the CPU 401 outputs an operation control signal to the 

receiver circuit 2 (step Cll3). 

When the receiver ciL~uit 2 has been re-driven, the 

decoder section 3 establishes synchronization by the 

25 synchronization 1 (Sl)Cl of the own frame received at 

step Rl13. Moreover, the decoder portion 3 causes the 

level determining circuit 301 to store data among frame 
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pattern data of the own frame relating to the modulation 

method and that relating to the frame speed (step R116). 

Simultaneously, the received frame pattern data is also 

output to the CPU 401. 

Then, the decoder section 3 fetches, decodes and 

outputs frame information (Fl)C2 at step Rll4. Since 

the frame type data is, at step R113, also output to the 

CPU 401, the CPU 401 causes the buffer memory 4011 to 

re-store the frame type data at step C114. At step Cl15, 

10 whether or not the frames coincide with each other is 

determined in accordance with the decoded frame 

information (Fl)C2. If non-coincidence is detected, the 

operation returns to step Cl08 in which frame timing, 

which is preceding to the own frame by one, is waited 

15 for. If coincidence is detected, the operation proceeds 

to step CllG in which the own frame is confirmed, 

continuous reception is controlled and the address of 

the rearranging circuit is determined by the 

deinterleaving circuit 5. 

20 The decoder section 3 outputs frame information 

(Fl)C2 to the CPU 401 at step Rll4, and then, at step 

R115, waits for input of an interruption signal which is 

generated when the frame non-coincidence is detected. 

If the interruption signal has been supplied, the 

25 operation returns to step RlOB in which the operation of 

the receiver circuit 2 is interrupted. If the 

interruption is not supplied, the operation proceeds to 
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step R116. At step R116, the synchronization 2 (S2)C3 

is received, and then the timing control circuit 303 

confirms synchronization of the reception of the 

interleaved block structure D2 and performs fine 

5 adjustment. At step R117, received data is rearranged 

by the received data buffer circuit 304 so that the 

rearranged data is output as 8-bit parallel data. Then, 

the operation proceeds to step Rl18 in which block 

information (BI)C4, address field (AF)CS and vector 

10 field (VF)C6 set by the synchronizing signal portion DI 

are input and the reception is continued. 

At step C116, the CPU 401 also performs a process 

for supplying a selection control signal for selecting 

any one of the rearranging circuits 502, 503 and 504 

15 which is to be connected to the selector circuit 505 of 

the deinterleaving circuit 5 in accordance with the 

frame type of the subject frame by determining the 

address to be employed. 

After the operation at step C116 has been completed, 

20 the CPU 401 determines at step C117 whether or not the 

received frame type is 1600 bps (2-level FM). If the 

frame type is 1600 bps (2-level FM), the operation 

proceeds to step Cl27 in which the start word of the 

address field (AF)CS is read from the block information 

25 (Bl)C4 so as to be stored in the buffer memory 4013. 

Then, the operation proceeds to step C128. 

If a determination has been performed at step Cl17 
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that data is output with a frame type except 1600 bps 

(2-level FM], the operation proceeds to step CllB in 

which the 8-bi.t parallel data is stored in the BDA of 

the RAM 404 with the addresses being assigned. 

When it is determined that the number of data bits, 

which permits the reproducing process can be performed, 

has been stored, the DMA circuit 11 sequentially reads 

the data from the BDM and supplies the data to the 

deinterleaving circuit 5. Thus, the deinterleaving 

10 circuit 5 performs the data reproducing process and 

re-stores the reproduced data at the read address. Whem 

the data of one block is reproduced, the data of one 

block are read from the BDM and are supplied to the BCH 

decoder IO. The error-corrected data of one block are 

15 re-stored at the read addresses. 

Then, the CPU 401, at step Cl19, on the basis of 

the block .information (BI)C4, reads the start word of 

each of the address field {AF)C5 and the vector field 

(VF)C6 of data subjected to the error correction process. 

20 Then, the operation proceeds to step C120. 

Then, the CPU 401 instructs to perform a comparison 

of address data stored in the BDM of the RAM 404. 

The OMA circuit 11 reads address data included in the 

reproduced address field (AF)C5 which has been stored in 

25 the BDM so as to output the same to the address 

comparison circuit 6. The address comparison circuit 6, 

at the timing of the data trigger "c", compares the 
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address data received through the bus line "B" with the 

address data in the address register 601. Then, the 

address comparison circuit 6 outputs, to the CPU 401, a 

coincidence signal "f" denoting whether address data 

5 items coincide with each other. 

The CPU 401 instructs the decoder section 3 to 

fetch data. Moreover, when the CPU 401 has detected the 

coincidence of addresses because it has received the 

coincidence signal "f" from the address comparison 

10 circuit 6 at step Cl20, it shifts the operation to step 

Cl21. If the address coincidence is not detected, the 

operation proceeds to step C123 in which an interruption 

signal is output to the decoder section 3, When the 

decoder section 3 has been supplied with the 

15 interruption signal from the CPU 401, the operation 

returns to step RlOB in which the operation of the 

receiver circuit 2 is interrupted. If the coincidence 

signal "f" is not supplied, the operation proceeds to 

step Rl20 in which the receiving operation is continued. 

20 At step Cl21, the start word and the number of 

words of own message data in the message field (MF)C7 

are determined in accordance with vector data in the 

vector field (VFJC6. At seep C122, data for one frame 

is sequentially fetched, and then storage address is 

25 assigned. Then, data is sequentially stored in the BDM 

of the RAM 404. 

Simultaneously with the receiving operation 
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performed by the CPU 401, data which is sequentially 

stored in the BDM is repeatedly written to and read 

from both of the deinterleaving circuit 5 and the BCH 

decoder 10. 

5 At step C124, the idle blocks (IB)CB is detected. 

When the idle blocks (IB)CB has been detected, an 

interruption signal is output in ordar to interrupt the 

operation of the receiver circuit 2 to the timing for 

receiving a next own frame. The CPU 401, at step Cl26, 

10 performs control of the reception notification by 

performing processes for reproducing and displaying 

message in accordance with the received message data 

subjected to the notifying process in the notifying 

section 8. Then, the operation returns to step Cl09. 

15 As described above, the CPU 401 waits for a frame timing 

which precedes to the own frame by one. Note that the 

receiving operation of the decoder section 3 is 

continued (step R121) until interruption of the 

operation is instructed from the CPU 401 at step C125. 

20 If the interruption signal is supplied at step R121, the 

operation proceeds to step Rl22 in which the operation 

of the receiver circuit 2 is interrupted. Then, the 

decoder section 3 completes the receiving operation. 

The operations of the CPU 401 and the decoder 

25 section 3 have been described in which they are linked 

to each other to receive data with the frame pattern 

except 1600 bps in accordance with a result of the 
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determination performed at step Cll7. If the frame type 

of received data is detected as 1600 bps (2-level FM) at 

step Cll7, the receiving operation 1 which is performed 

by the CPU 401, is shifted to step C127 in which an 

5 operation, in which the reproducing operation is not 

performed, is started. 

At step Cl27 block information (BI)C4 is output to 

the BCH decoder 10 so as to be subjected to the error 

correction process, and then stored in the BDM of the 

10 R,\M 404, Then, the start words of each of the address 

field (AF)C5 and the vector field (VF)C6 are stored in 

the buffer memory 4013, 

The CPU 401, at step C128, outputs address data, 

which is included in the address field (AF)C5, to the 

15 address comparison circuit 6. The address comparison 

circuit 6 compares the address data supplied through the 

bus line "B" at the timing of the data trigger "c" and 

the address data in the address register 601. Then, the 

address comparison circuit 6 outputs the coincidence 

20 signal "f" to the CPU 401, 

At step C129, the CPU 401 detects the coincidence 

signal "f" supplied from the address comparison circuit 

6. If the addresses coincide with each other, the 

operation proceeds to step Cl30. If the coincidence is 

25 not detected, the operation proceeds to step Cl23 in 

which an interruption signal is output to the decoder 

section 3. When the decoder section 3 has received the 
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interruption signal from the CPU 401, the operation 

returns to step Rl08 in which the operation of the 

receiver circuit. 2 is interrupted. If the coincidence 

signal "f" is not detected, the operation proceeds to 

5 step Rl31 in which the receiving operation is continued. 

10 

At step Cl30, the start word and the number of 

wards of own message data in the message field {MF)C7 

are determined in accordance with data of the vector 

field (VF)C6. 

The CPU 401 causes the receiver circuit 2 to 

continue the data receiving process in which data is 

sequentially stored in the BDM in unit of one block. 

Moreover, the CPU 401 causes the DMA circuit 11 to 

continue the data transfer processes (step Cl31). Then, 

15 own message data are sequentially read, and then the 

idle blocks (IB)C8 is detected (step C132). 

If the idle blocks (IB)CB is detected at step Cl32, 

the CPU 401 outputs an interruption signal to the 

decoder section 3 in order to interrupt the operation of 

20 the receiver circuit 2 to the timing for receiving a 

next own frame ( step C 125) . In order to control the 

reception notification at step Cl25, the notification 

process is performed by the notifying section 8 and the 

message is reproduced and displayed in accordance with 

25 received own message data. Then, the operation returns 

to step Cl09. As described above 1 the CPU 401, at step 

C109, waits for the frame timing, which is preceding to 
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the own frame by one. When the interruption signal has 

been supplied to the decoder section 3 at step Rl21, the 

operation proceeds to step R122 in which the operation 

cf the receiver circuit 2 is interrupted. Then, the 

5 decoder section 3 completes the receiving operation. 

The operation, which is performed by the DMA 

circuit 11 will now be described with reference to a 

timing chart shown in FIG. 30. The timing chart shown 

in FIG. 30 shows the operation of the DMA circuit 11 for 

10 transfer data for one block (block #0) when data, the 

frame type of which is, for example, 6400 bps (4-level 

FM} has been received. Data 1 the frame type of which is 

6400 bps (4-level FM), and which has been received by 

the receiver circuit 2 is decoded into parallel data by 

15 the decoder section 3 for each 8 bits. When parallel 

data has been output to the bus line "B", addresses are 

assigned and sequentially stored in the BDM formed in 

thE:': RAM 404 under control of the CPU 401.· 

The DMA circuit 11, is turned on simultaneously 

20 with the reproducing process, sequentially makes 

accesses to data among 8-bit parallel data being stored 

in the BDM. The data of the block #0 having a 

predetermined number of bits which can be reproduced are 

sequentially read and supplied to the deinterleaving 

25 circuit 5. After the data reproducing process has been 

completed by the deinterleaving circuit 5 1 the 

reproduced data is again output to the BDM so as to be 
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written to the same address. 

As described above, when data, the frame type of 

which is 6400 bps (4-level FM), has been received, the 

OMA circuit 11 repeatedly outputs and receives block 

5 data between the BDM and the deinterleaving circuit 5 

until reproducing process for one block is performed 

four times. 

In order to cause the BCH decoder 10 to BCH-decode 

(correct an error) data written back to the BDM by the 

10 DY.LA circuit 11, the CPU 401 causes the DMA circuit 11 to 

read data again from the BDM so as to output the same to 

the BCH decoder 10. After the BCH decoder 10 has 

completed the error correction process, corrected data 

is again output to the BDM so as to be written to the 

15 same address. 

During the error correction process which is 

performed by the BCH decoder 10, the DMA circu.i.t 11 

makes an access to data in a next block (block #1) which 

is being stored in the BDM to follow an instruction from 

20 the CPU 401 to output the same to the deinterleaving 

circuit 5 so as to be reproduced. In the case shown in 

FIG. 30, a process is being performed with which data is 

output to the deinterleaving circuit 5 relating to a 

process for reproducing data (second time and third 

25 time) in the next blocks. 

In a case where the corrected block is data (block 

#1 or block #1 and block #2) in the address field (AF)CS, 
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the CPU 401 reads address data in data which is written 

back to the BDM by the OMA circuit 11 and outputs the 

same to the address comparison circuit 6 so as to be 

compared with the address data of ID information. If 

5 the coincidence signal "f" from the address comparison 

circuit 6 is detected, the address data is written back 

to the BDM. 

Simultaneously with the address comparison process 

which is performed by the address comparison circuit 6, 

10 the following process is repeatedly performed in the DMA 

circuit 11. The reproduced data (data of the block 13) 

is repeatedly transfered from the BDM to the BCH decoder 

10 and the next data (data of the block 4/:4) which is 

output from the decoder section 3 and stored in the BDM 

15 are accessed tn be supplied to the deinterleaving 

circuit 5. 

As described above, according to the second 

embodiment 1 the DMA circuit 11 for con.trolling data 

transfer among the CPU 401, the BDM of the RAM 404, the 

20 deinterleaving circuit 5, the address comparison circuit 

6 and the BCH decoder 10 is provided in addition to the 

structure of the first embodiment so that the lead which 

must be borne by the CPU 401 for transferring data is 

reduced. 

25 FIG. 31 is a circuit diagram showing a modification 

of the second embodiment. As shown in FIG. 31, the 

structure according to this modification comprises 
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a receiver. module 14 formed. of a PC card having an 

interface 15 and a circuit substrate for a personal 

computer, and a portable data terminal 17 having an 

interface 16 for a PC card slot or the like. 

Referring to FIG. 31, the receiver module 14 has 

the antenna 1, the receiver circuit 2, the decoder 

section 3, the buffer memories 4011 to 4014, the clock 

generator 4015, the ROM 402, the RAM 404, the 

deinterleaving circuit 5, the address comparison circuit 

10 6 1 the BCH decoder 10, the DMA circuit 11 and the 

interface 15 capable of output and receiving data in the 

bus line "B". The portable data terminal 17 has the CPU 

4D1 for controlling the data receiving and reproducing 

processes, the display unit 7, the notifying section 8 

15 and a CPU 13 for controlling circuits in the portable 

data terminal 17. 

Although both of the first embodiment and the 

second embodiment of the present invention have the 

structure such that the present invention is applied to 

20 a sole pager adapted to paging system STD-43, the 

present invention is not limited to this system. 

25 

The present invention may be applied to any one of 

information communication terminal, data communication 

device connected to a personal computer and the like. 

For example, the present invention may be applied 

to any pager adapted to a data communication method in 

which information about regulation of the data frame 
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speed or the modulation method can be output. In this 

case, even if a paging service company mixedly uses a 

plurality of paging systems, the pager according to the 

present invention may be applied. 
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C L A I M S 

1. A data receiving apparatus comprising: 

receiving means for receiving data; 

plural reproducing means capable of reproducing 

5 received data having a format which can be recogni.zed by 

said data receiving apparatus; 

format data receiving means for receiving format 

data; and 

selection means for selecting one of said plural 

10 reproducing means in accordance with the format data 

received by said format data receiving means. 

15 

2. A data receiving apparatus according to claim 1, 

wherein said format data denotes a data transmission 

rate, 

3. A data receiving apparatus according to claim 2, 

further comprising control means for controlling a 

reproducing process rate of said selected reproducing 

means in accordance with the format data denoting the 

transmission rate received by said format data receiving 

20 means. 

4. A data receiving apparatus according to claim I, 

wherein said format data denotes a data modulation mode. 

5. A data receiving apparatus according to claim 4, 

further comprising conversion means for converting data 

25 received by said one of plural receiving means into 

parallel data corresponding to the format data denoting 

the data modulation mode. 
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6. A data receiving apparatus according to any one 

of claims 5, wherein said conversion means comprises 

plural registers for used for converting received data 

into the parallel data and corresponding to data 

5 modulation modes. 

7. A data receiving apparatus according to any one 

of claims 5, further comprising: 

data storage means for dividing the parallel data 

output from said conversion means into data items of a 

10 predetermined unit and for sequentially storing divided 

data items; 

reading means for reading the divided data items 

from said data storage means in a storing order and 

supplying read data items to said one of plural 

15 reproducing means selected by said selection means; and 

storage control means for staring the parallel data 

output from said one of plural reproducing means in said 

data storage means at addresses of the divided data 

items read by said reading means. 

20 8. A data receiving apparatus according to any one 

25 

of claims 5, further comprising: 

data storage means for storing data which is to be 

reproduced by one time by said one of plural reproducing 

means selected by said selection means; 

detection means for detecting a data reproduction 

timing of said one of plural reproducing means selected 

by said selection means; and 

DEF0000662 

IPR2020-00036 Page 02673

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2673



WO 97/.24828 PCT/JP96/03755 

81 

storage control means for sequentially transferring 

the parallel data from said data storage means to said 

reproducing means and sequentially storing the parallel 

data output from said converting means to said data 

5 storage means. 

9. A data receiving apparatus according to claim 1, 

wherein said format data includes first format data 

denoting a data transmission rate and second format data 

denoting a data modulation mode. 

10 10. A data receiving apparatus according to claim 9, 

further comprising control means for controlling a 

reproducing process rate of said selected reproducing 

means in accordance with the first format data received 

by said format data receiving means. 

15 11. A data receiving apparatus according to claim 10, 

further comprising conversion means for converting data 

received by said receiving means into parallel data 

corresponding to the second format data received by said 

format data receiving means. 

20 12. A data receiving apparatus according to claim 11, 

wherein said conversion means comprises plural registers 

for used for converting received data into the parallel 

data and corresponding to data modulation modes. 

13. A data receiving apparatus according to claim 11, 

25 further comprising: 

data storage means for dividing the parallel data 

output from said conversion means into data items of 
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a predetermined unit and for sequentially storing 

divided data items; 

reading means for reading the divided data items 

from said data storage means in a storing order and 

5 supplying read data items to said one of plural 

reproducing means selected by said selection means! and 

storage control means for storing the parallel data 

output from said one of plural reproducing means in said 

data storage means at addresses of the divided data 

10 items read by said reading means. 

14. A data receiving apparatus according to 

claim 11 1 further comprising: 

data storage means for storing data which is to be 

reproduced by one time by said one of plural reproducing 

15 means selected by said selection means; 

detection means for detecting a data reproduction 

timing of said one of plural reproducing means selected 

by said selection means; and 

storage control means for sequentially transferring 

20 the parallel data from said data storage means to said 

reproducing means and sequentially storing the parallel 

data output from said converting means to said data 

storage means. 

15. A data receiving apparatus according to claim l, 

25 wherein said format data denotes a data interleaving 

mode. 

16. A data receiving apparatus according to 
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claim 15, further comprising conversion means for 

converting data received by said receiving means into 

parallel data corresponding to the format data received 

by said format data receiving means. 

17. A data receiving apparatus according to 

claim 16, wherein said conversion means comprises plural 

registers for used for converting received data into the 

parallel data and corresponding to data modulation modes. 

18. A data receiving apparatus according to 

10 claim 16, further comprising: 

15 

data storage means for dividing the parallel data 

output from said conversion means into data items of a 

predetermined unit and for sequentially storing divided 

data items; 

reading means for reading the divided data items 

from said data storage means in a storing order and 

supplying read data items to said one of plural 

reproducing means selected by said selection means; and 

storage control means for storing the parallel data 

20 output from said one of plural reproducing means in said 

25 

data storage means at addresses of the divided data 

items read by said reading means. 

19. A data receiving apparatus according to 

claim 16, further comprising: 

data storage means for storing data which is to be 

reproduced by one time by said one of plural rr:!producing 

means selected by said selection means; 
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detection means for detecting a data reproduction 

timing of said one of plural reproducing means selected 

by said selection means; and 

storage control means for sequentially transferring 

5 the parallel data from said data storage means to said 

reproducing means and sequentially storing the parallel 

data output from said converting means to said data 

storage means. 

20. A data receiving apparatus according to claim 1, 

10 further comprising format data storage means for storing 

the format data received by said format data receiving 

means until format data is received next. 

21. A data receiving apparatus according to claim 1, 

further comprising: 

15 ID code storage means for storing an ID code for 

20 

specifying paging of said data receiving apparatus; 

detection means for detecting the ID code from 

reproduced data while a reproducing process of said 

reproducing means continues; and 

interrupting means for comparing a detected ID code 

with the ID code stored in said ID code storage means 

and for interrupting the reproducing process of said 

reproducing means when a coincidence is not detected. 

22. A data receiving apparatus according to claim 1, 

25 which further comprises an interface for establishing a 

connection with an external device, and in which a 

receiving process of said data receiving apparatus is 
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performed in accordance with a control signal supplied 

from said external device through said interface. 

23. A method of deinterleaving data in which data 

received by plural rearranging circuits are reproduced 

5 into data comprising the following steps of: 

receiving format data; and 

selecting one of said plural rearranging circuits 

in accordance with received format data. 
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FIG.3 

REGISTER Rh I Ag I Rf Re I Rd I Re Rb I Ra 

LATCH 

B7 LhD7 LhD6 Lh05 Lh04 Lh03 LhD2 LhD1 LhDO 

66 LgD7 LgD6 Lg05 lgD4 LgD3 LgD2 LgD1 LgDO 

85 LfD7 LfD6 UD5 UD4 UD3 U02 Lf[)1 UDO 

84 le07 LeD6 LeD5 LeD4 Le03 LeD2 LeD1 LeDO 

83 LdD7 LdD6 LdD5 ldD4 Ld03 LdD2 LdDi LdDO 

B.2 Lc07 Lc06 LcD5 LcD4 LcD3 LcD2 LcD1 lcDO 

81 Lb07 Lb06 LbD5 LbD4 Lb03 LbD2 lb01 LbDO 

BO laD7 LaD6 LaD5 LaD4 LaD3 LaD2 la01 LaDO 
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FIG.4 

REGISTER Rh I Rg I Rf I Re I Rd 
i I Re I Rb I Ra 

LATCH 
87 lhD7 LhD6 LhD5 lhD4 LhD3 Lh02 LhD1 LhDO 

W7a8 W7a7 W7a6 W7a5 W7a4 W7a3 W7a2 W7a1 
86 Lg07 Lg06 lgD5 Lg04 L!:103 LgD2 lg01 LgDO 

W6a8 W6a7 W6a6 W6a5 W6a4 W6a3 W6a2 W6a1 
85 UD7 Lf06 LfD5 UD4 Lf03 LfD2 Lf01 UDO 

W5a8 W5a7 W5a6 W5a5 W5a4 W5a3 W5a2 W5a1 
84 leD7 LeD6 Le05 Le04 Le03 leD2 LeD1 LeDO 

W4a8 W4a7 W4a6 W4a5 W4a4 W4a3 W4a2 W4a1 
83 ldD7 LdD6 LdD5 Ld04 ldD3 LdD2 ldDi LdOO 

W3a8 W3a7 W3a6 W3a5 W3a4 W3a3 W3a2 W3a1 
82 LcD7 LcD6 LcD5 LcD4 Lc:03 Lc02 LcD1 LcDO 

W2a8 W2a7 W2a6 W2a5 W2a4 W2a3 W2a2 W2a1 
131 LbD7 LbD6 LbD5 Lb04 lbD3 LbD2 lbDi LbDO 

W1a8 W1a7 W1a6 W1a5 W1a4 W1a3 W1a2 W1a1 
80 laD7 La06 LaD5 LaD4 LaD3 la02 laD1 laDO 
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FIG.5 

REGISTER Rh I Rg Rf I Re I Rd j Re Rb I Ra 

LATCH 
B7 LhD7 LhD6 lhD5 LhD4 LhD3 LhD2 lhD1 LhDO 

W7c4 W3c4 W7c3 W3c3 W7c2 W3c2 W7ci W3c1 
86 LgD7 LqD6 Lg05 LgD4 Lg03 lq02 L~D1 Lg_D_Q ___ 

W7a4 W3a4 W7a3 W3a3 W7a2 W3a2 W7a1 W3a1 
65 Lf07 LfD6 LfD5 Lf04 lf03 LfD2 Lf01 UDO 

W6c4 W2c4 W6c3 W2c3 W6c2 W2c2 W6c1 W2c1 
84 LeD7 LeD6 LeD5 Le04 Le03 LeD2 leD1 LeDO 

W6a4 W2a4 W6a3 W2a3 W6a2 W2a2 W6a1 W2a1 
83 ldD7 LdD6 Ld05 LdD4 LdD3 ldD2 LdD1 LdDO 

W5c4 Wic4 W5c3 W1c3 W5c2 W1c2 W5ci Wic1 
82 LcD7 LcD6 lcD5 LcD4 LcD3 Lc02 lcDi LcDO 

W5a4 W1a4 W5a3 W1a3 W5a2 W1a2 W5a1 Wia1 
81 lbD7 Lbb06 Lb05 LbD4 LbD3 lbD2 LbDi LbDO 

W4c4 W0c4 W4c3 WOc3 W4c2 WOc2 W4c1 WOc1 
80 La07 La06 LaD5 La04 La03 LaD2 LaD1 LaOO 

W4a4 WOa4 W4a3 WOa3 W4a2 WOa2 W4a1 WOa1 
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REGISTER Rh Rg I Rf I Re I Rd I Re I Rb Ra 

LATCH 

B7 LhD7 Lh06 Lh05 Lh04 LhD3 Lh02 Lh01 lhDO 
W7c8 W3c8 W7c7 W3c7 W7c6 W3c6 W7c5 W3c5 

86 Lg07 L9D6 LgD5 LgD4 Lg03 L9D2 Lg01 Lg~ 
W7a8 W3a8 W7a7 W3a7 W7a6 W3a6 W7a.5 W3a.5 

85 LfD7 LfD6 lfD5 UD4 Lf03 LfD2 UD1 UDO 
W6c8 W2c8 W6c7 W2c7 W6c6 W2c6 W6c5 W2c5 

84 Le07 Le06 LeD5 LeD4 Le03 LeD2 Le01 LeDO 
W6a8 W2a8 W6a7 W2a7 W6a6 W2a6 W6a5 W2a5 

83 LdD7 Ld06 ldD5 LdD4 Ld03 LdD2 Ld01 ldDO 
W5c8 W1c8 W5c7 W1c7 W5c6 W1c6 W5c5 W1c5 

82 
: 

LcD7 LcD6 LcD5 Lc04 LcD3 LcD2 LcD1 LcDO 
W5a8 W1a8 W5a7 W1a7 W5a6 W1a6 W5a5 W1a5 ,,_...._ 

Bi lbD7 Lb06 LbD5 LbD4 LbD3 LbD2 lbD1 LbDO 
W4c8 WOc8 W4c7 WOc7 W4c6 W0c6 W4c5 WOc5 

BO LaD7 LaO6 LaD5 LaD4 LaD3 LaD2 LaD'1 LaDO 
W4a8 W0a8 W4a7 WOa7 W4a6 WOa6 W4a5 W0a5 
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REGISTER Rh Rf I Rf I Re I Rd \ Re 
i 

j Rb I Ra 

LATCH 

87 LhD7 LhD6 LhDS lhD4 lhD3 LhD2 LhD1 LhDO 
W7a4 W7a3 W7a2 W7ai W7c4 W7c3 W7c2 W7c1 

86 LgD7 LgD6 LgD5 L~D4 lgD3 LgD2 Lg01 LgDO 
W6a4 W6a3 W6a2 W6ai W6c4 W6c3 W6c2 W6c1 

85 Lf07 UDS LfD5 UD4 Lf03 lfD2 UD1 lfDO 
W5a4 W5a3 W5a2 W5a1 W5c4 W5c3 W5c2 W5c1 

84 LeD7 LeD6 LeD5 le04 Le03 LeD2 Le01 LeDO 
W4a4 W4a3 W4a2 W4a1 W4c4 W4c3 W4c2 W4c1 

83 LdD7 LdD6 Ld05 LdD4 LdD3 LdD2 LdD1 LdDO 
W3a4 W3a3 W3a2 W3ai W3c4 .W3c3 W3c2 W3c1 

82 LcD7 Lc06 lcD5 LcD4 LcD3 LcD2 LcD1 lcDO 
W2a4 W2a3 W2a2 W2a1 W2c4 W2c3 W2c2 W2ci 

81 LbD7 LbD6 LbD5 lbD4 LbD3 LbD2 LbD1 LbDO 
W1a4 W1a3 W1a2 Wia1 W1c4 W1c3 ·w1c2 Wic1 

BO La07 LaD6 LaD5 La04 la03 La02 LaDi laDO 
WOa4 W0a3 WOa2 WOa1 WOc4 WOc3 WOc2 WOc1 
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FIG.a 

REGISTER Rh I Rg Rf j Re I Rd Re I Rb I Ra 
i 

LATCH 
87 LhD7 LhD6 LhD5 LhD4 Lh03 LhD2 LhD1 LhDO 

W7a8 W7a7 W7a6 W7a5 W7c8 W7c7 W7c6 W7c5 
86 LgD7 LgD6 LgD5 LgD4 lg03 Lg02 LgDi LgDO 

---
W6a8 W6a7 W6a6 W6a5 W6c8 W6c7 W6c6 W6c5 

85 UD7 UD6 UD5 UD4 LfD3 UD2 LfD1 UDO 
W5a8 W5a7 W5a6 W5a5 W5c8 W5c7 W5c6 W5c5 

84 LeD7 LeD6 LeD5 LeD4 LeD3 LeD2 LeDi LeDO 
W4a8 W4a7 W4a6 W4a5 W4c8 W4c7 W4c6 W4c5 

83 LdD7 Ld06 LdD5 LdD4 LdD3 ldD2 ldDi LdDO 
W3a8 W3a7 W3a6 W3a5 W3c8 W3c7 W3c6 W3c5 

82 lcD7 LcD6 LcD5 LcD4 LcD3 LcD2 LcD1 LcDO 
W2a8 W2a7 W2a6 W2a5 W2c8 W2c7 W2c6 W2c5 

81 LbD7 LbO6 LbD5 LbD4 LbD3 LbD2 lbDi LbDO 
W1aB W1a7 Wia6 Wia5 W1c8 Wic7 W1c6 W1c5 

BO LaD7 LaD6 La05 LaD4 laD3 laD2 LaD1 LaDO 
WOa8 WOa7 W0a6 WOa5 woes W0c7 W0c6 WOc5 
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FIG.9 

REGISTER Rh I Ag I Rf I Re I Re 
I 

Rd Rb I Ra 
i 

LATCH 
137 LhD7 LhD6 LhD5 LhD4 LhD3 LhD2 Lh01 lhDO 

W7c2 W3c2 W7c1 W3ci W7d2 W3d2 W7d1 W3d1 
B6 Lg07 LgDG Lg05 Lq04 lg03 LgD2 LgDi LgDO 

W7a2 W3a2 W7a1 W3a1 W7b2 W3b2 W7b1 W3b1 
135 UD7 LfD6 LfD5 UD4 UD3 UD2 Lf01 UDO 

W6c2 W2c2 W6ci W2ci W6d2 W2d2 W6d1 W2d1 
64 LeD7 LeD6 LeD5 Le04 LeD3 LeD2 LeD1 leDD 

W6a2 W2a2 W6a1 W2ai W6b2 W2b2 W6b1 W2b1 
83 ld07 LdD6 LdD5 LdD4 Ld03 ldD2 LdD1 LdDO 

W5c2 W1c2 W5c1 W1c1 W5d2 W1d2 W5d1 W1d1 
82 LcD7 LcD6 LcD5 Lc04 lcD3 LcD2 LcOi LcDO 

W5a2 W1a2 W5a1 W1a1 W5b2 W1b2 W5bi W1b1 
Bi LbD7 LbD6 LbD5 Lb04 LbD3 LbD2 LbD1 lbDO 

W4c2 W0c2 W4ci WOc1 W4d2 WOd2 W4d1 WOd1 
BO LaD7 LaD6 LaD5 La04 LaD3 LaD2 la01 LaOO 

W4a2 WOa2 W4a"1 WOa1 W4b2 WOb2 W4b1 WOb1 
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REGISTER I Rh I Rg I Rf I Re J Rd I Re I Rb I Ra 

LATCH 
87 LhD7 lhD6 LhD5 Lh04 LhD3 Lh02 LhD1 LhDO 

i W7c4 W3c4 W7c3 W3c3 W7d4 W3d4 W7d3 W3d3 : 

86 lgD7 LgD6 lgD5 Lg04 lgD3 lgD2 LgD1 lgDO 
W7a4 W3a4 W7a3 W3a3 W7b4 W3b4 W7b3 W3b3 

85 LfD7 LfD6 UD5 UD4 UD3 LfD2 Lf01 UDO 
W6c4 W2c4 W6c3 W2c3 W6d4 W2d4 W6d3 W2d3 

B4 LeD7 Le06 LeD5 Le04 LeD3 Le02 LeD1 leDO 
W6a4 W2a4 W6a3 W2a3 W6b4 W2b4 W6b3 W2b3 

83 ldD7 ldD6 LdD5 LdD4 Ld03 Ld02 LdD1 LdDO 
W5c4 W1c4 W5c3 W1c3 W5d4 Wid4 W5d3 W1d3 

B2 LcD7 LcD6 LcD5 LcD4 LcD3 LcD2 Lc01 LciJO 
W5a4 Wia4 W5a3 W1a3 W5b4 Wib4 W5b3 W1b3 

81 LbD7 LbD6 LbDS Lb04 LbD3 Lb02 LbDi lbDO 
W4c4 WOc4 W4c3 WOC3 W4d4 WOd4 W4d3 WOd3 

BO La07 La06 LaD5 LaD4 la03 LaD2 LaDi laOO 
W4a4 WOa4 W4a3 WOa3 W4b4 WOb4 W4b3 WOb3 
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REGISTER Rh I Rg Rf I Re I Rd I Re I Rb I Ra i 
LATCH 

B7 LhD7 LhD6 LhD5 LhD4 LhD3 Lh02 lh01 LhOO 
W7c6 W3c6 W7c5 W3c5 W7d6 W3d6 W7d5 W3d5-

86 LgD7 lg06 La05 LaD4 LgD3 LgD2 LgDi LgD_Q._ 
W7a6 W3a6 W7a5 W3a5 W7b6 W3b6 W7b5 W3b5 -

85 LfD7 UD6 LfD5 LfD4 LfD3 LfD2 LfD1 UDO 
W6c6 W2c6 W6c5 W2c5 W6d6 W2d6 W6d5 W2d5 

84 LeD7 LeD6 LeD5 LeD4 LeD3 LeD2 leD1 LeDO 
W6a6 W2a6 W6a5 W2a5 W6b6 W2b6 W6b5 W2b5 

83 LdD7 LdD6 LdD5 Ld04 LdD3 LdD2 LdD1 LdDO 
W5c6 W1c6 W5c5 W1c5 W5d6 W1d6 W5d5 W1d5 

82 LcD7 LcD6 Lc05 LcD4 LcD3 LcD2 lcD1 LcDO 
W5a6 W1a6 W5a5 W1a5 W5b6 W1b6 W5b5 W1b5 

81 LbD7 LbDG lbD5 LbD4 LbD3 LbD2 lbD1 LbDO-
W4c6 WOc6 W4c5 woes W4d6 WOd6 W4d5 WOd5 

BO LaD7 La06 laD5 laD4 LaD3 LaD2 La01 LaDO 
W4a6 WOa6 W4a5 WOa5 W4b6 WOb6 W4b5 WOb5 
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FIG~12 

REGISTER Rh Rf I Rf I Re I Rd 
I I Re I Rb I Ra 

LATCH 
B7 lh07 lh06 lhD5 Lh04 Lh03 lh02 lhDi lhOO 

W7c8 W3c8 W7c7 W3c7 W7d8 W3d8 W7d7 W3d7 
86 Lg07 Lg06 LgD5 lgD4 Lg03 Lg02 Lg01 LgDO 

W7a8 W3a8 W7a7 W3a.7 W7b8 W3b8 W7b7 W3b7 
85 UD7 LfD6 LfD5 LfD4 UD3 UD2 U01 LfDO 

W6c8 W2c8 W6c7 W2c7 W6d8 W2d8 W6d7 W2d7 
84 leD7 le06 LeD5 Le04 Le03 Le02 Le01 LeDO 

W6a8 W2a8 W6a7 W2a7 W6b8 W2b8 W6b7 W2b7 
133 ld07 ldD6 Ld05 LdD4 ld03 LdD2 Ld01 LdDO 

W5c8 W1c8 W5c7 W1c7 W5d8 W1d8 W5d7 W1d7 
82 Lc07 Lc06 Lc05 Lc04 lc03 LcD2 Lc06 LcD6 

W5a8 W1a8 W5a.7 W1a7 W5b8 W1b8 W5b7 W1b7 
Bi Lb07 lbDG LbDS LbD4 LbD3 Lb02 LbD6 lbD6 

I W4c8 WOc8 W4c7 WOc7 W4d8 WOd8 W4d7 WOd7 
BO LaD7 la06 la05 laD4 La.03 La02 la06 La06 

I W4a8 WOa8 W4a7 W0a7 W4b8 WOb8 W4b7 WOb7 
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FIG~ 13 

403 

RAM ) 

''-. 

WA 
,/ 

' i\ ' 

RDA 

_./ 
i'\ 

\ 

' \ 

1MA Iii 

) 
l/1 

DEF0000680 

IPR2020-00036 Page 02691

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2691



0 m
 

"'l"
I 

0 0 0 0 m
 

0
0

 
...

3.
 

W
R~

\. 

FI
G

~1
4 

r ...
,.,

,5
04

 
/5

 
R

E
A

R
R

A
N

G
IN

G
 C

IR
C

U
IT

 (
6

4
0

0
 B

P
S

/ 
4~

LE
V

E
L 

F
M

) 

8-
B

IT
 

r 
~
 

(A
D

D
R

E
S

S
 4

) 
P

A
R

A
L

L
E

L
 

(A
D

D
R

E
S

S
 5

) 
__

_,
 

U
N

E
 

50
1

~ 
A

D
D

R
E

SS
 

[A
D

D
A

~ 
5

0
1

8
 

{A
D

D
R

E
S

S
 6

) 
{A

D
D

R
E

S
S

 7
) 

4 
S

ID
E

 
5 

S
ID

E
 

_
/ 

S
E

L
E

C
T

 
S

H
IF

T
 

S
H

IF
T

 
5

0
1

C
 

5
0

1
D

 
C

IR
C

U
IT

 
R

E
G

IS
T

E
R

 
R

E
G

IS
T

E
R

 
) 

I 
A

D
D

R
E

S
S

 
/-

A
D

D
R

E
S

S
 

,I
'-

· 
I 

A
D

D
R

E
S

S
 

¢
S

ID
E

 
\
,
-
-

1 
S

ID
E

 
....

....
....

... _
 

I A
D

D
R

E
S

S
 

1 
6

S
ID

E
 

! 
7 

S
ID

E
 

I 

S
H

IF
T

 
S

H
IF

T
 

(A
D

D
R

E
S

S
 0

) 
(A

D
D

R
E

S
S

 1
) 

R
E

G
IS

T
E

R
 

R
E

G
IS

T
E

R
 

I 
A

D
D

R
E

S
S

 
/-

· 
A

D
D

R
E

S
S

 
r 

( 
2

S
ID

E
 

\,
,-

-
3 

S
ID

E
 

'-
r-

-
5

0
5

 
5

0
2

 
i 

(A
D

D
R

E
S

S
 2

) 
,,.

.,.
,,5

03
 

(A
D

D
R

E
S

S
 3

) 
. 

/ 
~-

--
--

- R
E

A
R

R
A

N
G

IN
G

 C
IR

C
U

IT
 

-
R

E
A

R
R

A
N

G
IN

G
 C

IR
C

U
IT

 
-

(3
20

0 
B

P
S

/ 2
-L

E
V

E
L

 F
M

) 

1D 
(3

20
0 

B
P

S
/ 4

-L
E

V
E

L
 F

M
) 

~R
D

 
R

D
 

' 
/ 

T
O

 B
U

S
 L

IN
E

 "
B

" 

..
.I

. 
+a

>, cJ
 

0
1

) 

::E 0 \Q
 

~ ~ Q
i)

 ~ ij ·..:
;, 
~
 

Q
 

~
 

~
 

.. .,, 

IPR2020-00036 Page 02692

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2692



WO 97/24828 

501A 

PCT/JP96/03755 

15/38 

FIG.15 
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FIG.16 
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FIG.18 
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data control channel, or a fal1-backward (222, 232, 254) to the low--level modulation packet data control channel with respect to both uplink 
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(57) Abstract 

An improved local area network (LAN) to power line carrier (PLC) interface and protocol using FSK is described. This system 
provides improved data symmetry, higher data rates, lower bir error rates, improved synchronization and alignment of dati, as well as 
improved carrier detection, The system provides high speed frequency shift ke.y (FSK) modulation over the power line to achieve high 
data rates. Perfonnance may be further improved by using a novel combination of FSK modulation and differential shift key (DFSK) 
modulation to provide an improved local area network (LAN) to power line carrier (PLC) i11terface and protocol using FSK and DFSK. 
DFSK is described and shown to provide improvements in the modulation and demodulation of data transferred over digital networks. 
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5 

WO 98/59254 

Field of the invention 

.,. 
IMPROVED UNIVERSAL LAN POWER LINE CARRIEH 

REPEATER SYSTEM AND METHOD 

Background of the Invention 

PC'I'/US98/11 107 

This invention reiates to Power Line Carrier (PLC) Local Arna Network (LAN) rnpeaters in which l.At~ 

signal/data are transferred over the existing power lines of a building via power line carrier rather than through 

special cables which must be instailed professionally. A PlC l.AN repeater must {a) interface effectively with the 

LAN and its 1not•cols, (b) achieve data rates over the power lin0s which am at 11:ast an •rdsr of magnitude faster 

than those of prior art PLC systems mid !c) provide acceptable operation to a plurality of users. While many LAN 

·10 {includin11 Arcnet. Token Ring and fiS.485) are in use and may •e serniced by the instant invention, the Ethernet LAr~ 

wiil be examined to ililistrnte the interface and data rate rnquiremsnts for this invention. 

Mme specifically, this invention rniates to systems for PLC LAN repeaters which employ a differnntiai 

frequency shift ksy (DFSK! technique to increase data rates and noise immunity and system reliability. The uss of 

DFSK technology impron!s the performance of PLC LAN rcpE:aters by improving adge rnsolution; rsd,u:in\1 the effocti11e 

15 bandwidth requirements of the transmitted signal, thereby permitting increasE:d data rate or narrower filter bandwidth; 

rn1lucing the temperaturn coefficirnt and tuning requirements by AC coupling of the analog data; reducing startup 

transiems in tho data slicer; rnjm:ting noise on the marking frequency; permitting spm:iai charnctms for comiirnssion 

or control purposes. This invention incorporates a number of other improvements over the exis;ing rnchnology, 

including: improved RF and IF filters to increase the data rate; synchronization of the data rarn clock with the 

20 carrier frequency; a realignment bi1 evary ninth bit; a group krrnwlr:clge (ACKi which is frequency shift keyed {FSK) 

at a lower data rnte; and carrier detection is accomplistrnd without usr: of a Receive Signal Strength Indicator (RSSI), 

using special preamble and start characters. These improvements provide a compiete modulation and demodulation 

system !or PLC wiih significantly enhanced data quality. 

25 

Description of Related Art 

The Ethernet IEEE 802.3 standard provides for mechanical and electrical standards end protocols for multiple 

users to share ("r1etwo;k") data transfer access to a common transmission medium or bus (the ·'ether" of a cable) 

but still maintain acceptaole data access times and trnnsmissrnn rates. A user accesses the network through ilis 

node on the network, which is usually his computer/workstation with e hm dwarn LAN interface physicaily connected 

to the nE:iwmk cable as tha node. Proprietary network suftwarn (such as NetWarn and Windows for Workgrnups) 

30 runs with the workstation's operating system to manage the interface between the user's applications and the 

network. Individual users am provided unique ID/address codes so that an!y messages with the correct address 

preambie may be accepted and routed into their node/workstation while ignoring al! othms. The pro10cols also 

provide tor detecting and managing collisions between the plurality of network users seeking simult::meous access 

to the network so that only one user may sefely transmit data at a time. The software for implementing tiiis Carrier 

35 Sense Multiple Access with Coilision Detection pmtocol (CSMA/CD) is usually divided between firm embedded in the 

Ethernet interface cards and the proprietary workstation softwarn. 
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IN a peer-to-peer network configuration, two or morn workstations may be networked tc1111:1her. Ea1:h user 

may commtmicr.te with any other user with network protocols arbitrating darn collisions when more than on~ user 

seeks to initiate communication at a time. In the Ethernet specification, when a coliision is detected, each user 

interface backs off for a "random" time before rnatternptin!J access 1CSMA/CD). In a cliem-file ser~er confi;1ura1ion, 

5 each user communicates vvith the server as well as directly with other users. Arbitration takes place between the 

users and the server. 

Since a large number of users results in frequent data transfers as well as collision arbitration, the data 

rate of Ethernet must be very high to accommodate acceptable transmission tirrm delays. Consequently, the lEEE 

802.3 standard provides for dat3 transmission at the rate of 1 DMhps in packets of no more than 1,500 bytes. Such 

10 speeds are three orders of rnagnitudll beyond prior art PLC data communicationllMJ ter.imology. 

In addition, Ethernet mechanicai standards wovide for bidirectional communications either by coaxial cable 

/"thin/thick net") or by dual sets of Unshielded Twisted Pairs {one for each direction of data flow) called UTP or 

"10baseT" cable. Coaxial interfaces utilize a transceiver to interface be.ween the bidirectional digitai data 01 one 

computer and the Hf d:11 a modulated signals of the coax/thin net The 10Base T medium accommodates tirn 

15 ilidirectiona! data mare directly bv using 2 sets of twisted pairs (one for transmit and ane for receive data). To 

achieve 1 •Mbps data throughput an interface standard similar to RS-485 (CCITT V.11) is employed, which provides 

for balanced, isolated and low impedance transmitters and differential receivers. The RS-485 standard prmrides for 

up to 32 transmitters and rnceivers networked on the same data line. Bath coaxiai and UTP communications 

interfaces/LAN cards have been reduced to low cost high performance commerciai products sourced by many 

20 companies. 

The problem with lAN systems such as Ethernet is the installation expense for the cables which can exceed 

$10(1 per "node" or user. Often the old comrne1cial strncturns are prohibitively difficult rn retrofit Other companies 

are periodicaily requiring reconfiguration of office space to accommodate changing commercial needs and rnquirn a 

less expmisi11e and more friendly method for connecting and reconfiguring workstatmns to their LAN. And there are 

25 limitations as to tile length of cable one can use. The instant invention provides a cost effective alternative to 

special cable installation by "repeating" the network via power iine carrier data transmission over the AC power lines 

of a premises. 

RF Lil.N repeaters have been offered in the 900 MHz range where sufficient bandwidth is available to 

transmit the 10Mbps signals. Howtm.ir, the 900 MHz systems am not only prnhibitiv1:ly expensive (a1 $600-800 

30 per node) but also exhibit prnpagation problems and interference in commercial buiidings where LAN systems are mr.st 

commonly used and !he software for managing a large number oi users has been unacceptable, which {in addition 

to high cost) has d2trncted seriously from their widespread prolifarntion. 

Summary of the Invention 

The instant invention, however, provides both tne interface for the commercial LAN card/port as well as 

35 the PLC repeater system capable of transferring data packets at sufficiently high rams and with collision 
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dernctian/prnveritian firmware for transparency with respect to small and medium sized LAr~ systems at a c•mpetifive 

cast. 

Tile PLC rnpeater/trn11srecei1rer comprises bath a novel rlata transmitter and advanced data receiver with 

over 91l dB of !Jain, which together am capable of hit1l1 bandwidth/data rate Frequency Shift Key {FSK) transmission 

5 data rates of DC to over 2 Mbps (million bits per second). RF PLC frnguencies of 2-20 MHz combined with sufficient 

transmitter power and receiver sensitivity achieve adequate signal to noise ratios in AC power systems with high 

attenuation and noise. The over-90 dB sensitivity/RF rnnge permits proper data transmission over the 3-phase power 

distribution system in industnal 111,taliations with capacitive loads and electrical equipment inducecl noise. The RF 

carrier frequencies in combination with the receiver sensitivity perrni! the signals ta jump phases in residential 2-phase 

10 and industrial 3-phase distriblltion sysrnms by means of the capacitance batw0en 1ihases in the wiring. Tlrn hitihly 

deviated (greater than 1 OOkHzi FSK signal in combination with the high Rf- carrier frequency and 3 stages of RF and 

IF filrerir,g in the receiver makes 1he data transmission very robust in the presence of electrical interternnce. 

Milltipie transceivers am capable of simultaneous opernti•n at difternnt RF carrier frequencies, permitting 

foll duplex serial communication as well as multiple networks operating without interference on the same power line 

15 bus. 

The LAN interface comprises 2 subsystems: (1 l a bidirnctionili LAN card or part interface {a) for receiving 

(and storing in buffers) outu•ing data packets in the LAN system format from a usm's workstation for transmission 

10 01her LAN users and {b) !or returning data packets in the LAM format to the same workstation cardiport from 

other users, and {2) an asynchronous serial data transceiver (wi,h data buffering) which {al drives the PLC data 

20 transmitter witb the outgoing data packets stored in the butter by the port interface and {bl rnceives incoming d.ita 

from the PLC data rnceiver ori!linating from other users. The serial data transceiver is contrnlled by a system 

cont rniler with firmware iii to arbitrate rnllisians on the power line data bus with other users and (ii) to manage the 

bidirectional tiansfer of date packets: OUTGOING from LAN interface to serial da1a transceiver and INCOMING from 

serial data transceiver har.k to LAN interface. Gmnmerr.ial contrnllers are available fm managing the entire repeater 

25 which contain both the asynchronous PLC serial port and some LAN interface ports such as RS-232 and flS-485, 

as we!I as parallel ports. 

A relatively simple and low cost PLC LAN repeater networks workstations through their standard serial ports 

using software such as NetWare Lite. The PLC lArJ repeater consists of a law cost but competent microcontrnliar 

with (1) an RS-2320 port n 15.2Kr.mid) for r.onnecting a built-in serial port 10 ttm users and (2) an asynchronous 

30 seriai communications port which connects to the PLC transceiver. The onboard controller iirmwarn manages the 

storage and retransmission of data packets in addition to collision arbitrntian and detection on the PLC bus. The 

PLC LAN rnpeater thus converts a two-user RS-232 peer-lo-pe!!, rmtwmk into a more-than-two user network Oike 

RS-435) without the user having to by a \mare expensive and less common) RS-485 type of interface. The data 

rate for PLC bus could be 10 times higher than the limited 115.2 Kbaud or the conventional seria! port. making this 

35 kind at PLC bus network capable of handling much larger data trnffic than is possible with an ordinary RS-232 serial 

port network. 
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Altemiativeiy, personal computers (PCs), printers and other electronic devices can be networked tog!lfhar 

using this invention through standard parallel parts using standard interi ace protocol software and controllers, 

including but not limited to Windows 95. 

The prnlifm~tion of embedded ccntrollers in a plethora of aiectrical/electronic equipmemt can be effectively networked 

5 with control maintenanceisecurity systems via PLC LAN repeater subsystems also embedded in the equipment, which 

repeaters network the serial p01t of tile embedded controllers to a PLC LAN bus via H;e existing power cord of the 

equipment and the power distribution system of a premises. The inventors have applied this same concept at 

embedded PLC LAN repeater to many types at computers and rnlamd products, modems, industrial con1rnl systems 

and utiiity metering equipment. The instant invention facilitates tha higher data rates and transmission integrity 

10 required by thesil systems. 

For tArJs using the RSA85 ports, a high-speed 485 int,nface is provided together with a controller for 

converting the data to PLC trnnsceivr:r compatible rates and format. 

A morn complex confi!Juraiior. for Ethernet illustrates the scope ol apniirntion of the universai repeater and 

utilizes a commercial Ethernet interface chip in combination with a micrncontrnl!er with global hi!Jh speed 

15 communications port for servicing the PLC transceiver. This provides a trnnsparnnt PLC repeater which connects 

ta the standard Ethernet ports of a workstation and, with NO additional software or hardware, permits muitiple users 

to network over the existing power iines ot a premises. 

The versatility of contigurntions aiso supirnrts Tr:ken Ring and Arcrrnt protocols, chiefly because the PLC 

trnnscei\fer is competem enough til handle sufficiently high data rates to permit transparent operation for smaller 

20 segments of Hrn rrn1work. 

Qhjects 

Accordingly, it is an object ol the invention to provide ar. advanced method and system of high data rate 

power line cmrier transmission which supports the data rams rnquirmi by local area networks. 

lt is an object to provide a method and system of interfacing power line carrier repeaters with conventional 

25 network cables or cards to convert LAN data to PLC rnpeater acceptable data and to convert PLC repeater ilata to 

LAN data. 

!t is a further object to provide a method and system of arbitrnting multiple PLC LAN repeaters to µmrnit 

efficient and exclusive amiss to e particular lrequerncy/channel of the power line medium. 

It is an object to provide a PLC transceiver which s1mds data with a bandwidth of DC rn over 2 Mbps and 

30 which is therefore able to transfer wideband analog signals/data ot DC to over 1 MHz bandwidth. 

it is an abject to provide an ~mbedded PLC network repeater system capable ot bei11g interfaced with 

embedded contrnl!ers in equipment for ,mtworking said equipment with outorna1ior., control and diagnostics systems 

and generni network services. 

It is a further object of this invention to prn11ide an embedded PLC network repeater system having an 

35 improved modulation technique, known as Ditferential Frequency Shift Key (DFSKI in conjunction with Frnq1rnncy Shiit 

Key (FSK) which is able to trigger data state changes with much improved resuilltion. 
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A :.t:11 further object of this invention is to provide an embedded PLC network repeater system having a 

OFSK moduiation technique which by centering mare energy around the carrier frequency minimizes the effective 

bandwidth required for a given date rnte. 

A funher object of this invention is to provide an embedded PLC network repeater system employing 

5 improved RF end IF filters to provide wider and flctter pass bands while maintaining svstern data reliability with 

changing data composi1ions. 

10 

15 

Another object of this invention is to prnvid!l an embedded PLC network repeater system employing a 

realignment bit at the end oi each data hyte to aid the rn-synchronirn1ion of the receiver, thereby permitting 

increased data rntes. 

Another object of this invention is to provide an embedded PLC nutwork rnpeat.r sys1em with improved 

carrier detection and acknowledgment techniques. 

An additional object of this ir:vention is to provide an irnprnved modulation and demodulation technique, 

known as Differential Frequency Shift Key {OFSKL for al! networking media or electronic communications systems. 

inclt1ding RF and wired media. 

Additional objects, advantages and novel features of this invention will be set forth in part in the description 

wh:ch follows, and tn part will become apparent to those skilled in the art upon examination of the fo!iowing or may 

be learned by the practice of this invention. The abjects and advantages of this invention may be realized and 

attained by means ai the instruments End combinations panicularly pointed out in the appended claims. 

These and other objects of the invention am achieved IJy an electronics system, which in its present 

20 preferred embodiment employs an irmovaiive Differential Frequency Shift Key (!)FSK) moduiation technique to improve 

30 

the reliability and achievable data rates of Local Arna Network {LAN) cammunir.atian between digital computer 

workstations across Power lines or Power line Carrier iPLC) mediums. While the preferred ambodiment of the 

system is de.signed to operate at data rates of up 10 2 million bits per second (2Mbps), uven higher data rates are 

possible with same envisioned enhancemems, and very high noise, jitter, temperature, and voltage drift immunity. 

Brief Description of the Drawings 

Fi11ure 1 is a diagram of a PLC LAN repeat1,r network. 

Figure 2 is a block diagram of a PLC LAN rn1matm. 

Figure 3 is a schematic of a l.AN to Repeater Interface. 

Figure 4 is a schematic of a PlC Repeater Transceiver. 

Figure 5 is a schematic of a standard quadrature detector far the demodulation of FSK carrier signals. 

Figure 6 is an illustration of the voltage output from the quadrnturn detector buffer ampiifier 5-54 (Vq,.05-

59), showing the variance of the voltage level with hequency change. 

Figure 7a shows the schematic of a OC,coupied FSK data comparator. Figure 7b shows the ideal operation 

of the DC-coupled FSK data comparator. Figure 7c shows the operation of the DC-coupled FSK data comparator 

35 when there is signal drift. 

Figures Ba, 8b, and Be illustrate the operation and disadvantages of tile traditional FSK data slicer 8-70. 
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Fi11ure 9a illustrates the DFSK data detector of the preferred embodiment of the invention which overcorr1es 

Hrn i\mitati[lns of prior detectors. Figure 9b shows the nature ol [JFSK V,ua; signals as they are detected by a 

quadrature detector. Figure 9c shows the effect of temperature ar data composition on the operation of the Of-SK 

data detector. Figurn 9d depicts a further mod:ficmi1m/e11har1cemim1t of the DFSK demodulator. 

5 f·igurn 10 illustrntes a comparison of the frequency spectrum of FSK with DFSK modulation and illustrates 

10 

the improved bandwidth requirements of DFSK over FSl{. 

Figure 11 illustrates ihe implementation of •FSK modulation using a 5-state digital state machine. 

Figure 12 illustrates a state machine improvement where the data rate is synchrnnirnd with the carrier 

frnquency. 

Fi11ure i 3 is a MC1'.i158 rnwivm data book chart for the RSSI response which shows a limiting 

charncterisric RSSI detection schemes and protncels based or, RSSI signals. 

Figure 14 illustrates several improvements achieved with the Acknowledge Comparator. 

Fiiiure1 15 depicts a typical V,oact. data and FSK ACK Data waveform which illustrates how OFSK permits 

the compatible 1m of FSK to produce special characters for group acknowledgment in a network. 

15 Detailed Description of the Preferred Embodiment 

A universal local area network (LMJ) power line carrier (PLC) repeater system and method is described 

which provides: ( 1) a competent LAN repeater interface for com;ertit1!J high•speed LAN data to PLC serial data and 

high 0 speed PLC serial dat;, to LAN data, (2) a high-speed PlC data trnnsce:ver for exchanging PLC data with other 

repeaters. and (3) a control system and method for contrnl!ing the interface and transceiver to arb11rnte data 

20 communications on the PLC bus among the plurality ot PLC repeaters. In the foilowing description, the Ethernet LAN 

PLC repeater is set forth in specific detail in order to provide a thorough understanding of the invention in a non

trivial application. It wiil be apparent to one of ordinary skill in the art that these specific details are beyond what 

is necessary rn practice the presant invention. Ir. other instances, weli-kn•wn circuits, interfaces and software 

structures have nr,t been showr1 in detail in order Mt to unnecessarily obscure the prnsent mvention. 

25 Re!ernnce is first made to Figure 1 in which a plurality of workstations are networked rngether by means 

oi PLC rnpeater sand the AC power system oi a premises. Workstation 1.·1 with its corresponding LAN r.r.rd is 

connected via UTP i "2 tc LAN-PLC repeater 1-3 to the AC power line 1-4 of a premises which constitutes a PLC 

LMJ bus in addition to distributing AC power to the various appliances, equipment and workstations (1-1, 1-7, 1-10) 

at the premises. Data from workstation 1-1 is repeated onto the PlC LM~ bus 1 •4 in proper format for LAN-PLC 

30 repeater 1-5 to receive said data and repeat it in LAN format via UTP i-6 to workstation 1-7 and its rnrrespnnding 

LAN card. Workstations 1-1, 1-7 and 1-10 are operated by commercial LAN software which, al a minimum, supports 

a peer-to-1mm r.onfigurnti•n of users, thus perrnitti11!J message,, and files to be transferred between any two peers 

of the network. The LAN PLC repeater permits said data to be trcrnsierred between workstations "transparently," 

that is, without any additional effort or special instructions/software on the part of the workstation and its operating 

35 system, Therefore, workstation 1-7 receives the data originating from workstation 1-1 and confirms receipt thereof 

back to 1- l via UTP 1-6, repeaters 1 "5, AC power bus 1-4, repeater 1-3 and UTP 1-2. 
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While twn workstEtions networked together peer-10-peer constitute the minimum configuration of a network 

aml do net require sophisticated network arbitrat!an. many commercial network products assume that additi•nal 

worksta1ions, represented by 1-10, may be connected to trrn network. seeking network access simultaneDus with 

other workstations and rnquiring CSMA/CD. in a PLC LAN repeater, arbitration protocols peculiar to the PLC 

5 em1imr.ment need to be serviced transparently to the workstafo11s/usars. 

Figure 1 also illustrates a segmented bus configuratmn comprising both a conventional hard·wired LAN bus 

segment 1-12 network and a PLC LAN imerface 1-11. In this example, thr: LA~J bus 1•12 nmworks physically 

proximate workstations together (not illustrated), while the Pl C bus segment 1-4 could network physic,illy ltlss 

prnximate nr more mobile workstations 1 · 1, 1-7 and 1-10 to the network via PLC-LAN 1ntarface 1-11. Interface 1- i 1 

10 is a!so a "repeater" similar in hardwarn to rnpeater 1-3, but may include scttwarn/firmware which identifies and 

repeats only thusa LA~l packets/data :addrnsse!i t!l wmkslations 1-1, 1-7 and 1-10 011 the PLC Lf\N segment 1-4, 

thBrnby rnducing the data tratfic load 011 said PLC seumant 1 ·4. in large networks involving many workstations, a 

plurality of PLC LAN segments 1-4, each operatmg an its e}clus1ve PLC frequency and servir.ed by its respective PLC

LAN interface 1-11, may be networked together tly means oi the instant invention, while sharing the AC power 

15 distribution bu, through frequency domain rnu!tiole access ilr other mu!tipiE! techniq!ias such as code division multiple 

access. 

Refarring slill to Figure 1, other communication devices besides workstations may be represented by 

workstati[lns 1-1, 1-7 and 1-10. For e}amp!e, embedded microcuntrn!im 1-1 and 1-7 with communication ports 

could be netwmked through embedded repeaters 1-3 and 1-5 with a host contrn!ler 1-10 which monitors/controls 

20 the operation at the equipment hosting said micrncontrollers. A relatively simple network communication and 

arbitration Drotocol cnuld be administered by said tlost repeater 1-8. Such protor.ois have been developed for 

appiications such as utility memr reading and industrial control systems. 

Figure 2 is a block dic111ram of a LAN PLC Repeater 1-3. The LAN connection 1-2 to repea1er 1-3 ls made 

at RJ.45 cmmectar 2-1, which is operatiiy connected via connect!•ns 2-2 and isolator 2 3 to tila oii!erenlia! transmit 

25 and receive ports 2-4 of LAN imertaca IC 2-5. Network Interface Controller (NIC) 2-5 (data sheets may be found 

in National Semiconductor's local Arna Network Databook, incoqiornted by reference) is a generic, multiple-sourced 

part which is common tc most sophisticated lA~J networks and contains tho hardware registers, connections and 

logic/firmware to transmit and receive high bit rate lf\N signals with standardized prnamblas, packet sizing and 

CSMAiCO collision arbitration. A mndard RAM (Random Access Memory) 2-6 sufficient size is operatily connected 

30 to rJIC 2-5 via memory address and data bus 2-7 to stern incoming and outgoing data packets: i1) incoming packets 

which have been received from LAN connection 1-2 and are waiting to be transmitted further by µG 2-9 ancl (2) 

outgoing packets which were rnceived by pC 2-9 and am waiting to be transmitted back through LAN connection 

2-1 to the network 1-2 or LAr~ card of a workstation 1-1. The repeater is controlled by µC 2-9, which is ~perably 

connected tn MC 2-5 via control, data and address lines 2-8, permitting rhe µC 2-9 to setup and control the r~IC 

35 2-5 and transfer data packets bidirectionally into/out •f the packet buffer 2-6. Ir. addition, pC 2.g has 

communication parts, both parallel and saria!, for communicating LAN data with wired and/or PLC interfaces. Same 
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commsrciai µC's, such as the Intel B:1C152 (an 8031 ciarivative, data sheets for which rney be found in Intel's -Bit 

Embedded Microco11trnller Handbook, inr.r,rpornted by reference) contain high-speed Giobal Serial Channels {GSG) 21 O 

which are capable of 0.1 - 10 Mbps serial data uansfer with CDMA/CD protocol registers and firmware at a 

reasonable cast, which facilitates data ii• for a high-spesd PLC transceiver i2-11 through 2-17 or Figure 4), which 

5 is apernbly connected to the global series channei 2-10. Transmit data TXD from the incoming packet buffer 2-6 

modulates an RF carrier at modulator 2-11 which drives transmitter 2- 12. which trnnsmitter 1s aperably connected 

to the power line bus 1-4 via Filter 2-13 and HF coupler 2-14. Transmitter 2-12 is turned ON by transmit enable 

TXE only when data is transmitted, thus rn!iucing the RF traffic an the AC line 1-4 during latent periods. Data 

receiver 2-16 is oµernbly connected to AC bus 1-4 via RF collpler 2 14 and filter 2-15. Data-modulated RF from 

10 similar repeaters carried i:ly power line 1-4 is received by the receiver 2-16, buffer by high-sp,rn1i comparator 2-17 

and transferred as RXD to globai S!Hial port rncei\fer 2-1 Owhern µC 2-9 semens the preamble! for ID cml,!s/addrns,es 

and arbitrates the diita for transmission on to the U\N interface. Unique ID codes repeater addresses may trn either 

manual!y entered by dipswitch or ,rntomakaliy assigned by network surervisory software under automatic m user 

controL For exampie, manual entry m code switches 2-22 apernbly connect to a port at the µG 2 9 via lines 2 21, 

15 and may be used to unique!y identify address and security bytes in preambles and/or determine arbitration backaff 

delay times, etr.. Factory-burned lD codes can also be obtained with specialty or ASIC designs. 

Figure 2 also illustrates alternate LM and data sources for the PLC repeater. The µC 2-9 pro11ides a 

standard serial comm port 2-20 which connects to a s,!rial 11ort interface 2-19 arid connector 2-18, con!igurin1; 

repeater 1-3 into m1 RS-2320 UUJ repeater, in which H1e PLC clata transcei11er operates at substantially hit1her data 

20 rnt0s ithan the 115.2Kbaud RS-2320) to unburden the AC powar bus 1-4 LAN. (The Network Interface Controller 

and associated parts wmild be removed, it unused in this alternate embodiment.) iN some network canfigmations, 

parallel port interface components could be operabiy connecrnd in place of serial components 2-18 and 2-19 to a 

parallel port on µG2-9. Alternately, the GSC port 2-10 could be opernbly connected to an RS-485 LAN via a 2-19 

interface like the LTC490, while the µC serial port 2-20 T~D and RxD lines could be operaiJly connected to the TX• 
25 and RXD 1/0 2-11 and 2-17 of 1he PLC transceiver. In its simplest embodiment, the TxD and f"Ml iines 2-20 may 

be opernbly connected to TXD and RXD lines 210, providing a repeater requiring µC; PLC transmitter 2-12 and 

receiver 2-16 have been operated simuitaneously an different carrier frequencies to provide foil dupiex serial operation, 

if required by the LAN application. Aiternately, the transmitter in a no µC system may be enabled oniy when data 

is trnnsmitted, to permir PLC LAN operation with a singie frequency. 

30 Figure 3 presents a detaiied working schematic of the lf,N interface and 10 Mbps to 1 Mbps converter. 

Jl 2-1 is the RJ-45 connector to tile LAN !ins/card of a workstation. U3 2-3 is the Isolator/Filter for Ethernet 

10Mbps lines. U 1 2 5 is the NlC chip, a 1Jationa! DP839•2A, the complete specs for which am found in Natiorrnl 

Semiconductor's local Arna Network !Jatilbook, already incorporated by reference, whir.h also contains comprehensive 

dacurmmtalion on the Ethernet IEEE 802.3 standard. Several Network Interlace Contrnllars are available from various 

35 manufacturers fm Ethernet as well as other popuiar network standards, such as Arcnet and Taken Ring, which may 

be operably connected to µC U6 2-9 in place of Ethernet NIC 2-5 and the correspomling connectors 2-1 through 2-4. 
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Referring stili to Figure 3, an BKhyte RAM packet b11ffer U5 2 6 is opernbly connected via address latch U 7 327 

to the memory address arid data parts of NIC 2-5. The size of buffer 2-6 may be eniarged or reduced somewhat 

to accommodate network data capacity. system operation and budgetary constraints. Repeater µC UB 2-9 is 

opmbly interfaced with NIC U1 2-5 via latches, U13, U14 3-25 & 3-26 and PAL U15 3-28. The timing diagrams 

5 and PAL 3-28 logic diagram am i!ppended hernwtth in Appendix B. Additional functions 20 MMz clock 3-29, 10 MHz 

divider 3-30, status drivers 3-31 and status indicators 01, 02. ar.d 03. While one errnbli~g embodiment has neen 

represented, those skilled in the art wdl apprnciaie 1hat o1har apprnachas and simplifications can be implemented 

without departing from the method presented herein. 

Referrii1!l 1r. Figure 3 again, the µC 2-9 may contain masked ROM firmware or may be operably connected 

10 with external EPROM U9 3-9 for development purposes. A pssudo-codri listing follows: 

lAr~ PLC REPEATER PSEDUO-CODE Fl.OW SHEET 

RESET ON POWER UP 

STARTUP SEQUENCE 

'lnitiali,e µC sets up Hm commm1ications registers for Manchester 

15 'Encoding with CSMA/Cll A 16-bit CRC is selected and the preamble 

'is set to 8 bits. The seria! rate is set to 1.25Mbps. 

20 

25 

INITIAZUE µC 

GMO• Register 

Select Manchester Encoding 

Select CSMAiCO 

Enable Cf!C, Select 16-bit CRC 

Set preamble to 8 bits 

Baud Register 

Set seria! rnte at 1.25 Mbps 

Disable all interrupts 

Enable receiver 

Set transmit status rngister to nmmal operation 

Set address mask registers to don't care state 

Initialize SL OTHA (slot time mg ister) to 2ps 

30 'Initialize NiC divides the 8K buffer into 2 Xmit butters illld 20 

35 

'255 byte pages for the receive ring. Data is handled a byte at 'time ,rnd the FIFO to receive butter ring occurs 3 

bytes at a time. 

'The CRC is appended by the transmitter. The receiver rejects 'errored packets. All valid packets am received. 

iN!TlAUZE NIC 

Setup BK xmit/rcvr buffer 

Setup 2 Xmit buffers of 1536 bytes eacl1 
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Set remaining 5120 bytes as receive buile:r ri11g 

SETUP NlC REGISTERS: 

Data Configuration Register 

Byte wide OMA transfer 

Normal operation 

FIFO set to 8 bytes 

Transmit C•n1igurati•n Register 

CRC appended by transmitter 

Normal operation 

Normal bac koff 

Receive Confi[!Uration Register 

Reject µackets with rnr.aive errors 

Reject packets with fewer than 64 bytes 

Accept broadcast packets 

Accept all packets {prnmiscuous mode) 

Buffer packets to memory 

'The µC Receive Routine keeps track of the current NIC nansmi! 

'buffer then loads that buffer data as it is rnceiv;;ij i~ Hm 

'µC Receive FIFO. 

20 RECEIVE Routine: (µC ROUTINE for µC ta send data to NlC) 

25 

30 

3
,, 
::i 

Choose free NIC transmit butter 

iF NIC transmit buffers fuJl, THEN 

Discard rnceiver and GOTO TRi,NSMIT 

Check Receive FIFO for Not Empty (NEi flag on µC 

Read byte from Receiva FiFO 

Check Receive FIFO NE flag on pC 

IF rno Empty, THEN validate byte !No collision par.ket byte) 

IF transmit pending, THEN 

Restart backofl 

ELSE GOTO RECEIVE ROUTINE: 

ELSE GOTO READ ROUTINE (Valid Data Packati 

READ ROUTINE: Write byte to NIC transmit buffer 

Read FIFO NE tlag 

IF NE flati asserted, THEN GOTO HEAD ROUTINE 

ELSE write last data byte to r~lC transmit RAM 
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(Pack£:1 has been read and written to NIC) 

Check receiver for receivr:, mr,rs 

IF r,o errors, rHEN 

Instruct NIC to transmit Packet 

ELSE discard packet 

GOTO TRANSMIT 

'The µC T rnnsmit Routine checks its Glab al Serial Channel (GSC) for 

'a not busy state. if the GSC is not busy then tile µG mads packet 

'data from the NIC anci loads the TX FIFO. 

PCT /US98/11107 

10 TRANSMIT ROUTINE: (rnutine for ;.1C to get data irom Nlf:) 

15 

20 

25 

IF NiC has received a valid packet, THEN 

IF Global Serial Charmei (GSC) is not busy, THEN 

Get jlllinter tn received par.ket 

Read 2 by1es from ~JIC 

Save 1st byte [this is a pointer to the next received packet) 

Read 2 bytes from ~JIC 

Save these bytes in nriabiE: ByteCount 

LOOP 

Wait TX mo rJot Full (NF Flegi 

Re.id 1 byte from NIC 

Write 1 byte to µC TX FIFO 

Decrement ByteCoum 

ErJDLOOP (When ByteCount 1s zero) 

ELSE GOTO RECEIVE ROUTINE 

An additional routine services AC PLC nus collision avoidance ar.d access mbitrnt1011. The method requires 

each repeater (with data to send) seeking access Hi a particular frequency or channel of the AC LAN bus ( 1) to listen 

30 to the bus traffic and, upon detecting the termination of a thir!i party transmission, (2) to wait a minimum of 20 

,us plus a random additional time (in 5 µs increments) before transmitting a short access request. (3) Following the 

access requesl, the rnceiver lis1ens for 15 µs and, upon detecting no oth£,r carrier, the repeater µC tiegins date 

transmission with contidence. The dipswitch 2·22 may he used to provide a unique backoff or wait time for each 

repeater in addition 10 providing a unique IC code/arlciress. 

35 The universal 1ntarlace Gilpabilities of the controller 2-9 with its parallel and serial ports provides 

the capability tor embedding the PLC rnpeater in computers and equipment with embedded controllers which aiready 
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connect to the AG power system of a premises, thereby networking the equipment with other similarly equipped 

devices and users simpiy by connecting the AC power. The pt1ysical size oi such system and its associated cost 

could tie reduced by utilizing the existing embedded contrniier and it, seriai port as the repeater contrniler and merely 

interfacing it to a compatibie embedded PLC transceiver. Tim embedded controller would require the addition of 

5 appropriate network arbitration and contrni software/firmware. Stat1rnf-the-art design and manulacturmg techniques 

reduce size and cost of repeater systems to attractive marketing levels. 

Referrinii now to Figure 4, a versatile PLC data transmitter and receiver am shown which provide 

IJC to 2 Mbps data rates. No Manchester or other encoding is required. Wideband data or analog signals may irn 

transferred in original form. The data interlace of the transceiver comprise four data lines: a tr;rnsmit data inpu! 

10 line GTXD, a transmitter enable input line TXE, a rnrniv;, data output line GRXD and a carrier detect output line 

CARD ET. These lines correspond to their counterparts at 1 he Global Serial Channei 2-10 of Hm 1-1C 2 8. GTXD darn 

voltage levels are coupled to varactor diode D7, which is capacitively coupled to the frequency determining 

components C18 and C22 at the law-impedance port Gf oscillator 211, of which transistor Q.3 4.33 forms the active 

element. Changes in reverse voltage across 07 result in corresponding inverse changes in the junction capacitance 

15 of D 7 which change ,he resonant frequency of oscillation determined by l3 and the combination o! G 18 with the 

other capacitors C 19 through C24. Driving the iow-impedance r,ort of oscillator 2-11 at the collector of 03 4.33 

minimizes the negative impact of difhmmtiated DC voliage shifts on the delicate bias of [13 4-33, which DC sifts 

correspond to differentiated data coupled through capacitors G 19 and C22. The oulput of 03 drives a class D 

output stage 2-12, which efficiently drives the power line through filter 2 13 and RF coupler 2-14. The :mverai 

20 stages of transmitter drivm bufier the oscillator 2-11 from AC li1rn capacitance and load changes. A class A 

trnnsmitter output may be employed to reduce harmonics but with decrn,m:cl efficiency. The transmitter enable TXE 

circuit 4.34 connects to the base of 03 4.33 through DB to turn the oscillator 2· 11 off. The cirrnit of 4-34 may 

be configured as an inverter (for operation from a contrnl!er) or as a resetable monostabie multi11ibrator (for enabling 

the transmilter only when dala is presented to the da1a input). 

25 Figure 4 also shows a data receiver 2· 16 which is coupled by 2-14 RF coupler and filter 2-15 10 

the AC power bus. The filter 2-15 selects only the desired frequencies and matches the impedance of the AC line 

to that of the receiver input pin 1. The receiver 2-16 is a high performance superhetrodyna design with local 

oscillator, mixer, 2 stages of IF gain/filtering and limiter with quadrature detector, providing over 90 dB of RF gain 

with DC to 2 Mbps data responsB (Philips SA 636 version). The receive; 2. 16 local oscilla1or supports either (1) 

30 crystals, (2) LC oscillators or (3) external osciilator/synthesizers. Use of a synthesizer permits contrniler 2-8 selection 

of LO frequencies for FDMA and frequency hoppin;1 configurations. Receiver 2-16 has both a data output and a 

competent FSI (Field Strnr,gth Indicator) output, which are buifered by high speed comparators 4.35 and 4.35 such 

as LM318 or LM360. It should be noted that an analog ilu1ier can he connected to the demodulated signal output 

(pin9) of the receiver 2-16 for recovery of Wideband anaiog or composite anaiogidigitai signals. The FSI CARDET 

35 output supports the RF carrier detect input of the repeater controller 2-9 for pmforming AC bus arbitration. The 

CARDET and GRXD buffered comparator outputs may be connectE:d together in a wired AND configurntion to provide 
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daia output only when BOTH the carrier is present AND data is I1resent. The receiver 2-16 is so seiectivr: rh2t 

multiple receivers ar,d transmiiters may be used simultaneously in a repeater ta increase data rate, increase channels 

or network together AC power line LAN segments. The transmitter and receiver are fuily capable of RF LAN 

operation which. in conjunction with the competent collision avoidance and arbitration, would provide competent RF 

5 LAN segrmmts far many applications. 

11 should be noted that alternative commercial campImer.ts of competent specifications can be used 

for the components specified herein. Alth•U!Jh this mventinn has hmm illustrated in relation to r, particular 

embodiment, it should not be considered so limited except by the appended claims. 

Alternative embodiments of the PLC trnnsceiver hardware can provide significant imprnvemm11s 

10 in data rate while increasing system reliability, Th0sH altmnatives mnpioy a different mmiulatian technique than the 

FSK described prnviousiy, where detection was done by anaiog comparator DC threshold adjustrnm1ts in reference 

to an analog demodulated FSK data waveform. This previously described FSK modulation te1chnique produced a 

waveform which at high data rnte exhibits a rnmµing/serni-sinusaidal characteristic (instead of the ideal DC square 

wavus produced at low data rates). The alternative embodiment described following, uses a Ditfernntial Frequency 

15 Shift Key (OFSK) in conjunction with the FSK modulatian technique. OFSK produces sharp data edges for triggering 

the data detector and further permits AC caupiing af said data edges. improved speed oi data demodulation, and 

increased data rnliatiiiity - less subject til syswm tempernturn coefficients, while minimizing the required effective 

bandwidth for a gi11en data rnte by c1mt1ning morn enerrIY arnm1d thll cm rim ireqmrncy. 

Further imprmmments are incorporated in this alternative transceiver embodiment, including: 

20 improvements in RF and IF filters to prm11!i1, wider and fla!IE!r pass bBnds while maintaining reliability with changing 

data compositions, an introduction of a realignment bit in the data iO provide the means for allowing the recei11er 

10 rn-syr.chmnizing with each in-corning byte, improvements in carrier detection and acknowledgment and an improved 

controller. 

These improvements permit il dramatic improvement in •ilta rate and bit error ratIi across the PLC 

25 interface, from previous speeds of 100 to 350 Kbps ta 1-3 Mbps. The toliowing discussion describes prior 

modulation circuits, their characteristics and the current best mode of the invention utilizing the OFSI< modulation 

techniques. 

Figure 5 il!usuates a standard quadraturn detector for demodulation cf FSK carrier signals. Tile IF limited 

output 5-51 of a receiver IF section (Im example as shown on Figure 4 at U 1 2 16 pir, 1'I) drives dirnctiy the iirst 

30 input 5-56 al a quadrature detector 5-50 (which is typically an analog Giiban cell multipiier). Silid iF limiter also 

drives loosely, through a small-valued, high-impedanr.a capacitor C1 5-55, a quadrature tank circuit composed of an 

inductor L 5-56, an ca1iacitor C 5-57 and a resistor R 5-58. The capacitor C1 5-55 is typically a small value, such 

as 5pF in oider to avoid swamping the transfer fllnction of the quadrature tank circuit. The typical values of L 5-56, 

C 5-57 and R 5-58 depend cm the carrier frequency. Fm example: for a 10.7 MHz system l 5-56 would typically 

35 be 1.5µH, C 5.57 would typically be 139pF, and R 5-58 would typically be 2.2KG; while for a 20 MHz system 

L 5-56 would typically be 1.5µH, C 5 57 would typically be 38pF and R 5-53 would typically be 4.7kQ. The 
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quadraturn tank cim11t drives the secm1d input 5 52 of the quadrature detector 5-50. Tha quadrature detector 5:50 

is a multiplier which jlroduces an output voltage QuadOut 5-53 that is the product of the twr. sine wave input 

signals. The double ireqwrncy output camponem of QuadOut 5.53 is fiitered and ampiiiied IJy the detector buifer 

amplifier 5-54, lea~ing the phase diffarantial component VouAn 5-59 which varies in rrmgnitmie ,;wirding 10 tlm 

5 frequency ditfimmce between the IF frequency rnce1ved from a transmitter 5-51 and tti!: qua~roturn tank resonant 

frnquency determined by I. 5-56 and C 5-57, as describ8d iri Figure 6. VR,f 5-66 is maintained at a 11oltage between 

thB VnuAo 5-58 FSK 1 2nd [l levels, hy the diodes 01 561 and •2 5-62 Cornparatm/Data Siicer 5-60 outputs data 

5-64 at iogic levels to a deserializm. The quality of the Data Siic1Jr 5-60 is determined by how well it deiirn.1s Eli 

recovers from VouAo 5-59 the edgns of each data bit. Indeed, the qua!ity cf a complete modulation and demodui,;tion 

10 system is determined by how faitrrfully data is transferred from the data transmitter to the data receiver. Prior data 

slicers exhibit two significant probimns lhat are overcome by Hm prnsent invemion: 11) sensitivity to voltage drifts 

in VauA• 5-59, and (2) sensitivity to high data rates and data campasitiari. as illustrated in the discussion and tigurns 

that follow. 

Fi!1ure 6 illustrates that VouA• 5 59, the output of the quadrature d0t,1ctor buffer ampiifier 5-54, varies 

15 limirnly with IF freqmmcy within a 400KHz range. The attractive feature of this !ype of demoduiamr is that Vau.~a 

5.59 is a DC love! signal dirnr.tly rnlated to freQUBncy, 1.e., a 200KHz lF signal f0 produces a +400 mV VauAo 5-59 

sigr,al and a + 200 Khz iF signal f1 produces a -400 mV VauAo 5.59 for low to intermediate data rates. The 

comparnt!lr 5-60 rnfernnrn voltage Vm 5-66 is mamtaimid at a voltage corresponding IO the virtual center frequency 

f, between f1 and f0• Figure 6 also shows Vou.n drift as a !JC offsat to the quadrature detector transfer 

20 characteristic at ( about VR,F· VcuAiJ drift is caused tiy the sum of temperature cosfficiBnt and l!rng term frequency 

drifts of the transmitter and the receiver local oscillator in addition to the temperature coefficient and mechanical 

11i!Jrn1ion drifts oi the quadrature coil L 5-56 and capacitor C 5-57. The temperature coaffic1ent drills of quadrature 

detector 5-50, builer 5-54 and cmnparator 5-60 are minor because V ouAo is in the 400 mV range. 

The prior DC coupled da!a slicer illustrated in Figure 7a may br: less sensitive to data composition but is 

likely to be vary sensitive to V0u~o drifts. A second prior data slicer circuit, shown in Figure Ba, can track 

tmnpernturn coefficient and drift changes for low data rates, but no for high data rates or mixed data campo&iiior,s. 

At higher data rates, the VauAo buffer 5-54 slew rate combirmd with the time domain response limitations 

dlle to the bandwidth of the ff filters produce lower amplitude VuuA• output signals arn shown in Figure 7h. A lower 

data rate 3 bh long (0 0 0) VouA• signal is campamd to ii higher data rate single bit Vc,Ao si!Jna! (I) 1 0) While 11 

30 through t3 is the period oi a sir:gle high data rate bit, t1 througt; t7 is the period of a 3-bit long VnuAo signal. A, 

the higher data rate, the peak amplitude cf VauA• at t2 and t4 is significantly lower than fur the 3-bit long VuuA• 

signal peak at t4 1and t10). 1he uariation m Vou•n peak voltage with data composition is significant enough to foil 

the opm:1tion of the VREf bias circuit of Figure 5, but no! !hat of Figure 7a, which iliustrates a prior DC coupled data 

comparator with fixed referenrn (V mri as set by resistors R 1 767 and R2 7-66. R 1 7-67 and R2 7-66 are typically 

35 set 1a 1 kD. IM while the DC coupled comparator oi Figure 7a is able to slice the data from higher data rate or 

rnirnd data composition VauAo 7-68 signals illustrated in Figure 7b, it ye:l mqrnriences significant data edge and bit 
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width symmetry difficulties whan enccunt.:ring tampmature coefficient and signal drifts. Figure 7c iliustrates the 

negative effects of VauAo 7-88 drift on the data 7-69 signal. The width of the O bit is totally truncated form t1 to 

t3, while the width of the 1 bit is expanded accordingly. 

Figures 8a through 8c :llustrate the operation and disadvantages of the FSK data slicer 8 70 with tracking 

5 reference VREf 8-71 provided by diodes 01 873 and 02 8-74 and hold capacitor C,,:; 8-75. D1 8-73 and 02 8-74 

become forward biased during the µositive ar.d negative peaks of the FSK Vau•o 8-72 signal and ensure that Ch,1, 8-75 

is charged tel the peak FSK VauAll volt.age v,iillE! less the diode forward 111,llage drop (about 40 mV). Thus, 1f the gain 

of buffer 5-54 is adiusted to provide an 800 mV µeak-to-peak VuuAo signai to D1 8-73 and 02 8-74, C,010 8-75 will 

be charged by 01 8,73 and 02 8-74 after a few iower data rate alternating bit cycles to an intermediate value nf 

10 VmI halfway between !he tlrnil and 1-rail o! Va,A• 8- 72 thct ideally provides adequate comµarntor 8 70 "slicing" of 

data from VauAO 8-72, as illustrated in Figure Sb. However, as illustrated in Figure 8c, when lower anwlitude high 

data rate signals are used (for which the peak amplitude of VauAu 8-72 is reduced below the forward voltage drnp 

cf 01 873 and 02 8-74) or when long strings of 1's or O's presen1 in the data, the slicer V0ff 8-71 begins ta drift 

off of the ideal center voltage and causes corresponding data edge and width distortions as stmwn in Fi1p1re Be. 

15 The width of high data rate bits m t2-t8 are sigr.iticantly distorted. And while the string at l's at t9 t• t13 may 

have rnmijusted V"u for a time, at t12 other drift factors such as diode D2 8-74 leakage m comparator 8-70 input 

bias cur.er.ts have started changing the charge on Ch,:, 8 75 with the attendant drift of V HEF 8- 71 I 

Figura Ba i!lustrntes a OFSK data detector 9-77 which overcomes the iimitatim1s of prior detectlirs. Both 

comparmor inputs 9-78 and 9-79 are DC biased identicaily by means of R1 9-80 and R2 9-81 through R3 9-82 and 

20 R4 9-83 to Vw 9-88 and the VauAo 9-84 DFSK signal illustrated in Figure 9b is AC coupled to thE: inverting 

comparator 9-85 input (VauAO 9-78) through capac1tu1 C3 9-86. C2 9-87 bypasses or filters VR,f 9-88 from the AG 

signals at both inputs 9-78 and 9- 79 of the comp amt or 9-85 passed to VRlr 9-88 thrnugh R3 9-82 and R4 9-83. 

R3 9-82 (from the DFSK V0ui\n 9-78 signal} and thrnugh 1-14 9-83 (from the1 V.mf 9-79 noniml8rting input of 

comparator 8-85). 

25 Figure 9b i!lustrates the nature of DFSK VuuA• signals as they arn detected by a quadrature deter.tor. 

Oiiierential frequency signals may be characterized by a short decrease in frequency t• represent a falling edge {or 

high to low logic !evel change) in data. The term "differential frequency shift key" arises because tile Of-SK V oufto 

data looks iike the derivative or differential of the FSK data described in Figures 6, 7 and 8. A DFSK modulation 

!echniquE! will be described in Figura 11. Figure 9t1 rnprrnmts the signals at the inverting input N•uAo 9-78), 

30 nonin~erting inpt1t \/ ,Rtf 9-79 (the dashed lined) and data output of data slicer comparator 9-85 of Figure 9a. The 

inverting input signals VauAo 9-78 comprise a DC component equal to VRu 9-88 and en AC component equal to VnuAo 's 

DFSK component. Thus, at tO the carrier frequency is f0, V[iuAo 9-84 is at its median level, and VauA• 9-78 is at V~rr 

9-88, its DC level prnvided by R3 9-82. AT t1 ir: t4 a DFSK falling data edga signal is detected as a positive pulse 

at VauAo 9084 and transferred throuqh C3 9-86 to V0w,• 9-78. Meanwhile, at tO VR,; 9-79 is more positive than VliEF 

35 9-88 due ta the voltage divider actio~ nf hystmesis resistor Ri, 9-89 with R4 B-83 and the logic level 1 data output 

voltage of the comparator 9-85. BK 9·88 and B4 9-88 and R4 9-83 are judiciously selected ta provide sufficient 
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hysmresis to permit noise reduction of !rnlf the V•uAo E-84 peak signal le\lel •r 200 mV (sines !he peak value of V~uAo 

9-78 is about ,ioo mV). Thernfore, wher. the VauAa 9-78 signal rises at t2 to V,s,ro· comparatm 9-85 output state 

toggles !o logic O with a cormsponding change in V,REf 9-79 to V.mf"• l\t t4 VauAu 9-78 rnturns 1/REf 9-88 until t5, 

when a negativr: going VouAD 9-78 voltage {1 level data edge) OFSK transition starts. At t6 VnuAti 9-78 drops to the 

5 V ,RE,1 voltage, the comparator 9-85 data output aga111 toggles tram O to 1 logic !e\lel with a corrnsponding to a 

change in V ,m, 9-79 to V ,RrPo where the reference mput of the comparator waits until the next O level t1 to t4 type 

V uui.o 9-78 signal is 1latected. 

Because the DFSK signal defines the edges of each data level change, there is no temperature drift or data 

composition component that foils the operation r,f the comparator 9 85 DATA output 9-90, as illustrated in figure 

10 9c. The time constant of C3 9-86 and R3 9-82 is selected to ba !1Jll!l mmu1ih to pass Of SK VnuA• to the inverting 

input of comparator 9-85 (Vau~o 9-78) but short enough to reject short term DC drifts present Vau,o 9-84 due to data 

composition changes and to adiust quickly to tile transient DC change from noise tn preamble exhibited u1mn initial 

receipt of a packet. The time-constant vahrn (r,, R3 8-82 x C3 8-86) can be about 5 µs for data rats in the 

megabit range. Hysteresis in the comparator circuit (provided by RH 8-89 and R4 9-83) provides the same noise 

15 rejection ciiaracteri,tics as ordinary FSK and in the instant circuit may be 400 mV total for an 800 mV peak-to-peak 

V ouAn 9-84 si!Jnal. On put oft set drifts in comparators are typically below the millivolt level, whi!B signal levels are 

hundreds o1 millivolts.) Typically, in the current best mode of the in\lention C3 9-86 is 470 pf; C2 9-87 is .1 ,uF; 

R1 9-80 is 1 kO; R2 9,87 is 1 kO; R3 9-82 1s 10 kO; R4 9-83 is 33 kO; and RH 9 89 is 470 0. 

A furtbm modification to the OFSK demodulation scheme provides for peak detection of the demodulated 

20 data pulses, since the. time location ot DFSK peaks tend tn ha mare stable with variation in ma! modia amplitude 

and phase attenuation characteristics. A peak detector is il!ustrnted in Figure 9d. The pBak detector consists oi 

two sets of analog \/Olta[IE: comparators 9-91, 9-92, 9-93 and 9-94, one set of which (9-93 and 9·94) detects the 

level of the peaks of tha ctmnodulated data signal (through C3 9-95 and R3 9-96) and another set of which {9-91 

and 9-92) detects the zero-siopa of the peaks by differentiating tfle demodulated signal (through C5 9097 and R5 

25 9-98). The time constant of C3 9-95 and R3 9-96 is selected to be ionger than the data time constant (r = 470 

pF x 10 kQ • 4.7 µs), while the time con5tant ol C5 9-87 and R5 9-88 (T = BB pF x 1 kQ = 68 ns) is selected 

to he short with respect to the raw data waveform V auAo Bias and reference levels far the camparntors arn provided 

by R 1 9-98, R2 9- 100, H6 9-101, R7 9-102, R8 9-103, and R9 9104 providi11g the upper and lower peak detection 

reference vnitages DU 9-105 and DL 9-106 for AG-coupled data VD, permitting peak detection 10 he performed by 

:{• comparators 9-93 and 9-94. R6 9 101 and R7 9-102 provide ZU 9-107 and Zl 9-108, the upper and lower 

references for zero slope detection by comparators 9-91 and 9-92. The open collector outputs of the comparators 

require puil-up resistors (R 11 9-109, R 12 9-110, and R 13 9-111) and may be connected in a wired-NOR 

configuration, which for comparators 9·91 and S-92 11rovides ;, 1 output for ze;o,slope signals. The peak and zero

s!ops outputs are then logically Al\iOed by NANO gates 9- i 12 and 9-113 to pro11ide trigger pulses corresponding to 

35 the positive and ne11,1tive peaks of the demodulated data signal. The pr,sitive peak pulse trimiers the "O" state oi 

the RS flip flop compnsing gates 8-114 and 9-115 while the negative peak pu!se triggers th!: ''1" state oi said RS 

SUBSTITUTE SHEET (RULE 26) 

DEF0000507 

IPR2020-00036 Page 02742

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2742



WO 98/59254 PCT/US98/11107 

-17-

flip flop. In the current best mode ai the invention the components have the following i!alues: C5 9-97 is 68 pF; 

C2 9-116 is .1 J.1F; G3 9-95 is 470 pF; R1 9-99 is 1 kQ; RZ 9-100 is 1 kQ; R3 9-96 is lOkQ; R5 9-98 is 1kQ; 

R6 9-101 is 8.20; R8 9-103 is 750' R9 9-104 is 750; R11 9-109 is 4700; R12 9-110 is 1k0; and R13 is 1k0. 

It should be noted that digital signai processing hardware and firmware r.an provide many of the demodulation and 

5 data detection hmctions described herein, but at ihe higher cost of DSP chips and AiD comrnrter interfaces. 

Figure 1 D compares the frequency spectrnm of FSK and DFSK modulation and illustrates the beneficial 

bandwidth consumption characteristic of OFSK over FSK. AT low data rates (Fig urn 1 Oa) FSK is designed to produce 

a fixed shift or deviation determined by the two frnquenci!ls assigned t£l 1 ha T and 'O' data bits, the deviation 

idiffernncel of which is determined ~Y the demodulator transfer function or curve {illustrated in Figure 10 as f0 and 

10 t1 ), The 1mwer of the FSK transmission is divided equally (for data with equal averages of 1's and O'sl between 

the 1wo frnquencies. At high data rates (Figure 10b) FSK exhibits side:bands spar.ed from the center i,. At high 

data rates (Figme 1 Od) OFSK exhibits sidebands of ttle same width as w1ti1 fSK, but the magnitude of the sidebands 

is suppressed by .s much as 1 OdB compared to FSK, requiring less filtering of transmitter sidebands and better 

prnpagation through receiver tilters. 

15 DFSK modulation of a carrier is easily impiemsnled with a 5-stote digital state machine (driven by a 4 x 

f, cir.ck) as illustrated in Figure 11 a, because (1) or.iy one carrier/clock frequency need be generated or synthesized 

(as oppasml to two wiih FSK) and (2) the rising and faiiing edges of the data are !Jsed to skip or add a state to 

the state machine, producing a higher or lower d1ffarnntial freq!lency shift, respectively. In the case of the normal 

unmodulated carrier f, (with 50i50 duty cycle), the state sequence for one carrier cycle is 1,2,3,4 with states 1 and 

20 2 prnducin[I a high level and 3 and 4 producing a low level. A falling data edge 'O' causes the state machimi ta 

add a fifth state 2' between states 2 and 3, prnducinu the seqmmce of 1,2,2',3,4 and resulting in a lower 

differential frequency shift corrnspm1ding to failing edge 'O'. Similarly, a rising data edge '1' causes the state 

machine to skip sta1e 2, prnducing the sequence 1,3,4 and resu!1ing in a higher diflere11tial freqtJency shift 

corresponding to rising edge '1 '. Thus, the DFSK state machine and modulation technique effectiveiy has 3 symbols; 

25 n) the rising edge of data, (2i the faiiinr1 edge of data, and {31 no data edges or state changes, which further 

distinguishes •FSK from o1her modulation techniques (FSK, QFSK, PSK, O.PSK, etc.I that have 2 or 4 or morn (even 

numtiers) symbols, but not 3. It should be noted here that the 5-state digital state machine in practice employs morn 

states to permit setup, synchrnnirntion and timin!J of data with carriei. Also, the assignment of data logic states 

to higher or lower differential frequency shil1s may be reversed from 1 he ex.@?ie herein without changing the 

30 substance of the inv1mtio11. 

Additional state machine modifications illustrated in Figure 11b permit selection of alternate data rates while 

keeping carrier frequency fixed by sE!lecting ;, 1neset number n of carrier cycles per bit. A presetabie divide by n 

counter may be added to the state machine to provide a data clock which is presetable submultiple of carrier 

frequenr.y. Thus, a 6 MHz carrier would pro11ide bit rates corresponding ton as follows: 1200 kbps for n=5, 600 

35 kbps fer n = 10, 300 kbps for n = 20, and 150 kbps for n =40. Selection of bit rate without changing carrier 

frequency by system contrnllers permits negotiation of bit rate for servic1n!J a variety of device types on a network 
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as weli as accommodating varyin11 powm lme prnp;,gaticrn charact eristir.s. For example, a lowest cost light switch 

node may be implemented with 150 kbps mnrrnllthic fiitm and rm data rate negotiability, while a moderate price 

poin! printer node may be oparmed at 1200 kbps with discrete wideband fii1ers and have negotiability designed into 

its controller. By initiating operatian of the m1!work at 150 kbps, then for tha printer and the switch would start 

5 at 40, bur as soon as the device typa and node addrnss warn broadcast for a printer node, the bit rate would be 

negotiated upward from 11 =40 10 n = 20 until n = 5 or until the bit mar rate became unacceptabia for the co11d!tim1s 

of the power line medium at that time, whereupon the n and carrespondin[l data rate wmild back 011 to an 

acceptable selectmn" 

An addition advantage of the OFSK modulator is that the state machine can be configured anc instructed 

10 by a data controller to produce special DFSK characters for control or compression purposes. For example, two 

lower difiemntial frequency shifts c!luld be executad in sequence ta represent a str:ng of 1 's whiiE1 tw!l hiiiher 

differential frequency shifts in sequer:ce could represent a string of O's. This feature is not possible wi!h FSK. The 

state machine has no iimitat10ns !ln its agility regarding which states it adds or Sk!pS, as mstructed. The 

derrmdulator data slicer would require some additionai c11mparntor(s) and logic/circuitry to detect successive DFSK 

15 pulses of like polarity. 

An additional modification ta the carrier generation and modulation state machine includes increasing the 

number of states to permit Muitipie DFSK techniques. For example, subdividing thEl original 5 states by 2 doubles 

the number al states to 10 hali-states (with a corrns1rnnding doubiing of clock frequency to 8 x tJ and permits 

increasing the number of symbols by 2 by skipping or adding 1 or 2 half-states. Corresponding modifications to the 

20 receiver demodulator are required to detect the differing responses !o the 1 and 2 half-state symbois. Since a 1 

half-state shift produces half the differential frequency shift of a 2 half-state shift, a quadrature detector prnduces 

pulses of hall the amplitude for the 1 half-state shift with refamnce to a 2 half-state shift, which is the normal shift 

for standard OFSK, 

A further modification to the r..nier generation and modulation state machine includes modulation shaping 

25 methods that more consistently define data edges a1 high bit rates, which modifications either prnfo or append to 

data symllols (a) single whole shifts or (il} 1 or 2 half-state shifts which precornpensate the quadrature detector's 

analog data output waveform for more accurate data slicing ot each data llit sequence/combination, 

OFSK, while disrnssed in this spacificatinn, primarily in a PLC application has many similar applications in 

other electronic communicaticm system, including but not limited ta: RF, wirnd, rnlophone line and the equivalent. 

30 Moreover, while this discussion oi DFSK impiies a workstation computer device, this technology can be applied, and 

shouid be considered within the scope of this patent, to any othm electrnnic davices with communicatim1 capabilities, 

incluclin[! but not limited to contrnilers, personal computers, fax machines, printers and telephonic systems. 

Figure 12 illustrates the impro11emen1 in data bit timing accuracy achieved if the data rate is synchronized 

with the carrier frequency l, and clock. Figure 12 shows two data bits of identical iength or ram, XMiT DATA and 

35 XMlT DATA', bu! shifted in phase in rniBrnnce ta the CARRIER modulator. XMIT DATA falling edge XO (,rnd XO'] 

and rising ed[1e X 1 meet the set up windows (low state) for the modularnr starn machine, while the rising edge X 1' 
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of XMIT DATA misses the setup window of the modui;,tor state machine, delayi~g execution of the rrwdulationfor 

rising edge 1 ta 1', 10 the next CARRIER cycle and prnducing a correspond1rig time delay/shift in rising edge RCVR 

DH/, R1 vs. B1 '. Receivad data bit width changes of 1 carrier cycle prnduce significant data errors at the high 

data rates of the instant invention, while prior system date rates, being at least an order of magnitude lower, have 

5 not observed this error source as significant. It should be especially noted that tJoth rising and falling edges of data 

are sensitive to data synchronization witr; the carrier modulator and that the variation in bit width data errnr is 

1:specially exacerbated by data rates that are not related tu the carrier frequency by an even multiple ot carrier 

cycles. Therefore, synchronization of both data rate and phase with the carrier modulator eliminates synchrnnizati•n 

granularity/jitter in the modulated carrier, E!r,abling high data rates. 

10 Another improvement Hmt increases the reliability cf de1ecting/recei11ing the bits in each byte provides a 

reaiignment ilit at the end of each byte. The realignment bit resyr:cilr•ni2es the receiver's deserializer sampling clock 

with each incoming data byte to prevent clack timing skews between the transmitter data clock and the deserialim 

(receiver) clock, permitting low-cost clock references. This differs significantly from other par.ket transmission 

schemes such as Ethernet, which employ 20,00000 MHZ (1 ppm) accurate clocks far !racking s 1500-byte-lang 

15 packet. While the realignment bit improvement is similar in concept rn RS 232 start and stop bits, it differs 

significantly from RS-232 in that i1 i the polarity alternates from that of the last data bit of the byte to further 

distinguish its edge trnm !he last bit, and 12) only one realignment bit per byte is rnquired, effectively reducing the 

overall data rnte throughput ily only 11 % (as compared with 25% for RS-232). This imprnvement permits reliable 

data transfers at higher data rates weil beyond the 11 % hit as well as increasin!J the maximum packet size, while 

20 still permitting the use of law-r.ost clack rnfornnces/crystals. 

Figure 13 illustrates another limiting characteristic of prior techniques usir,g RSSI detection schemes and 

prnt!lcals based on RSSI signals. Figure 13 shows an MC 13158 receiver data book chart for the RSSI response. 

In ne1works involving RF carrier transmiss1ons. each node has i3 transmitter and a receiver, the operation of which 

is determined by the fundamental protocol of the network (client-server, peer-to-peer, etc.). for data transmission, 

25 only mm transmitter at a time is permitted to be active on the medium and then only when the respective node has 

data to send. When not transmitting, each node's receiver is active, producing valid data m spurious noise dapending 

on whether a valid transmission is present on the medium. Prior netwmk arbi1rntion protocols ha~e used the 

presence or absence of carrier as detected by receiver RSSI circuits to determine (1) ,hat the da1a output of a 

receiver is. valid m spurious, or (2) that the medium is clear of other trnnsmissi•ns, permitting 3 node's trnnsmit1er 

30 access to ihe medium. In each instance the response time of the RSSI circuit limits the responsiveness of system 

protocols as illustrated in Figure 13. The response time exceeds 4 f..lS for rise time t, (presence of carrier) and 

exceeds 25 ps for Jail time 11 !absence of carrier) for stronger signals, varying dawn to 6 µs for weak signals. 

Since the length af a byte at 2 Mbps is 4 ps, the six times variation between rise and fall times and the long length 

of the fall time (exceeding 6 data bytes! mate bandwidth consuming protocol delays for send/receive and intergap 

35 spacing operntions when the RSSI signal is used to arbitrate transmissions. 
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Then them am 1wa other problems related to the nose level of the medium, and particularly that of -the 

power line: !1) medium noise pulses trigger counterfeit ASS! signals and false arbitration atrnmpts and (2) the s1gnal

to-11oisa ratio on the medium changes irom one environment to another and at dilfarnnt times of the day, making 

it difficult for a11 HSSI comparntar circuit ta adjust its refsrsncs to rnmairi sensitive ta normally attenuated signals 

5 while ignoring false triggers. 

To overcome RSSI technique and circuit limitations and imprnve reliability of power line network arbitrntion 

the present pre!errnd embodiment of the invention avo:ds thE! use [lf the RSSi signal altogether. relying instead on 

(1 i validation of distinct data preambles to test for adaQuarn s/gnal-lo-noise ranos and (2) special modulation symbols 

called FSK ACK (for Frequency Shift Key Acknowledgment) fo, permitting multiple nodes to acknowledge (respond) 

10 simultaneously to group polls by a network master, lf the signal tu rmiSE! rntio is at least 12 dB, a favorable bit 

error rate rnsults in detection cf valid packet preamble and start byte, packet lenuth hyte, unique node address, data 

peyioad and CRG, which together assurn the reception of an accurate packet Distinctive preamble and start bytes 

are chosen to permit competent comparison logic lo distinguish preambles from power line noi,rn. For example. 

sending a series ai alternating ones and rnrns (/\AH) followed by a 31 H (i.e., lO 101010101010001) produces an 

15 acceptably unique combination for ditlernntieting the start code from noise. Packet length tiytes also provide reliable 

ant:cipation of the packet length end the end of the packet for arbitrating the next transmission by other network 

nodes with minimal intergap spacing. Similarly, the special FSK ACK packet riemibed in Figure 15 permits 

discrimination against normal data as well as power lim1 noise. 

In relation to the detection of special FSK ACK symbols, Figure 14a illustrates several improvements over 

20 prier techniques, which am achieved by substantially increasing the IF frequency: (1 ! the demodulator linezr frequency 

range is doubled, drnmatically der.reasing the sensitivity to the AC coupled DFSK data comparator to ttm temperature 

co0Hicim1t ,rnd mechanical tuning drifts; (2; the FSK ACKnowiedgment signal detection is morn robust iJy setting the 

corrnspond:ng comparator reference miar a demodulator output "mil" which i, also further from the DFSK rnrriar and 

noise; and 13) the iF filter is designed fer flatter pass band and sharper skirts with substantially less expensive 

25 components. Extending the linear range of the quadrature demodulator transfer function (for lF trequency vs. V0lll,n 

voltage out) permits a wider rnnge of temperature coeHicientimechanical drift and tolerance on parts trnm the 

transmitter to the receiver. Extending the frequency range of the demodulator rails also extends the FSK ACK 

frn4uency range, which is jtidicimisly placed near or onto a raii, providing a more robust deviation in FSK ACI( 

freqmrncy from the OFSK carrier to help discriminate against noise in the carrier range. A DC coup!ed r.r,mparator 

30 (FSK data slir.er) may then be employed because the rail tends to .ict as a limiter on Vnu~a as it responds to the FSK 

ACK frequency, permitting the FSK ACK comparator reference to be placed in the linear range next to a mil with 

sufficient margin to accommodate tmnperaturn coefficient drifts and noise, BS illustrated in Figure 14b. Another 

reason ttle FSK comparator works well for FSK AGK detection is that the darn rnte of an FSK ACK signal is 

designed to be much lower then for DFSK data. Placing the IF at a substantially higher frequency also provides the 

35 advantage ot making IF filter design mare practical for obtaining wider and flatter pass bands (and sharper skirts 

for rejection of out of band interference) with economical commerciai c•mpcmm1ts. 
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Figure 15 illustrates ht1w DFSK permits the compatitile use of FSK to produce special characters that may 

be used for group acknowledgment of requests for status of slave devices in a network. At t1 ta t3 normal !JFSK 

operation at the end of a packet is illustrated w:th corresponding DFSK DATA. During t3 to t4 the caHier of the 

master drnps and the noise ievel of the medium creates false DATA wllich is rejected as invalid data by the receive 

5 data controller because it does not meet the start (lf packet requirements for a data packet nor does it meet the 

FSK ACK requirements for an ACK packet. But at t4 an FSK ACK packet begins in which the unmodulated DFSK 

carrier is employed as one frequency fD for a byte (t4 to 15) and the ,mind FSK ACK frequency acts as f1 for 

several bytes (t5 to t6). from t6 to t7 the ACK packet returns to rn far the length of a byte, following which 

carrier transmission ceases and the data and ACK signals detect the noise level of the medium at t8 to t 11. No 

10 realignment bit is required in the ACK packets. By reducing the data rnta (from bits to byte:s or ta the l!lwest bit 

rate of the network) of the ACK protocol, at least two transmissions of equal strnn!Jth may be detected 

simultaneously, which can occur when several remote devices in a network group respond simultaneously ta a group 

poll. Frequencies must be within 10 kHz, which for a 5 MHZ carrier is a reasonable 0.2% (2000 PPM). Commercrnl 

crystals are available wiih 50 pjlm tolerances at low cost. It may also be noted that the iudicious use of the fSK 

15 ACK symilois and protocol avoids tile use of tile unreliable RSSl signal for group ACKs as described herein, 

Because the FSI( ACK signal permits discrimination against normal data as w~ii as medium noise. this 

advantage permits an FSK ACK packet to be employad, mmlified or unchanged, for other sigrrnlin(l ,;pplir.ations in 

a network or control system. Fm example, in a masierfslave network, the FSK ACK could provide an interrupt when 

a slave node requires the services of a master. which reduces poliing frequency. The slave node's own address could 

20 be aµ1.wndad to trrn end af the DFSK trailer on the FSK ACK packet. reducing polling operations. Or ir, a pem to 

peer system. the FSK ACK could he used to notify other users of its intent to broadcast on the medium or to pass 

tokens. Changing the iangth of the FSK portions ct the FSK ACK packet could provide control or identification data 

to other network devices. 

It is to be understood that the above described em•odiments of the invemtmn are merely indicative cf the 

25 inventors' current best mode of the invenfo11 and are illustrative of numerous and varied othe:r embodiments which 

may constitute applications of the principles of tilll irmmtion. Such other embodiments may be rnadiiy devised by 

those skilled in the art without departing from the spirit or scope of this invention and it is our intent that they he 

deemed within the scope of our invention. 
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ROW NAME I FORMULA MIN MAX MARGIN COMMENT 

i C rackl L130l 130 <.[l> <.0> 83902A Read Strobe to -
ACK low 12°bcyc ,- 30) 
only 2 wait states allowed 

2 C rackh [,30] 30 <,•> 83902A Read Strnhe !o -
/\GK High 

3 C ackdv [,55] 55 <,0> 83902A Acknowledge low 
to Data Valid 

5 4 C rdz [15,701 15 70 < 54,67,0,33> 839021-i Read Strobe to Data 
TRI-STATE 

5 C WW !50,l 50 <•,> 83902A Write Strobe Width 
from -ACK 

6 C rwds [20,] 20 <: •,> 83902A Register Write Data 
Setup 

7 C rwdh [21.l 21 <0,> 83902A Register Write Data 
Hold 

8 f' wackh [,30] 30 <,•> 83902./\ Write High to -ACK I; 

High 

10 9 C wackl !, 1301 130 <,0> 83902./\ Write Low to -ACK 
Low 

10 r. rsrs [10,] Hl <0,> 83902A Register Select to 
Raad Setup 

11 C rsrh [lJ,] 0 <2.77,> 83902A Register Select Hold 
from Read 

i2 C rswh [O,] 0 < 1.87,> 83902A Register Select Hald 
from Write 

13 C rsws [15,] 15 <0,> 83902A Register Select to 
Write Setup (assumes AOSO 
high when RA lines) 

15 14 C bch [20,] 20 <5,> 83902A Bus Clock High 
Time 

15 f' bcl [20,l 20 <5,> 83902A Bus Clock low Time u 

16 C asrls [,30! 30 <,(l> 83902A Addrnss Strnbe 10 
Data Strobe lbcl + 101 

17 C bul [,43] 43 <,0> 83902A Bus Clock to Read 
Strnhe l.ow 

18 C bcrh [,40] 40 <,0> 83902A Bus Clock to Read 
Strobe High 

20 18 C avrh !132,J 132 <0,> 83902A Address Valid to 
Raad Strobe High 

SUBSTITUTE SHEET (RULE 26) 

DEF0000514 

IPR2020-00036 Page 02749

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2749



WO 98/59254 PCT/US98/l l 107 

-2•1--

HOW NAME FORMULA MIN MAX MARGIN COMMENT 

20 C avrh !132,] 132 <0,> 83802A Address Valid to 
Rea!l Strobe High 

21 C ds [22,) 22 <•,> 83902A Data Setup to Read 
Strobe High 

I 
22 C drw [85,] 85 <12,> 83902A OMA Read Strnba 

Width Out 

23 C dh [OJ 0 <3,> 83902A Data Hold from 
Read Strobe High 

5 24 C dsada [40,] 40 <•,> 83902A Data Strnhe to 
Address Actin 

')!:; C raz [90,] 90 <O,> Memory Read High ta ,._.., 

Address TRI-STATE 
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ROW NAME FORMULA MIN MAX MARGiN COMMENT 

1 C TLHLL !mi11(H2°T 81.21 <21.49,> ax 152 AlE PULSE WIDTH 
CLCL)-
40ll,l 

2 C tLL [50,J 50 <52.70,> 8764 Chip OeSelect Width 
i87CIH-1) 

3 V TCLCL [60.61,] 80.81 8X152 OSCILLATOR CLOCK 
PERIOO 

4 C TCLCl [60.61,l 60.61 <0,> 8~152 OSCILLATOR CLOCK 
PERIOD 

5 5 C TA\11.1. [min{{TCLC 5.61 <0,> 8X152 Address Valid to ALE 
l-55)),] Low 

6 C tAL [25,l 25 <-19.39, > 8764 Address to -CE Latch 
Set-up 

7 C TLLAX [minHTCLC 25.61 <5,> BX 152 Address Hold After 
L-351),] ALE low 

8 G tl.A [30,l 30 <0.51,> 8784 Address tlald from -CE 
Latch 

g C TLUV Lmin(i(4°T 142.42 < ,45.41 > 8X152 ALE low to Valid 
Cl.CL)- Instruction In 
100))] 

1D HJ C tACL L 15QJ 150 <,52.98> 8764 CE Latch Access Time 
I 
i 11 C TLLPI. [min\(TCLC 20.61 <0,> BX 152 ALE Low ta -EPSEN 

i l-40)).] Low 

12 C tCOE [30,l 30 <-9.39,> 8764 ALE/-CE to Output 
Enable 

13 C TPLPH !min(((3°T 136.82 <•.> -EPSEN Pulse Width 
ClCL)-
45)),] 
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I ROW NAME FORMULA MIN MAX MARGIN COMMENT 

1 C TLHLL [min(H2°T 81.21 < 21.49, > BX 152 AlE PULSE WIDTl-1 
ClCll-
40)),] 

2 V TCLCL !60.61,] 60.61 8X152 OSCILLATOR CLOCK 
PERIOD 

3 r. TCLCl l60.61,1 60.61 <0.> Bx152 OSCILLATOR CLOCK 
PERIOD 

4 C TAVU [min({TClC 5.61 <0,> 8X 152 Address Valid to ALE 
L-55il.l low 

5 5 C TlUiX [min((TCLC 25.61 <5,> ax 152 Addrnss Hold After 
L-35ll,] ALE Low 

6 C nuv Lmin(((4"T 142.42 < ,45.41 > BX 152 ALE Low to Va!ici 
ClCli- Instruction In 
100))] 

7 C TllPL [minHTClC 20.61 <0,> ax 152 ALE Low to -EPSEN 
l-40)),l low 

8 C TPLPl-1 [min(H3°T 136.82 <0,> -EPSEN Pubrn Width 
CLCli• 
45)},] 

9 C TPUV [,minH(3"T 76.82 <,114> 8X i 52 -EPSEN Low to Valid 
CLCL)- Instruction In 
105)ll1 

10 10 C TPLAZ [, 10] 10 <,0> BX 152 -E PSEN low to 
Address float 

11 r. TPX!X [0,] 0 <•.> BX 152 Input Instruction Hold 
After -EPSEN 

i 

12 C TPXIZ [,minlH5°T 278.03 < ,242.43> 8X152 Input l!i,truction Flllat 
ClCl)-25lll After · EPSEN 

13 C TAV!V [,min(H5°T 198.03 <,•> 8X152 Address to Valid 
ClCL)- lnslrnction In 
105))] 
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ROW N1\ME FORMULA MIN MAX MARGIN COMMENT 

1 C TlHll [min(((2°T 81.21 <0,> BX 152 ALE PULSE WIDTH 
CLCL)-
40)),] 

., 
V TCLCL [60.61,l 60.61 8X152 OSCILLATOR CLOCK ,: 

PERIOD 

3 C TCLCL [60.61,l 60.61 <0,:> 8xi52 OSCILLATOR CLOCK 
PERIOD 

4 C TA\fU [mir.((TCLC 5.61 <0,> ax 152 Address Valid to 1\LE 
L-55ll.l Low 

5 5 C TU.AX [mir.((TCLC 25.61 <0,> ax 152 Address Hold Aiter 
L-35l!,l ALE Law 

6 C TllOV [,max(((8° <,> 8X15Z ALE Low to Valid 
TCLCU- Data In 
150))) 

7 C TAVDV [,max(i(9° <,> 8X152 Address to Valid Data 
TCLCl)- In 
165))] 

8 C TWHLH lmin(/TCLC 20.61 <0.> -RD or -WR High to ALE High 
l-
4[ll),max(( 

TCLCl+40 
ill 

9 C TLLWL [minH{3°T 131.82 <0,> <•,> ax 152 ALE Law 10 -ml or -
CLCLl- WR Low 
50)),max({( 
3°TCLCU 

Hl C TflLRH [minH(6°T 263.64 <0,> ax 152 -RD Pulse Width 
CLCU-
100)),] 

11 C TRUJV l,max(({5° <,> ax 152 -RD Low to Valid 
TClCL)- Data in 
165lll 

'12 C TRHDZ [,max((!2° <' . ..._ .... ,,,,..,. ax 152 Data Float after -HD 
TCLCL)· 
70ll] 

13 " TRlAZ LO! [l <,0> BX 152 -RO Low to Address I, 

Float 

1-1 C TRHDX 10,1 0 <0,> 8X152 Data Hald after -RO 

15 15 C TAVWL imin(((4''T 112.42 < 25.01, > 8X152 Address to -RD or• 
CLCll WR Low 
130)),] 
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ROW NAME FORMULA MIN MAX MARGIN COMMENT 

16 " TWLWH [minH(6°l 263.64 <0,> 8X152 -WR Pulse Width " CLCLl-
100)).J 
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WHAT IS Gl/\lMED IS: 

1. A local area network repeater system for trnnsmitting and receiving network data between 

rnpearnrs, the system comprising a plurality of repeaters, each comprisin!i: 

a. an interface, connecting said repeater to an AC power line; 

il, a transceiver, electrically connected to said coupler for receiving data tram said coupler, 

wherein said trnnsceiver further comprises: 

i. a data modulator to commrt di1Jital data to analog data; 

ii. a transmitter to recemre the anaiog data from said data modulator and prepare 

the analog data for transmission on the power lines; 

iii. a transmit filter receiving the analog darn from said transm:t!er and filming 

the resulting analog signal ta transmission on the powar lines; 

i11. a receiver filter receiving an analog si15nal from the power lines; 

v. a receiver receiving the filternd analog signal from said receiver filt;,r and 

demodulating and digitizing said analog si1inal, wherein said demodulation incorporates irequency 

shift key (FSK) and diffarnntial frequency shift key (DFSK) technology; and 

vi. a data buffer rnceiving said digitized data from said receiver: 

c. controller, electronically connected to said transceiver, receiving data frnm said data 

buffer and sending data to said data modulator, ta prnvi!le digital control to said transceiver; and 

d. an interface electrically connected to said controller for transferring digital data to a 

computer. 

2. A local area network repeater system tar transmitting and receiving network data between 

repeaters, the system comprising a plurality of rn1rnatms, as recited in Claim 1, whernin said transceiver further 

comprises: 

a. a rn•synchronizar to synchronize data received by said receiver. 

3. A local area network repeater system for transmitting and receiving network date between 

repeaters, the system comprising a plurality of repeaters, as recited in Claim 1, wherein said 1rnnsr.eiver receiver 

furti1er comprises: 

a. a OSFK data detector. 

4, A local erna network repeater system for transmitting and receiving network data between 

30 repeaters, the system comprising a piurnlity of repeaters, as recited in Claim 1, wherein said transceiver receiver 

further comprises: 

a. an acknowledge signal created frnm a FSK carrier signal. 

5. A local area network repeater system tor transmitting ar,d receiving network data betweE!n 

repeaters, the system comprising a plurality of repeaters, as recited in Claim 1, wherein said transceiver receiver 

35 further comprises: 

a. a DfSK edge detector. 
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6. A local arna network ;epeater syst1im for transmitting and receiving network data between 

repeaters, the system comprising a plurality of repeaters, as recited in Claim 1, wherein said transceiver receiver 

further comprises: 

a. a OFSK peak detector. 

7. A lar.al area network repeater system for transmitting and receiving network data between 

repeaters, the system comprising a plurality of repeaters, as rncitect in Claim 1, wherein said controller further 

rnmpri,m:: 

a. a serializer/deserializer to serialize and deserialize the data as well as insert realignment 

bits and CRC logic. 

10 8. A local area network repeater system for transmitting and receiving network data between 

repeaters, the sysrnm comprising a plurality of repeaters, comprising: 

a. a means for coupling between a local area network and an AC power line for 

transmitling and receiving data; 

b. a means for modulating e transmission carrier with network data and demodulating a 

15 transmission carrier to recover network data, said means including a means for performing differential 

frnquency shift key modtllatim1; 

c. a means for providing noise immunity to the trnnsterred data; ar.d 

d. a means for providing synchronization of the transferred data. 

9. A local area network repeater system for transmitting and receiving network data between 

20 repeater, comprising a cDntroller, whernin said controiler includss a state machine which permits the s~lection of a 

wide range of data rates witham rnquirin[1 ttrn modification of carrisr frequency. 

10. A local area camjluter network repeater system for transmitting and receiving network da,a 

between repeaters, the system comprising a plurality ot repaaters, each comprisiil!F 

means for coupling a local area network interface to a local area computer ne1w•rk or network 

25 segment for transmitting a bi directrnnal network date stream, said data stream having a bitrnte of up rn 

2 megabits per second and a data bandwidth approximately equal to said nitrate; 

30 

35 

means fur freq!.lency shift key modulati~g a trnnsmission carrier with said rm1work data stream 

and demodulating said frequency shift key modulated transmission carrier to recover network data, said 

frequency shift key mod:1lated transmission carrier having an instantaneous frequency bandwidth which is 

not substantially greater than the greatsr of either about twice said data bandwidth or the frequency 

deviation of said frequency shift key modulation, said means comprising a receivei chip which utilizes at 

ieast one stage of gain and filter, and said means providing at least about 90 decibels of gain; 

means tor coupling bi-directional network data between said netwmk interface and said carrier 

modulation and demodulation means; and 

means tor coupling said transmission carrier to an AC power line to produce a power line carrier 

signal having a frequency in the range from about 2 to about 20 megahertz. 
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11. A locai area rmtwork repeater system as recited in claim wherein said local arna network 

interface comprises a network imerface selected from the following: 

12. 

E1tmmst nmwork intmfat!l controller means; 

Token ring network interface cormoller means; 

Arcnet network interfar.e controller means; 

RS-232 interface controller means; 

flS-485 network imerface controller means; 

Seric1I data, open standard interface; and 

Parallel data interface. 

A local area network repeater systsm as rncited in claim 1 wherein said trnllsmissiori c:wier 

modulation and demodulation means further comprises transmission means selected from the following: 

Time domain multiple access means wherein carrier data moduiation and transmission is alternated 

with carrier data demodulation and data rncsp1im1, said modulation and demodulation carri1m !l!)Brntir.g or; 

the same frequency; and 

Frequency domain multiple access means wherein said carrier data modulation and transmission 

utili?es one carrier frequency and said carrier data demodulation and reception utilirns a second frnquency. 

13. A local area network rnpearnr system as recited in claim 1 further comprising repeater contrnller 

means for performing contrnl functions selected from among the following: 

initializing and c1rntrnlling said network interface means, as rnquirnd to permit transparent repeating 

of network data over the AC power line; 

monitoring said data modulated transmission carriers and arbitrating data transmissions to permit 

only one repeater at a time to transmit a carrier of a particular frequency onto the AC power line; and 

attaching and removing data preambles and addresses; reformatting data, encrypting and 

decrypting data, and prn11idi11g alternate data rnmmunications ports. 

14. A repeater system for transmission ol high frequency computer data signais through an AC power 

line, the system comprising a plurality of repeaters, each rnptHHBr wmprising: 

means for coupling input signals and output signals to a signal port; 

carrier modulation means for frequency shift key modulating a transmission carrier with said input 

signals to produce a modulated signai having a bitra!B of up to 2 megabits per second and a d,lta 

bandwidth approximately equal to said bitrata, said modulated signal having an instantaneous bandwidth 

which is not suhstantial!y greater than the greater cl either about twice said data bandwidth or the 

frnq!lency deviation of said frequency shift key m•duiation; 

demodulation means ior demodulating said modulated signal to recover said output signals, said 

modulation means further comprising means for changing the rnsonant frequency produced by an oscillator 

in rnsponse rn an input signal by driving an output port of the oscillator; 

said demodulation means further comprising means for pro11iding at least about 90 decibels of gain; 
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means for m,plinii bi-directional signals bmween said signal part and sa:d carrier modulating 2nd 

domodulatian means; and 

means ior cm1piing said transmission carrier to the AC power iirrn to produce a power line carrier 

signal having a frequency in the range from about 2 to about 20 megahertz. 

1;:; 
'-'· A method for power iine carrier data transmission, said method comprising the steps of: 

generating a carrier signai at a frequency in the range of from about 2 to 20 megahertz; 

frequency shift key modulating said carrier signal to provide a modulated carrier signal having a 

data bitrnte of up to 2 megabits per second and a data bandwidth approximately equal ta said bitrate, said 

modulated carrier signal having an instantaneous bandwidth which is not substantially greater than the 

greater of eithB, about twice said data bandwidth or the frequency deviation of said frequency shift key 

modulation: and 

coupling the frequency shift key modulated carrier signal onto an ac power line. 

16. The method of ciaim 8, further comprising 1he steps of: 

17. 

coupling the modulated carrier signal off of the AC power line; and 

demodulating the carrier signal. 

The method o! claim 8. whernin said modulating step comprises modulating the carrier signal to 

corrns11or.d to a digital data signal. 

18. The method of claim 8, whernin said modulating st1ip comprises modulatinii the carrier signal tn 

correspond to an analog data signal. 

19. The method cf claim 8, wlrnmin said modulatinii step comprises buffering with mul!i·staga 

transmitter drivers. 

stages. 

20. The mothod of claim 9, whernin said demodulating step comprisos filming the carrier signal in 

21, The method oi claim 8, further comprising the collision avoidance steps of: 

listening for trnffic on the AC power line; and 

selecting between (a) transmitting an access request alter detecting termination of a transmission, 

and 1bl beginning data transmission after detecting no other traffic. 

22. An embedded PLC communications system comprising a plurality of networked communications 

devices, each of said communications devices comprising: 

an embedded microcontrolier having a communication port; 

carrier modulation mem1s tor frequency shift key modulating e transmission carrier wi!h date 

signals frnm said communication port to produce a modulated carrier, said modulated carrier having a bitrate 

ot up to 2 megabits per second and a data bandwidth approximately equal to said bitrate, said modulated 

carrier having an instm1taneous bandwidth which is not substantially greater than the grnater of either 

about twice said data bandwidth or the frequency de\!iation of said frequency shift key modulation; and 

SUBSTITUTE SHEET (RULE 26) 

DEF0000530 

IPR2020-00036 Page 02765

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2765



5 

WO 98/59254 PCT/US98/l 1107 

a receiver comprising a dmnodulator for demoduiating said modulated carrier to recover 

corresponding data signal, said receiver comprising at least one intermediate frequency gain and filtering 

stage utilizing an intermediate frequency in the range from about 2 to about 20 megahertz and providing 

a receiver gain of at least about 80 decibels; 

means for coupling said data signals between said communication port and said carrier modulation 

means: and 

means for coupling said moduiated carrier to an AC power line. 

23. The system of claim i 7, further comprising network arbitration arid control means. 

24. The system of Claim 17, wherein said means for couplmg said trnnsmission carrier to an AC power 

l O line comprises an existi11g AC power cord. 
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Member with respect to the subject matter of the record. 
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requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 
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determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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REEXAMINATION OF U.S. PATENT 8,457,228 

FINAL OFFICE ACTION 
I. ACKNOWLEDGMENTS 

Page 2 

This final office action is responsive to the Remarks filed on August 14, 2017 in response to 
the non-final action mailed on May 3, 2017. 

On Sep. 12, 2016, third-party requester ("Requester") filed a request ("Request") for 
ex parte reexamination of claim 21 of US Patent# 8,457,228 ("228 patent") issued to Bremer. 
The '228 patent issued on June 4, 2013, and was filed on August 4, 2011 and assigned 
application number 13/198,568 (" '568 application"). On October 17, 2016, the Office mailed 
an order granting reexamination of claim 21 of the 228 patent. A non-final action was mailed on 
May 3, 2017. 

II. INFORMATION DISCLOSURE STATEMENT 

An information disclosure statement was submitted by the Requester on Sep. 12, 2016 
(Sep 2016 IDS). The Sep 2016 IDS is in compliance with the provisions of 37 C.F.R. § 1.97. 
Accordingly, the Sep 2016 IDS has been considered by the Examiner and was made ofrecord in 
the Order Granting Request for Ex Parte Reexamination. 

An IDS was submitted by patent owner on September 5, 2018, (Sept 2018 IDS) the initialed IDS 
is attached to this office action. With respect to the IDS (Sept 2018 IDS) the "degree of 
consideration to be given to such information will be normally limited by the degree to which the 
party filing the information citation has explained the content and relevance of the information" 
in accordance with MPEP §§ 2256 and in "the same manner as other documents in Office search 
files are considered by the Examiner while conducting a search of the prior art in a proper field 
of search." In accordance with MPEP § 609.05(b). 

Patent Owner's remarks submitted in relation to the (Sept 2018 IDS) have only been considered 
to the extent they explain the content and relevance of documents listed on the accompanying 
1449 forms. Only those documents listed on the 1449 forms, in compliance with Rules 97 and 
98, have been expressly considered by the examiner. Moreover, expunged or unavailable 
documents referred to in Patent Owner's IDS remarks, if any, have not been considered. 

III. PRIORITY CLAIMS 

The '228 patent is a continuation of US Patent Application 12/543,910 filed on Aug. 19, 2009, 
now patent US 8,023,580 ('580 Patent). 
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The '580 patent is a continuation of US Patent Application 11/774,803, filed on Jul. 9, 2007, 
now patent US 7,675,965, which is continuation of US Patent Application 10/412,878, filed on 
Apr. 14, 2003, now patent US 7,248,626, which is continuation-in-part of application 
09/205,205, filed on Dec. 4, 1998, now patent US 6,614,838. 

Application 09/205,205 claims priority to US provisional application 60/067,562 filed on Dec. 5, 
1997. 

There is no claim to foreign priority. 

Because the effective filing date of the '228 patent is not on or after March 16, 2013, the 
AIA First Inventor to File ("AIA-FITF") provisions do not apply. Instead, the earlier 'First to 
Invent' provisions apply. 

Based upon a review of the '228 patent and prosecution history, the Examiner finds that there are 
no prior or concurrent ex parte or supplemental reexaminations for the '228 patent. 

A co-pending request for ex parte reexamination (90/013,808) of the '580 patent has been filed 
on September 12, 2016. 

IV. PRIOR ART 

A. References Cited in the Request 

1. U.S. Patent No. 5,982,807, to Snell, J., filed on Mar. 17, 1997 and issued on Nov. 9, 1999, 
("Snell"). 

2. U.S. Patent No. 6,075,814, filed on May 9, 1997 and issued on Jun. 13, 2000, to Yamano et 
al. ("Yamano"). 

3. "Using the PRISM™ Chip Set for Low Data Rate Applications," Andren, C. et al., Harris 
Semiconductor Application Note No. AN9614, March 1996 ("Harris AN9614"). 

4. "HSP3824 Direct Sequence Spread Spectrum Baseband Processor," Harris Semiconductor File 
No. 4064.4, Oct. 1996 ("Harris 4064.4"). 

5. Kamerman, A., "Throughput Density Constraints for Wireless LANs Based on DSSS," IEEE 
4th International Symposium on Spread Spectrum Techniques and Applications Proceedings, 
Mainz, Germany, Sept. 22-25, 1996, pp. 1344-1350 vol.3 ("Kamerman"). 

6. Upender et al., "Communication Protocols for Embedded Systems," Embedded Systems 
Programming, Vol. 7, Issue 11, November 1994. - ("Upender"). 
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B. References Cited in 2014IPR-00892 

1. U.S. Patent No. 5,706,428, to Boer et al. filed on Mar. 14, 1996 and issued Jan.6, 1998 
("Boer") 

IV. CLAIM INTERPRETATION 

Page 4 

During re-examination, claims are given the broadest reasonable interpretation consistent with 
the specification and limitations in the specification are not read into the claims. See MPEP § 
2111 et seq. 

A. Lexicographic Definitions 

A first exception occurs when there is lexicographic definition in the specification. After a 
review of the original specification, the prosecution history, and unless expressly noted otherwise 
below, the examiner is unable to locate any lexicographic definitions (either express or implied) 
with reasonable clarity, deliberateness, and precision and therefore concludes that Applicants are 
not their own lexicographer. See MPEP §2111.01 IV. 

B. 35 U.S.C. § 112 6th Paragraph 

A second exception is when a claimed phrase is interpreted in accordance with 35 U.S.C. § 112 
6th paragraph. See MPEP § 2181 et seq. The statute, 35 U.S.C. § 112, CJ{6 states: 

An element in a claim for a combination may be expressed as a means or step for 
performing a specified function without the recital of structure, material, or acts in 
support thereof, and such claim shall be construed to cover the corresponding structure, 
material, or acts described in the specification and equivalents thereof. 

-- 35 U.S.C. § 112 6th Paragraph. 

To invoke 35 U.S.C. § 112 6th paragraph, a claimed phrase must be an element in a claim for a 
combination. Claim 21 of the '228 patent depends from independent claim 1, claim 21 thus 
includes all limitations of the claim from which it depends and reads as follows: 

1. A master communication device configured to communicate with one or more slave 
transceivers according to a master/slave relationship in which a slave communication 
from a slave device to the master communication device occurs in response to a master 
communication from the master communication device to the slave device, 
the master communication device comprising: 
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a master transceiver configured to transmit a first message over a communication 
medium from the master transceiver to the one or more slave transceivers, 
wherein the first message comprises: 

first information modulated according to a first modulation method, 

second information, including a payload portion, modulated according to the first 
modulation method, 

Page 5 

wherein the second information comprises data intended for one of the one or more slave 
transceivers and 

first message address information that is indicative of the one of the one or more 
slave transceivers being an intended destination of the second information; and 

said master transceiver configured to transmit a second message over the communication 
medium from the master transceiver to the one or more slave transceivers 
wherein the second message comprises: 

third information modulated according to the first modulation method, 

wherein the third information comprises information that is indicative of an impending 
change in modulation to a second modulation method, and 

fourth information, including a payload portion, transmitted after transmission of the 
third information, 

the fourth information being modulated according to the second modulation method, 
the second modulation method being of a different type than the first modulation method, 
wherein the fourth information comprises data intended for a single slave transceiver of 
the one or more slave transceivers, and 

second message address information that is indicative of the single slave transceiver 
being an intended destination of the fourth information; and 

wherein the second modulation method results in a higher data rate than the first 
modulation method. 

21. The master communication device as in claim 1, wherein the first information that 
is included in the first message comprises the first message address data. 

The limitations of claim 21 including the limitations of claim 1 comprise a single means, i.e., a 
transceiver. According to 35 U.S.C. 112 6th paragraph, only limitations or elements in a claim 
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for a combination may invoke 112 6th paragraph, the Examiner concludes that claim 21 does not 
invoke 35 USC 112 6th paragraph. 

C. Sources. 

Except for either (a) any lexicographic definitions noted in§ IV.A of this Office action; 
or (b), any entire claim phases that invoke 35 U.S.C. § 112 6th paragraph as noted in§ IV.B of 
this Office action; the following interpretations are adopted under the broadest reasonable 
interpretation standard (BRI). The scope of claim 21 is the same regardless of whether claim 
terms are interpreted under the BRI or Phillips standard. The following provided as express 
notice of how particular terms are being interpreted under the broadest reasonable interpretation 
standard. These interpretations are only a guide to claim terminology since claim terms must be 
interpreted in context of the surrounding claim language. In accordance with In re Morris, 127 
F.3d 1048, 1056, 44 USPQ2d 1023, 1029 (Fed. Cir. 1997), the following "sources" support a 
broadest reasonable interpretation of the claims. The following list is not intended to be 
exhaustive: 

1. Modulation -- the process by which some characteristic of a carrier is varied in 
accordance with a modulation wave (IPR2014-00892, Pap. 46 at p. 7; Request, p. 19; 
IEEE170-1964 ·· IEEE Standard Definitions of Terms for Modulation Systems, 1964, 
page 6). 

2. First and Second 'Modulation Method'- modulation methods that are 
incompatible with one another (IPR2014-00892), Pap. 46 at p. 13, Request, pp. 12-13 and 
pp. 19-23). 

3. Transceiver -Term for a combination transmitter/receiver (Snell, col. 1, lines 
34-36); a radio that can send and receive messages (Merriam-Webster.com). 

D. Product-by-Process Claims 

A third exception is for product-by-process claims, claim 21 is a product claim. 1 

In accordance with an absence of remarks with respect to the product by process issue Section 
IV.D. Office Action of May 3, 2017, it is understood the claims are not directed to a product by 
process. 

1 "Product claims are claims that are directed to either machines, manufactures, or compositions 
of matter." MPEP § 2103 I C. 
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V. CLAIM REJECTIONS - 35 USC § 103 

Page 7 

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102, if the differences between the subject matter sought to be patented and the prior art 
are such that the subject matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not 
be negatived by the manner in which the invention was made. 

A.) Claim 21 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over 
Applicants Admitted Prior Art (APA) in view of Boer and further in view of Yamano. 

Claim I was reviewed (IPR 2014-00892) and it was found that there was a reasonable likelihood 
that petitioner would prevail in challenging claim I for obviousness over APA and Boer2

, a Final 
Written Decision was entered on September 24, 2015 (IPR2014-00892, Paper 46), as such, 
Claim I is rejected for the reasons indicated in the Final Written Decision entered on September 
24, 2105 (IPR2014-00892, Paper 46) as obvious over APA and Boer. 

While the AP A in view of Boer was deemed an appropriate rejection on claim I 
including the limitations that the first message include first message address information 
that is indicative of the one of the one or more slave transceivers being an intended 
destination of the second information; The AP A in view of Boer did not teach as pertains 
to claim 21 "The master communication device as in claim 1, wherein the first 
information that is included in the first message comprises the first message address 
data." 

Yamana teaches that packets can be advantageously addressed for an intended 
destination. Yamana discloses transmitting a "first message" ( e.g., data packet including 
a preamble and main body) that includes "first message address information that is 
indicative" ( e.g., "destination address" in the preamble) of the transceiver that is the 
"intended destination of the second information." 

"Packet 700 includes a preamble 701 and a main body 702." Yamana at 19:63-64. 

"For example, preamble 701 can include information which identifies: (1) a version or 
type field for the preamble, (2) packet source and destination addresses, (3) the line 
code (i.e., the modem protocol being used), (4) the data rate, (5) error control parameters, 
(6) packet length and (7) a timing value for the expected reception slot of a subsequent 
packet." Y amano at 20: 1-7. 

2 IPR2014-00892 
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Yamana also discloses that the preamble precedes the main body (containing data), as 
shown in Figure 8. Yamana teaches that the first message comprises first message 
address information that is indicative of the one of the one or more slave transceivers 
being an intended destination of the second information. See, e.g., Y amano at 19:63-64, 
20:1-7, 20:54-59, Fig. 8. 
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Yamana at Fig. 8 (annotated). 

Yamana expressly teaches that including a destination address in the preamble portion of 
the data packet, which precedes the data portion, will advantageously reduce processing 
requirements of receiving devices because the receiving device can filter out packets 
which it does not need to demodulate. Yamana at 20:54-59 ("When the preamble in a 
burst-mode packet includes the destination address of the packet, the receiver circuits can 
monitor the destination address of the packet, and in response, filter packets which do not 
need to be demodulated, thereby reducing the processing requirements of the receiver 
circuits."). (Yamana at 19:63-20:7, Fig. 8). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use Yamana' s teaching of including a destination address in the 
preamble portion of a data packet in implementing the modified Boer AP A data packet to 
advantageously specify which receiver the data is intended for and to beneficially reduce 
the processing requirements at the receiving device, as taught by Yamana. "When the 
preamble in a burst-mode packet includes the destination address of the packet, the 
receiver circuits can monitor the destination address of the packet, and in response, filter 
packets which do not need to be demodulated, thereby reducing the processing 
requirements of the receiver circuits." Yamana at 20:54-59. 

In the following rejections under 35 USC § 103, all limitations are interpreted under a broadest 
reasonable interpretation, see section IV.C. above.3 The scope of claim 21 is the same 

3 Examiners are unaware of any requirement that there should be a single Broadest Reasonable Interpretation (BRI). 
If Patent owner is aware of any statue, rules, or case law requiring such, examiners request Patent Owner present 
such authority in the next response. The broadest reasonable interpretation does not mean the broadest possible 
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regardless of whether claim terms are interpreted under the BRI or Phillips standard. The scope 
is the same because for example claim 21 is a product claim. Claims 21 only explicitly recites 
one structure. A review of the claims, specification, and prosecution history in light of Patent 
Owner remarks finds insufficient evidence that Patent Owner has indicated a particular 
interpretation that requires other structures. Accordingly the Examiners conclude that the 
interpretations would result in same scope. 

21. The master communication device as in claim 1, wherein the first information that is 
included in the first message comprises the first message address data. 

Snell in view of Y amano and further in view of Kamerman as recited above disclose that 
the first information that is included in the first message comprises the first message 
address as indicated in the rejection of claim 1 above with reference to the first message 
address of the destination, therefore the first message address data is included in the 
actual message when transmitted by the master to the slave transceiver. 

Yamano expressly teaches that including a destination address in the preamble 
portion of the data packet, which precedes the data portion, will advantageously 
reduce processing requirements of receiving devices because the receiving device 
can filter out packets which it does not need to demodulate. Yamano at 20:54-59 
("\Vhen the preamble in a burst-mode packet includes the destination address of 
the vac-k;et. the receiver circuits can monitor the destination address of the packet, 
and in response, filter packets which do not need to be demodulated, thereby 
reducing the processing reqnire1nents of lhe receiver circuits."). 

C.) Claim 21 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Snell 
in view of Harris 4064.4, further in view of Harris AN9614, further in view of Yamano and 
further in view of Kamerman. 

1. A master communication device configured to communicate with one or more slave 
transceivers according to a master/slave relationship in which a slave communication from 
a slave device to the master communication device occurs in response to a master 
communication from the master communication device to the slave device, 

interpretation. Rather, the meaning given to a claim term must be consistent with the ordinary and customary 
meaning of the term (unless the term has been given a special definition in the specification), and must be consistent 
with the use of the claim term in the specification and drawings. Further, the broadest reasonable interpretation of 
the claims must be consistent with the interpretation that those skilled in the art would reach. (MPEP) § 2111. The 
scope of the claim 21 is same regardless of whether claim terms are interpreted under the BRI or Phillips standard. 
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Snell discloses a master cornmlinication device (transceiver 30) that serves as an access 
point for communicating data with other transceivers connected to a wireless local area 
network (WLAN; and is configured io comrnrmicate \Villl one or 1nore slave transceivers 
(end users connect to LAN through transceivers) according to a master/slave relationship 
in vvhich a slave comrnunication frorn a slave device lO the roaster co1nnmnicalion device 
occurs in response to a master communication from the master communication device 
to the slave device, See, e,g., Snell at J:34-46,1:47-50,1:55-57, 2:27-30, 4:42-47, 5: 18-
21; Harris AN9614 at 3. 

Snell at 4:42-47 ("'Referring to FIG. La wireless transceiver 30 in accordance with the 
invention is first described. The transceiver 30 may be readil"y usedfor WL4N 
a,_opiications in the 2.4 GHZ ISM band in accordance vv·ith the proposed IEEE 
802. 11 standard. Those of skill in the art will readily recognize other applications for the 
transceiver 30 as we!L" 

"In a typical \VLAN, an access point provuied by a transceiver. that is, a combination 
transmitter and receiver~ connects to the wired netvvork from a fixed location. 
AccordjngJy, the access transceiver recejves, buffers, and transmits data between the 
\VLAN and the wired network A single access transceiver rnn support a small group c~f 

collocated users within a range of iess than about one hundred to several hwu!red feeL 
The end users connect to the WL4N through transceivers ,vhich are typically 
irnplernented as PC cards in a notebook comguter, or ISA or PCI cmds for desktop 
computers. Of course the transceiver may be integrated ,vith any device, such as a hand
held cornputer.'' Snell at 1 :34-46. 

'With respeCl to the 'slave. commlrnication..fromJ1.slave_device_toJhe.1naster_corrununicaiion 
device occurring in response to a master communication from the master communication device 
to_lhe_slave .. device', Snell teaches the master (access point transceiver) co1nnmnicales ,vith slave 
transceivers on the WLAN via polled protocoL A polled protocol is a master/slave protocol as 
confirmed by the '228 patent, '228 patent at 4:30-34 where the slave is given permission to 
transmit on the network. 

Snell incorporates by reference Harrjs AN96144, '..vhkh discloses that the 
communications between transceivers can operate according to a polled (i.e., 

4 Snell expressly incorporates by reference "the entire disclosure" of Harris AN96 l 4 (Snell at 5:2-7). See Harari v. 
Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) ("the entire '579 application disclosure was incorporated by the broad 
and unequivocal language: 'The disclosures of the two applications are hereby incorporate[ d] by reference."'); see 
also Advanced Display Sys., Inc. v. Kent State Univ., 212 F.3d 1272, 1282 (Fed.Cir.2000) ("material not explicitly 
contained in the single, prior art document may still be considered for purposes of anticipation if that material is 
incorporated by reference into the document."). 
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master/slave) protocoL which is a master/slave communication system.5 See e.g., Harris 
AN9614 ai 3. 

"[T]he controller can keep adequate time to operate either a polled or a time allocated 
scheme. In these modes, the radio is powered off most of the time and only awakens 
when communications is expected. This station would be awakened periodically to listen 
for a beacon transmission. The beacon serves to reset the timing and to alert the radio to 
traffic. If traffic is waiting, the radio is instructed when to listen and for how long. In a 
polled scheme, the remote radio can respond to the poll with its traffic if it has any. With 
these techniques, the average power consumption of the radio can be reduced by more 
than an order of magnitude while meeting all data transfer objectives." Harris AN9614 at 
3. 

the master communication device comprising: 
a master transceiver configured to transmit a first message over a communication medium 
from the master transceiver to the one or more slave transceivers, 

An access point (\vireless transceiver 30, figure L 4:42-47 cmTesponds to a master 
cornrnunkation device) connected to a LAN (WLAN\ the transceiver communicates 
with one or more transceivers connected to the LAN, communication on the LAN to and 
frorn external networks is provided through the access point as in typical LAN (1 :34-46). 

Snell discloses the "transceiver" 30 that serves as an access point for communicating 
"data intended for one of the one or more [ other] transceivers" connected to a wireless 
local area network (WLAN). Snell's transceiver transmits data packets intended for 
another transceiver, where the communication may switch on-the-fly between a "first 
modulation method" ( e.g., BPSK) and a "second modulation method" ( e.g., QPSK) that is 
"of a different type than the first modulation method." Id at 2:61-63 

For example, Snell discloses a "transceiver" (a master transceiver 30 ,vith respect to an 
access point in a local aTea netvvork) that serves as an access point for co1nrnunicating 
data with other transceivers connected to a wireless local area network (WLAN) (end 
user transceivers connected lO the WLAN are slave transceivers). Snell 1:34-46, 1 :47-50, 
4:42-47, 5:18--21. 

"In a typical WLAN, an access point provided by a transceiver, that is, a combination 
transmitter and receiver, connects to the wired network from a fixed location. 
Accordingly, the access transceiver receives, buffers, and transmits data between the 

5 A polled protocol is a master/slave protocol, as confirmed by the '228 patent. '228 patent at 4:30-34. See also 
IPR2014-00892, Pap. 46 at 16 ("In [a polling] protocol, a centrally assigned master periodically sends a polling 
message to the slave nodes, giving them explicit permission to transmit on the network."); '228 Prosecution History 
at 352; IPR2014-00892, Ex.1323 (Goodman Declaration) Paral24. 
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WLAN and the wired network. A single access transceiver can support a small group 
of collocated users within a range of less than about one hundred to several hundred feet. 
The end users connect to the WLAN through transceivers ... " Snell at 1:34-46. 

Snell references processors enabling the disclosed transceiver functions and incorporates 
by reference Harris AN9614 and Harris 4064.4. (Snell at 5:8-17, 5:31-33) 

''Like the HSP3824 baseband processor_ the high data rate baseband processor 40 of the 
invention contains all of the functions necessary for a full or half duplex packet 
baseband transceiver." Snell at 5: 18-21. 

"The PRISM 1 chip set provides all the functions necessa1·y for full or half duplex, direct 
sequence spread spectrum pocket communications at the 2.4 to 2.5 GHz 1SM radio band." 
Snell at 1:55-57. 

See also, e.g,, Snell at 2:27-30 ("It is another object of the invention to provide a spread 
.spectruni transcei1>er and associated method to pennit operation at higher data rates and 
which may switch on-the-fly between different data rates and/or fo1111ats."); Snell at 1 :47-
50 ("The assignee of the present invention has developed and manufactured a set of 
integrated circuits for a W LAN under the mark PRISM 1 1-vhich is compatible ·with the 
proposed IEEE 802.11 standard."): Snell at 4:42-47 ("ReferTing to FIG. 1, a ,vireless 
transceiver 30 in accordance with the invention is first described. The transceiver 30 may 
be readily usedfor WLAN applications in the 2.4 GHZ ISJVI band in accordance \V1ih the 
proposed IEEE 802,11 standard. Those of skill in the art ·will readily recognize other 
applications for the lrnnsceiver 30 as well." 

Treating Harris 4064.4 and Harris AN9614 as independent references from Snell, 
one of ordinary skill in the art at the time the invention was made would have been 
motivated and found it obvious and straightforward to use Harris 4064.4' s teachings of 
modulating the preamble and header portions of a data packet using DBPSK modulation 
and modulating the payload portion of the data packet using DBPSK or DQPSK 
modulation (as indicated by the SIGNAL field in the header portion) to advantageously 
provide for switching between DBPSK and DQPSK modulation types in implementing 
an IEEE 802.11 system (see Harris 4064.4 at 1, 3) such as disclosed in Snell. Harris 
4064.4 is incorporated by reference into Snell (Snell at 5: 13-17), both references are 
directed to the PRISM chipset and HSP 3824 baseband processor (Harris 4064.4 at I; 
Snell at 1:47-63, 5:8-17,5 :31-33), and Harris 4064.4 is a publication of Harris 
Corporation, the same original assignee of Snell. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to use the teachings of Harris 4064.4 with the teachings of Snell, in light of the 
foregoing including Snell's express direction to apply the teachings of Harris 4064.4, and 
further because, in combination, each element (Harris 4064.4's teaching of modulating 
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the preamble and header portions of a data packet using DBPSK modulation and 
modulating the payload portion of the data packet using DBPSK or DQPSK modulation 
and Snell's communication system for transmitting data packets modulated using 
different modulation methods) performs the same function as it would separately, 
yielding nothing more than predictable results. KSR, 550 U.S. at 417. One of ordinary 
skill in the art would have thus recognized that this combination (yielding the claimed 
limitation) would have worked as expected and for these reasons, would have been 
motivated and found it obvious and straightforward to use Harris 4064.4's teachings in 
implementing Snell's communication system. 

One of ordinary skill in the art would have additionally been motivated and found it 
obvious and straightforward to use Harris AN9614's teaching of a polled (master/slave) 
protocol in implementing the communication system taught by Snell (in light of Harris 
4064.4 ). Harris AN961 4 is incorporated by reference into Snell (Snell at 5 :2-7), both 
references are directed to the PRISM chipset and HSP 3824 baseband processor (Harris 
AN9614 at 1, 2; Snell at 1:47-63, 5:8-17, 5:31-33), and Harris AN9614 is a publication of 
Harris Corporation, the same original assignee of Snell. Moreover, AN9614 expressly 
teaches that it is beneficial to use a polled (master/slave) protocol because "the average 
power consumption of the radio can be reduced by more than an order of magnitude 
while meeting all data transfer objectives." Harris AN9614 at 3. 

Polling (master/slave) enables this reduction in power consumption because "the system 
can be set at its sleep mode most of the time to achieve low power consumption. It only 
needs to operate at full power consumption during the transmission of a packet or during 
the expected window for received packets." Harris AN9614 at 3. In addition to Snell's 
express suggestion to apply Harris AN9614's disclosures, one of ordinary skill in the art 
would have been motivated to use Harris AN9614's teaching of a polled (master/slave) 
protocol in implementing Snell's communication system (implemented in light of Harris 
4064.4, see supra) because a polled (master/slave) communication system 
advantageously provides a simple protocol that has good determinacy ( e.g., a reduction in 
collisions). It would have been routine for one of ordinary skill in the art to use a polled 
(master/slave) protocol in implementing Snell's communication system (as implemented 
in light of Harris 4064.4 ), as master/slave communication systems were common and 
well-known in the art (see '228 patent at 3: 64- 5:7), and thus implementing a polled 
(master/slave) protocol in Snell's transceiver (which serves as an access point to support 
communications with multiple other transceivers - Snell at I :34-46) would involve 
nothing more than using common and known techniques to improve a similar system in 
the same way to yield predictable results. KSR, 550 U.S. at 416. One of ordinary skill in 
the art would have thus recognized that this combination (yielding the claimed limitation) 
would have worked as expected. For these reasons, one of ordinary skill in the art would 
have been motivated and found it obvious and straightforward to implement a polled 
(master/slave) protocol in implementing Snell's system (as implemented in light of Harris 
4064.4). 
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Snell discloses that the master transceiver transmits a first message (PLCP header and 
PLCP preamble, figure 3 annotated below) which comprises first information modulated 
according to a first modulation method (BPSK), See, e.g., Snell at Abstract, 1:34-46, 
1:47-50, 1:55-57, 1:58-61, 2:27-30, 2:56-59, 2:61-3:5, 4:42-47, 5:18-2, 6:35-36, 6:52-
59, 6:64-66, 7:1-2, 7:5-14, 7:6- 8, Figs. 2, 3; Harris AN9614 at 3; Harris 4064.4 at 14, 
15, 16, Fig. 10. 

second information, including a payload portion, modulated according to the first 
modulation method, 

Snell discloses that the master transceiver transmits second information, including a 
payload portion (MPDU, figure 3), modulated according to the first modulation method 
(BPSK), See, e.g., Snell at Abstract, 1:34-46, 1:47-50, 1:55-57, 1:58-61, 2:27-30, 2:56-
59, 2:61-3:5, 4:42-47, 5:18-2, 6:35-36, 6:52-59, 6:64-66, 7:1-2, 7:5-14, 7:6- 8, Figs. 2, 
3; Harris AN9614 at 3; Harris 4064.4 at 14, 15, 16, Fig. 10. 

wherein the second information comprises data intended for one of the one or more slave 
transceivers and 

Snell discloses that the second information (MPDU) comprises data intended for one of 
the one or more slave transceivers. See, e.g., Snell at Abstract, 1:34-46, 1:47-50, 1:55-
57, 1:58-61, 2:27-30, 2:56-59, 2:61-3:5, 4:42-47, 5:18-2, 6:35-36, 6:52-59, 6:64-66, 7:1-
2, 7:5-14, 7:6- 8, Figs. 2, 3; Harris AN9614 at 3; Harris 4064.4 at 14, 15, 16, Fig. 10. 

With reference to Figure 3 (annotated below) ·which depicts a message from the master 
transceiver, a first message includes a PLCP header and PLCP preamble, the MPDU 
corresponds to second information \vhich is transmitted to the respective slave 
transceiver. 

Snell discloses the lransceiver mmsmitting a "first message" comp11sing "first 
information'·, (e.g., PLCP preamble and PLCP header) ''modulated according to a first 
1nodulation 1nethod" (e.g., BPSK) and "second inforrnation, including a payload 
portion'' (e.g., MPDU data) ''modulated according to the first modulation 
method" (e.g., BPSK) (as depicted in Figure 3 below). Snell alternatively discloses 
modulating the "first information" ( e.g., PLCP preamble and PLCP header) and 
"second infonnation, including a payload portion" (e.g., MPDU dalaJ according 
to DBPSK which also is a ''first modulation method_.,, 
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Snell at Fig. 3 (annotated). 

"The header may always be BP.SK. " Snell at 6:35-36. 
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Snell discloses that the ''SIGNAV' in the PLCP header indicates (e.g., using "OAh") 
the modulation type (e.g., BPSK) used for modulating the MPDL data portion. 

"Ncnv relating to the PLCP header 91, llle SIGNAL is: 

OAh 
14h 

6Eh 

Snell at 6:52-59. 

J }dbit/s JJPSFC, 
2 M"bH/S QPSK~ 
5.5 ~it/~ BPSK, and 
11 Mbit/s QPSK 

"SIGNAL is indicated by 2 control bits and then formatted as described." Snell at 7:1-2. 

"MPDU is serially provided by Interface 80 and is the variable data scrambled for normal 
operation. The reference phase for the first symbol of the MPDU is the output phase of 
the last symbol of the header for Diff Encoding. The last symbol of the header into the 
scrambler 51 must be followed by the first bit of the MPDU. The variable data may be 
modulated and demodulated in different formats than the header portion to thereby 
increase the data rate, and while a switchover as indicated by the switchover point in 
FIG. 3, occurs on-the-fly." Snell at 7:5-14. 
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"The modulator preferably comprises means for operating in one of a biphase PSK 
(BPSK) modulation mode at a first data rate defining a first format, and a quadrature 
PSK (QPSK) mode at a second data rate defining a second format." Snell at 2:56-59. 

"In particular, the HSP3824 baseband processor manufactured by Harris Corporation 
employs quadrature or bi-phase phase shift keying (QPSK or BPSK) modulation 
schemes." Snell at 1:58-61. 

See also, e.g., Snell at Abstract ("The modulator and demodulator are each preferably 
operable in one of a bi-phase PSK (BPSK) mode at a first data rate and a quadrature PSK 
(QPSK) mode at a second data rate. These formats may also be switched on-the-fly in the 
demodulator."), 2: 15-17 ("Moreover, a WLAN application, for example, may require 
a change between BPSK and QPSK during operation, that is, on-the-fly."). 

"The PLCP preamble and PLCP header are always at 1 Mbit/s, Diff encoded, 
scrambled and spread with an 11 chip barker." Snell at 6:64-66. 

"The modulator may also preferably include header modulator means for modulating data 
packets to include a header at a predetermined modulation and a third data rate defining 
a third format .... The third format is preferably differential BPSK." Snell at 2:61-3:5. 
"The reference phase for the first symbol of the MPDU is the output phase of the last 
symbol of the header/or Dif.f Encoding." Snell at 7:6-8 . 

.....---- SWITCHCOVER POINT 
I 192 µ.s 1 

j SYNC (128) I SFD(1 B)I SIGNAL(8) I SEIMCE(8) l LENGTH(16) I CRC{l 6) I 
' ' I l---144µ.s I -43.._s ____ _____..., 

j PLCP PREAMBLE PLCf' HEADER 

DBPSIC, 1 Mbit/s (PER 802. 11) 

FIG. 3 

Snell Figure 3 
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Snell incorporates by reference Harris 4064.4, 6 which teaches: 
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"The preamble and header are always transmitted as DBPSK waveforms while the data 
packets can be configured to be either DBPSK or DQPSK." Harris 4064.4 at 14. 

"The preamble is always transmitted as a DBPSK waveform with a programmable length 
of up to 256 symbols long." Harris 4064.4 at 15. 

6 Snell expressly incorporates by reference "the entire disclosure" of Harris 4064.4 (Snell at 5:8-
17, 5:31-33). See Harari v. Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) ("the entire '579 application disclosure 
was incorporated by the broad and unequivocal language: 'The disclosures of the two applications are hereby 
incorporate[ d] by reference."'); see also Advanced Display Sys., Inc. v. Kent State Univ., 212 F.3d 1272, 1282 
(Fed.Cir.2000) ("material not explicitly contained in the single, prior art document may still be considered for 
purposes of anticipation if that material is incorporated by reference into the document."). 
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"Signal Field (8 Bits) - This field indicates whether the data packet that follows the 
header is modulated as DBPSK or DQPSK. In mode 3 the HSP3824 receiver looks at the 
signal field to determine whether it needs to switch from DBPSK demodulation into 
DQPSK demodulation at the end of the always DBPSK preamble and header fields." 
Harris 4064.4 at 15. 

"Mode 3 - In this mode the preamble is programmable up to 256 bits (all l's). The header 
in this mode is using all available fields. In mode 3 the signal field defines the modulation 
type of the data packet (DBPSK or DQPSK) so the receiver does not need to be 
preprogrammed to anticipate one or the other. In this mode the device checks the Signal 
field for the data packet modulation and it switches to DQPSK if it is defined as such in 
the signal field. Note that the preamble and header are always DBPSK the modulation 
definition applies only for the data packet." Harris 4064.4 at 16. 

See also, e.g., Harris 4064.4 at 14 ("The HSP3824 transmitter is designed as a Direct 7 

Sequence Spread Spectrum DBPSK/DQPSK modulator."), Harris 4064.4 at 14 ("The 
modulator is capable of switching rate automatically in the case where the preamble and 
header information are DBPSK modulated, and the data is DQPSK modulated."), Harris 
4064.4 at FIGURE 10. 

first message address information that is indicative of the one of the one or more slave 
transceivers being an intended destination of the second information; and 

Snell does not expressly disclose the first message comprises first message address 
information that is indicative of the one of the one or more slave transceivers being an 
intended destination of the second information. 

Yamana teaches that packets can be advantageously addressed for an intended 
destination. 
Yamana discloses transmitting a "first message" ( e.g., data packet including a preamble 
and main body) that includes "first message address information that is indicative" ( e.g., 
"destination address" in the preamble) of the transceiver that is the "intended destination 
of the second information." 

"Packet 700 includes a preamble 701 and a main body 702." Yamana at 19:63-64. 

7 Snell expressly incorporates by reference "the entire disclosure" of Harris 4064.4 (Snell at 5:8-
17, 5:31-33). See Harari v. Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) ("the entire '579 application disclosure 
was incorporated by the broad and unequivocal language: 'The disclosures of the two applications are hereby 
incorporate[ d] by reference."'); see also Advanced Display Sys., Inc. v. Kent State Univ., 212 F.3d 1272, 1282 
(Fed.Cir.2000) ("material not explicitly contained in the single, prior art document may still be considered for 
purposes of anticipation if that material is incorporated by reference into the document."). 
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"For example, preamble 701 can include information which identifies: (1) a version or 
type field for the preamble, (2) packet source and destination addresses, (3) the line 
code (i.e., the modem protocol being used), (4) the data rate, (5) error control parameters, 
(6) packet length and (7) a timing value for the expected reception slot of a subsequent 
packet." Y amano at 20: 1-7. 

Yamana also discloses that the preamble precedes the main body (containing data), as 
shown in Figure 8. Yamana teaches that the first message comprises first message 
address information that is indicative of the one of the one or more slave transceivers 
being an intended destination of the second information. See, e.g., Y amano at 19:63-64, 
20:1-7, 20:54-59, Fig. 8. 

~----·························-----------------------------.--------·-. 

i----•";:~;:~~~~::~:::<~:;,~:;;~l=::~;r:, ___ J 
::. ::-··. ····-··--·· ----- ---····· . --- ··-·····. --------- ..... --~ 

.,,.~.-,"--"' l ___ ·-=~=~-•:;:.;·"c.,c,:.,rn-..•,~,,i,-:.<n_·,_;..,.,....._,...___.,,. 

Yamana at Fig. 8 (annotated). 

Snell and Y amano are in the same field of art, with both relating to transmitting data 
packets over a network (see, e.g., Snell at 1:55-58, 2:61-63, 2:66-3:3, 5:18-21, 6:48-63, 
Fig. 3; Yamana at 1: 1-29, 19:54-20:33, Fig. 8), at varying rates (see, e.g., Snell at 2: 15-
17, 6:52-59; Yamana at 19:54-56). Yamana expressly teaches that including a destination 
address in the preamble portion of the data packet, which precedes the data portion, will 
advantageously reduce processing requirements of receiving devices because the 
receiving device can filter out packets which it does not need to demodulate. Yamana at 
20:54-59 ("When the preamble in a burst-mode packet includes the destination address of 
the packet, the receiver circuits can monitor the destination address of the packet, and in 
response, filter packets which do not need to be demodulated, thereby reducing the 
processing requirements of the receiver circuits."). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use Yamana' s teaching of including a destination address in the 
preamble portion of a data packet in implementing Snell's data packet implemented in 
light of Harris 4064.4 and Harris AN9614 comprising preamble, header, and MPDU data 
portions to advantageously specify which receiver the data is intended for and to 
beneficially reduce the processing requirements at the receiving device, as taught by 
Yamana. "When the preamble in a burst-mode packet includes the destination address of 
the packet, the receiver circuits can monitor the destination address of the packet, and in 
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response, filter packets which do not need to be demodulated, thereby reducing the 
processing requirements of the receiver circuits." Yamana at 20:54-59. 

In addition, Snell teaches structuring its data packet to include a preamble, header, and 
MPDU data portion (see, e.g., Snell at 6:35-36, 6:64-66, 7:5-14, Fig. 3), and Yamana 
teaches structuring its data packet to also include a preamble and data portion, and to 
place the destination address in the preamble portion (Yamana at 19:63-20:7, Fig. 8). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to include a destination address in the preamble portion of a data 
packet, as taught by Y amano, in implementing Snell's system implemented in light of 
Harris 4064.4 and Harris AN9614 for transmitting data packets between transceivers, as 
Snell teaches that its data packet already includes a preamble portion-and in 
combination, each element (Yamana' s teaching of placing a destination address in the 
preamble and Snell's teaching of a system for communicating data packets modulated 
according to different modulation methods between transceivers) performs the same 
function as it would separately, yielding nothing more than predictable results. KSR Int'l 
Co. v. Teleflex Inc., 550 U.S. 398, 417 (2007). One of ordinary skill in art at the time the 
invention was made would have thus recognized that this combination (yielding the 
claimed limitation) would have worked as expected. For these reasons, a person of 
ordinary skill would have been motivated and found it obvious and straightforward to use 
the teachings of Yamana including a destination address in the preamble of a data packet 
in implementing Snell's communication system. 

Snell in view of Harris 4064.4, in further view of Harris AN9614 and further in view of 
Yamana thus teach that the first message comprises first message address information 
that is indicative of the one of the one or more slave transceivers being an intended 
destination of the second information. See, e.g., Snell at 6:35-36, 6:64-66, 7:5-10, Fig. 3; 
Harris 4064.4 at 14; Yamana at 19:63-64, 20:1-7, 20:54-59, Fig. 8. 

said master transceiver configured to transmit a second message over the communication 
medium from the master transceiver to the one or more slave transceivers wherein the 
second message comprises: 

third information modulated according to the first modulation method, 
wherein the third information comprises information that is indicative of an impending 
change in modulation to a second modulation method, and 

fourth information, including a payload portion, transmitted after transmission of the third 
information, 
the fourth information being modulated according to the second modulation method, 
the second modulation method being of a different type than the first modulation method, 
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wherein the fourth information comprises data intended for a single slave transceiver of 
the one or more slave transceivers, and 

As noted above, Snell discloses that the transceiver transmits data packets to multiple 
different end user slave transceivers, as such multiple messages of format shown in figure 
3 are provided to the slave transceivers and where the communication may switch on-the
fly between a "first modulation method" ( e.g., BPSK) and a "second modulation method" 
( e.g., QPSK) that is "of a different type than the first modulation method." Snell thus 
teaches transmitting a "first message" and a "second message" as shown in 
annotated Figure 3 below. See, e.g., Snell at 1:34-46, 1:47-50, 1:55-57, 2:27-30, 2:61-
3:5, 4:42-47, 5:18-2, 6:35-36, 6:52-59, 6:64-
66, 7:1-2, 7:5-14, Fis. 2, 3, 5; Harris AN9614 at 3; Harris 4064.4 atl4-16, Fig. 10 

For example, Snell discloses a "transceiver" that serves as an access point for 
communicating "data intended for a [transceiver]" connected to a wireless local area 
network (WLAN). See claim 1 preamble. 

Snell also discloses that the transceiver transmits data packets to another transceiver, 
where the communication may switch on-the-fly between a "first modulation method" 
( e.g., BPSK) and a "second modulation method" ( e.g., QPSK) that is "of a different type 
than the first modulation method." Snell thus teaches transmitting a "first message" and a 
"second message" as shown in annotated Figure 3 below. 

r ·:""th-:~ r;•x.•A~~:-;,~~~.t.'<-~ ?~\t\~~-~~~· t• ] L ... , ... ~ll~--~if ~--·~,.~!!f.:,~0;':':;)J'~ ~r:~'....ft{~,._..._ ... .., · 1 t ~~~~-.. ::i }_~~.:.,,~~.ti~~·~~f.~~ .:"'-:.:: ;'~&·,1···•' j t' :;"?..:.:::.~~~; ::~~;:~~,=~·;:~~~ :~.;~ ... ~:.;-: .J 
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Snell Figure 3 Annotated (page 54 Request) 

Snell teaches communicating multiple data packets with the ability to "switch on-the-fly 
between different data rates and/or formats" as noted above, based on this disclosure, a 
person of ordinary skill in the art would have understood that Snell teaches that a series 
of packets may be sent that switch from using a first modulation method to using a 
second modulation method for the payload portion of the data packet. For example, the 
"first message" in Snell comprises "first information" ( e.g., PLCP preamble and PLCP 
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header) that is "modulated according to a first modulation method" ( e.g., BPSK) where 
the "first information" ( e.g., "SIGNAL" field in PLCP header) indicates ( e.g., using 
"OAh") the modulation type ( e.g., BPSK) used for modulating "second information" 
( e.g., MPDU data). In the "first message," the "SIGNAL" field in the PLCP header uses a 
code ( e.g., "OAh") that indicates that the "second information" ( e.g., MPDU data) is 
modulated "according to the first modulation method" ( e.g., BPSK at 1 Mbit/s). 

Snell's transceiver can transmit a "second message" comprising "third information" ( e.g., 
PLCP preamble and PLCP header) "modulated according to the first modulation method" 
( e.g., BPSK) where the "third information comprises information" ( e.g., "SIGNAL" field 
in PLCP header) "that is indicative of an impending change in modulation" ( e.g., using "l 
4h") "to a second modulation method" ( e.g., QPSK) used for modulating "fourth 
information." For example, in the "second message," the "SIGNAL" field in the PLCP 
header uses a code ( e.g., "14h") that indicates that the "fourth information" ( e.g., MPDU 
data) is modulated "according to the second modulation method" ( e.g., QPSK at 2 
Mbit/s), wherein the "second modulation method" is of a "different type than the first 
modulation method." This "SIGNAL" is "indicative of an impending change" from the 
"first modulation method" to the "second modulation method" because it is indicating a 
change from, for example, QPSK modulation to BPSK modulation. In addition, 
transmitting the data using the "second modulation method"- QPSK-results in a data rate 
of 2 Mbit/s which is higher than transmitting the data using the "first modulation method 
" BPSK at 1 Mbit/s. 

"The modulator may also preferably include header modulator means for modulating 
data packets." Snell at 2:61-63. 

"The PRISM 1 chip set provides all the functions necessary for full or half duplex, direct 
sequence spread spectrum, packet communications at the 2.4 to 2.5 GHz ISM radio 
band." Snell at 1:55-57. 

"It is another object of the invention to provide a spread spectrum transceiver and 
associated method to permit operation at higher data rates and which may switch on-the
fly between different data rates and/or formats." Snell at 2:27-30. 

"The variable data may be modulated and demodulated in different formats than the 
header portion to thereby increase the data rate, and while a switchover as indicated by 
the switchover point in FIG. 3, occurs on-the-fly." Snell at 7: 10-14. 

"The header may always be BPSK." Snell at 6:35-36. 

"Now relating to the PLCP header 91, the SIGNAL is: 
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OAh 1 J'v1bit/s BPSK, 
14h 2 Mbfr/S OPSK~ 
37h 5.5 Mhit/s. :BPS]{, and 
6Eh n )..fo~t/s QPSK. 

,_, 

SIGNAL is indicated by 2 control bits and then formatted as described." Snell at 7:1-2. 

"MPDU is serially provided by Interface 80 and is the variable data scrambled for 
normal operation. The reference phase for the first symbol of the MPDU is the output 
phase of the last symbol of the header for Diff Encoding. The last symbol of the header 
into the scrambler 51 must be followed by the first bit of the MPDU. The variable data 
may be modulated and demodulated in different formats than the header portion to 
thereby increase the data rate, and while a switchover as indicated by the switchover 
point in FIG. 3, occurs on-the-fly." Snell at 7:5-14. 

Snell describes that the "first modulation method" may be BPSK and the "second 
modulation method" may be QPSK, which is of a different "type" than the first 
modulation method, and alternatively describes that the "first modulation method" may 
be differential BPSK ("DBPSK") and that the "second modulation method" may be 
differential QPSK ("DQPSK"), which is also of a different "type" than the first 
modulation method. 

Thus, Snell alternatively describes modulating the "first information" ( e.g., PLCP 
preamble and PLCP header) according to a "first modulation method" ( e.g., DBPSK) and 
"second information" ( e.g., MPDU data) according to either a "first modulation method" 
( e.g., DBPSK) or "second modulation method" ( e.g., QBPSK). 

"The PLCP preamble and PLCP header are always at 1 Mbit/s, Diff encoded, scrambled 
and spread with an 11 chip barker." Snell at 6:64-66. 

"The modulator may also preferably include header modulator means for modulating data 
packets to include a header at a predetermined modulation and a third data rate defining 
a third format .... The third format is preferably differential BPSK." Snell at 2:61-3:5. 

"The reference phase for the first symbol of the MPDU is the output phase of the last 
symbol of the header/or Diff Encoding." Snell at 7:6-8. See also, e.g., Snell at Figs. 2, 3, 
5. 

Snell incorporates by reference Harris 4064.4, 17 which discloses: "The preamble and 
header are always transmitted as DBPSK waveforms while the data packets can be 
configured to be either DBPSK or DQPSK." Harris 4064.4 at 14. 
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"The preamble is always transmitted as a DBPSK waveform with a programmable length 
of up to 256 symbols long." Harris 4064.4 at 15. 

"Signal Field (8 Bits) - This field indicates whether the data packet that follows the 
header is modulated as DBPSK or DQPSK. In mode 3 the HSP3824 receiver looks at the 
signal field to determine whether it needs to switch from DBPSK demodulation into 
DQPSK demodulation at the end of the always DBPSK preamble and header fields." 
Harris 4064.4 at 15. 

"Mode 3 - In this mode the preamble is programmable up to 256 bits (all l's). The header 
in this mode is using all available fields. In mode 3 the signal field defines the modulation 
type of the data packet (DBPSK or DQPSK) so the receiver does not need to be 
preprogrammed to anticipate one or the other. In this mode the device checks the Signal 
field for the data packet modulation and it switches to DQPSK if it is defined as such in 
the signal field. Note that the preamble and header are always DBPSK the modulation 
definition applies only for the data packet." Harris 4064.4 at 16. 

See also, e.g., Harris 4064.4 at 14 ("The HSP3824 transmitter is designed as a Direct 
Sequence Spread Spectrum DBPSKIDQPSK modulator."), Harris 4064.4 at 14 ("The 
modulator is capable of switching rate automatically in the case where the preamble and 
header information are DBPSK modulated, and the data is DQPSK modulated."), Harris 
4064.4 at FIGURE 10. 

Kamerman discloses transmitting a first message including second information 
modulated at a first modulation method and transmitting a second message including 
fourth information modulated at a second modulation method. See, e.g., Kamerman at 6, 
11, 12. 

For example, Kamerman discloses an automatic rate selection scheme for falling forward 
from a "first modulation method" ( e.g., BPSK) corresponding to a lower data rate ( e.g., 1 
Mbit/s) to a "second modulation method" (e.g., QPSK) corresponding to a higher data 
rate ( e.g., 2 Mbit/s) after a number of successive correctly acknowledge packet 
transmissions, for instance, where there is a low load in neighbor cells and a reliable 
connection. 

"Then there is looked to automatic rate control to keep the co-channel interference at a 
tolerable level." Kamerman at 6. 

"IEEE 802.11 DS specifies bit rates of 1 and 2 Mbps. The allowable SNR and CSIR 
values for reliable transmission of data packets are dependent on the bit rate." Kamerman 
at 11. 
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"IEEE 802.11 DS specifies BPSK and QPSK, in addition there could be applied 
proprietary modes with M-PSK and QAM schemes that provide higher bit rates by 
encoding more bits per symbol. ... An automatic rate selection scheme based on the 
reliability of the individual uplink and downlink could be applied. The basic rate 
adaptation scheme could be: after unacknowledged packet transmissions the rate falls 
back, and after a number ( e.g. JO) of successive correctly acknowledged packet 
transmissions the bit rate goes up. " Kamerman at 11. 

"At lower load in the neighbor cells the highest bit rate can be used more often. At higher 
load the transmissions from the access point to stations at the outer part of the cells, will 
be done often at fall back rates due to mutilation of transmissions by interference. In 
practice the network load for LANs at nowadays client-server applications is very bursty, 
with sometimes transmission bursts over an individual links and low activity during the 
major part of the time. Therefore the higher bit rate can be used during the most of the 
time, and at high load in the neighbor cells ( as will evoked by test applications) there will 
be switched to fall back rates in the outer part of the cell." Kamerman at 11. 

"The application of proprietary bit rates of 3 and 4 Mbps in addition to the basic 1 and 2 
Mbps, can be combined with an automatic rate selection. This automatic rate selection 
gives fall forward at reliable connections and fall back at strong co-channel interference." 
Kamerman at 12 

It was well-known in the art, as demonstrated by Kamerman, to transmit a first data 
packet where the data is modulated using a first modulation method, such as BPSK 
( corresponding to a lower data transfer rate), and to next transmit a second data packet 
where the data is modulated using a second modulation method, such as QPSK 
(corresponding to a higher data transfer rate). 

One of ordinary skill in the art at the time the invention was made would have been 
motivated and found it obvious and straight forward to use Kamerman's teaching of 
transmitting a first data packet where the data is modulated using a first modulation 
method and next transmitting a second data packet where the data is modulated using a 
second modulation method in implementing Snell's system for communicating data 
packets modulated according to different modulation methods (modified by the teaching 
of Yamana, as discussed above) to advantageously maximize the data transfer rate and 
adapt to changing channel conditions (as also taught by Kamerman). In particular, 
Kamerman expressly teaches that it is beneficial to transmit the data of a first data packet 
using a first modulation method corresponding to a lower data transfer rate ( e.g., BPSK 
modulation at 1 mbps) during higher load conditions when a more robust signal is needed 
due to "mutilation of transmissions by interference," and to next transmit the data of a 
second data packet using a second modulation method corresponding to a higher data 
transfer rate ( e.g., QPSK modulation at 2 mbps) (i.e., falling forward) to maximize the 
data transfer rate during lower load conditions when the connection is more reliable. See 
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Kamerman at 6 ("Then there is looked to automatic rate control to keep the co-channel 
interference at a tolerable level."), 11 ("The basic rate adaptation scheme could be: after 
unacknowledged packet transmissions the rate falls back, and after a number ( e.g. 10) of 
successive correctly acknowledged packet transmissions the bit rate goes up."), 11 ("At 
lower load in the neighbor cells the highest bit rate can be used more often. At higher 
load the transmissions from the access point to stations at the outer part of the cells, will 
be done at fallback rates due to mutilation of transmissions by interference. In practice 
the network load for LANs at nowadays client-server applications is very bursty, with 
sometimes transmission bursts over an individual links and low activity during the major 
part of the time. Therefore the higher bit rate can be used during the most of the time, and 
at high load in the neighbor cells ... there will be switched to fall back rates in the outer 
part of the cell."), 12 ("This automatic rate selection gives fall forward at reliable 
connections and fall back at strong co-channel interference. Therefore it gives adaptation 
of the bit rate to the interference as it occurs in time depending on positions as load."). 

Moreover, Snell and Kamerman are in the same field of art, with both relating to 
communications between transceivers that use BPSK and QPSK modulation methods to 
transfer data at different rates according to the draft IEEE 802.11 standard available at 
that time. See, e.g., Snell at 1:47-63 ("The assignee of the present invention has 
developed and manufactured a set of integrated circuits for a WLAN under the mark 
PRISM 1 which is compatible with the proposed IEEE 802.11 standard .... "), 5:31-33 
("The present invention provides an extension of the PRISM 1 product from 1 Mbitls 
BPSK and 2 Mbitls QPSK ... "); Kamerman at 6 ("This paper considers the critical 
parameters for wireless LANs that operate conform to the IEEE 802.11 DSSS ( direct 
sequence spread spectrum) standard ... "), 11 ("IEEE 802.11 DS specifies bit rates of 1 
and 2 Mbps.", 11 ("IEEE 802.11 DS specifies BPSK and QPSK ... "). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to use Kamerman' s teaching of transmitting a first data packet where the data 
is modulated using a first modulation method and next transmitting a second data packet 
where the data is modulated using a second modulation method in implementing Snell's 
system (modified in light of Yamana) for communicating data packets modulated 
according to different modulation methods, as both Snell and Kamerman are directed to 
IEEE 802.11 systems utilizing BPSK and QPSK modulation corresponding, respectively, 
to a lower and higher data transfer rates-and in combination, each element (Kamerman's 
teaching of transmitting a first data packet where the data is modulated using a first 
modulation method and next transmitting a second data packet where the data is 
modulated using a second modulation method and Snell's system for communicating data 
packets modulated according to different modulation methods) performs the same 
function as it would separately, yielding nothing more than predictable results. KSR, 550 
U.S. at 417. One of ordinary skill in the art would have thus recognized that this 
combination (yielding the claimed limitation) would have worked as expected and would 
have been motivated and found it obvious and straightforward to use Kamerman' s 
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teaching of transmitting a first data packet where the data is modulated using a first 
modulation method and next transmitting a second data packet where the data is 
modulated using a second modulation method in implementing Snell's system (modified 
in light of Y amano) for communicating data packets modulated according to different 
modulation methods. 

second message address information that is indicative of the single slave transceiver being 
an intended destination of the fourth information; and 

Snell in view of Yamana discloses that the second message comprises second message 
address information that is indicative of the single slave transceiver being an intended 
destination of the fourth information. See, e.g., Snell at 1:55-57, 2:61-63, 6:35-36, 6:64-
66, 7:5-14, Fig. 3; Harris 4064.4 at 14; Yamana at 19:63-64, 20:1-7, 20:54-59, Fig. 8. 

For example, Snell discloses transmitting a "second message" including a PLCP 
preamble and PLCP header, and MPDU data, as shown in Figure 3 below. 

t .............................................................................................................................................................................................................................................................................................................................................................. 1 f ........................................................................................................................................................................................................................................................................................................................................................................ l 
~ , ••• 'I .:, .. .. .. -~ '- !lo. ,., ~ ~ •• •' • .-, ~· s ... ~-.: ·- ~ 'Ii:' l'I. ~ 
~ ~-:•t-l:£~.,.~~~·.J f.:::·~ ft}·;:a~·;;::s:,-s:l::::$~~-;:-~~·~-~ ~ ~ ,-~·~"- ··~ ·~--~~,~-;:;-~ ?.-•~:i: t ~--:-s·~~-~-s ~ ... :t:~· ··~-i~-"~ ~ 
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Snell at Fig. 3 (annotated). 

"The modulawr may also prefornbly include header modulator means for 
modulating data packets" Snell at 2:61-63. 
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"The PRISM 1 chip set provides all the functions necessary for full or half duplex, direct 
sequence spread spectnnn, packet communications at the 2.4 to 2.5 GHz ISM radio 
band." Snell at I :55-57. 

''The header may always be BPSK." Snell at 6:35-36. 

''The PLCP preamble and PLCP header are always at 1 Mbit/s, Diff encoded, scrambled 
and spread with an 11 chip barker." Snell at 6:64-66. 

·'JviPDU is serially provided by Interface 80 and is the variable data scrambled for 
normal operation. The reference phase for the first symbol of the MPDU is the output 
phase of the last symbol of the header for Diff Encoding. The last symbol of the header 
into the scrambler 51 must be followed by the first bit of the MPDU. The variable 
data may be modulated and demodulated in different formats than the header portion to 
thereby increase the data rate, and while a switchover as indicated by the switchover 
point in FIG. 3, occurs on-the-fly." Snell at 7:5-14. 

Snell incorporates by reference Harris 4064.4, 19 \vhich discloses: 

"The preamble and header are always transmitted as DBPSK waveforms while the data 
packets can be configured to be either DBPSK or DQPSK." Harris 4064.4 at 14. 

Yamana discloses that the second message comprises second message address 
information that is indicative of the single slave transceiver being an intended destination 
of the fourth information. See, e.g., Yamana at 19:63-64, 20:1-7, 20:54-59, Fig. 8. 

For example, Yamana discloses that a packet includes a preamble and main body, and 
that the preamble can include a destination address. 

"Packet 700 includes a preamble 701 and a main body 702." Yamana at 19:63-64. 

"For example, preamble 701 can include information which identifies: (1) a version or 
type field for the preamble, (2) packet source and destination addresses, (3) the line code 
(i.e., the modem protocol being used), (4) the data rate, (5) error control parameters, (6) 
packet length and (7) a timing value for the expected reception slot of a subsequent 
packet." Yamana at 20:1-7 (emphasis added). 
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Yamana at Figure 8 (annotated). 

"When the preamble in a burst-mode packet includes the destination address of the 
packet, the receiver circuits can monitor the destination address of the packet, and in 
response, filter packets which do not need to be demodulated, thereby reducing the 
processing requirements of the receiver circuits." Yamana at 20:54-59. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to use Yamana' s teaching of including a destination address in the preamble 
portion of a data packet in implementing Snell's data packet comprising preamble, 
header, and MPDU data portions to advantageously specify which receiver the data is 
intended for and to beneficially reduce the processing requirements at the receiving 
device, as taught by Yamana. "When the preamble in a burst-mode packet includes the 
destination address of the packet, the receiver circuits can monitor the destination address 
of the packet, and in response, filter packets which do not need to be demodulated, 
thereby reducing the processing requirements of the receiver circuits." Yamana at 20:54-
59. 

In addition, Snell teaches structuring its data packet to include a preamble, header, and 
MPDU data portion (see, e.g., Snell at 6:35-36, 6:64-66, 7:5-14, Fig. 3), and Yamana 
teaches structuring its data packet to also include a preamble and data portion, and to 
place the destination address in the preamble portion (Yamana at 19:63-20:7, Fig. 8). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to include a destination address in the preamble portion of a data packet, as 
taught by Yamana, in implementing Snell's system for transmitting data packets between 
transceivers, as Snell teaches that its data packet already includes a preamble portion-and 
in combination, each element (Yamana' s teaching of placing a destination address in the 
preamble and Snell's teaching of a system for communicating data packets modulated 
according to different modulation methods between transceivers) performs the same 
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function as it would separately, yielding nothing more than predictable results. KSR Int'l 
Co. v. Teleflex Inc., 550 U.S. 398, 417 (2007). One of ordinary skill in art at the time the 
invention was made would have thus recognized that this combination (yielding the 
claimed limitation) would have worked as expected. For these reasons, a person of 
ordinary skill would have been motivated and found it obvious and straightforward to use 
the teachings of Yamana including a destination address in the preamble of a data packet 
in implementing Snell's communication system. 

wherein the second modulation method results in a higher data rate than the first 
modulation method. 

Snell discloses that the second modulation method results in a higher data rate than the 
first modulation method. See, e g., Snell at 5:31-33, 6:52-59, 6:64-66, 7:1-2, 7:5-14, Fig. 
3; Harris 4064.4 at 16 (Table 7). 

For example, Snell discloses that the second modulation method ( e.g., QPSK, or 
alternatively, DQPSK) results in a higher data rate ( e.g., 2 Mbit/s) than the first 
modulation method ( e.g., BPSK, or alternatively, DBPSK) which results in a data rate of 
1 Mbit/s. 
"The present invention provides an extension of the PRISM 1 product from 1 Mbitls 
BPSK and 2 Mbitls QPSKto 5.5 Mbit/s BPSK and 11 Mbit/s QPSK." Snell at 5:31-33 

"The PLCP preamble and PLCP header are always at 1 Mbit/s, Diff encoded, scrambled 
and spread with an 11 chip barker." Snell at 6:64-66. 

"Now relating to the PLCP header 91, the SIGNAL is: 

OP\h 
14h 
37h 
6Eh 

Snell at 6:52-59 

J. l'>,fbi.t/s BPSK, 
_:_:: Mbir/S QPSK, 
55 Mbit/;, HPS.K, <tt«:l 
11 l\-1-bitf.s OPSK 

"SIGNAL is indicated by 2 control bits and then formatted as described." Snell at 7:1-2. 

"MPDU is serially provided by Interface 80 and is the variable data scrambled for normal 
operation. The reference phase for the first symbol of the MPDU is the output phase of 
the last symbol of the header for Diff Encoding. The last symbol of the header into the 
scrambler 51 must be followed by the first bit of the MPDU. The variable data may be 
modulated and demodulated in different formats than the header portion to thereby 
increase the data rate, and while a switchover as indicated by the switchover point in FIG. 
3, occurs on-the-fly." Snell at 7:5-14. See also, e.g., Snell at Fig. 3; Harris 4064.421 at 16 
(Table 7). 
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21. The master communication device as in claim 1, wherein the first information that is 
included in the first message comprises the first message address data. 

Snell modified in view of Harris 4064.4, in view of Harris AN 9614, in view of Yamana 
and further in view of Kamerman as recited above disclose that the first information that 
is included in the first message comprises the first message address as indicated in the 
rejection of claim 1 above with reference to the first message address of the destination, 
therefore the first message address data is included in the actual message when 
transmitted by the master to the slave transceiver. 

Yamano expressly teaches that including a destination address in the prea1nble 
portion of the data packet, which precedes the data portion, \Vil! advantageously 
reduce processing requirements of receiving devices because lhe receiving device 
can filter out packets 'Which it does not need to demodulate. Yamano at 20:54-59 
("\Vhen the preamble in a burst-mode packet includes the destination address of 
the vac-k;et. the receiver circuits can monitor the destination address of the packet 
and in response" filter packets which do not need to be demodulated, thereby 
reducing the processing requirernents of the receiver circuits."). 

D.) Claim 21 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Snell 
in view of Harris 4064.4, further in view of the Admitted Prior Art, further in view of 
Upender, further in view of Yamano and further in view of Kamerman. 

1. A master communication device configured to communicate with one or more slave 
transceivers according to a master/slave relationship in which a slave communication from 
a slave device to the master communication device occurs in response to a master 
communication from the master communication device to the slave device, 
the master communication device comprising: 
a master transceiver configured to transmit a first message over a communication medium 
from the master transceiver to the one or more slave transceivers, 

Snell discloses a master communication device (transceiver 30) that serves as an access 
point for communicating data with other transceivers connected to a wireless local area 
network (WLAN) and is configured to communicate \Vith one or more slave transceivers 
fond users connect to LAN through lransceivers) according to a 1naster/slave relationship 
in which a slave communication from a slave device to the master communication device 
occurs in response to a master commrmication from the rnaster corrununication device 
to the slave device. 5.i'ee, e.g., Snell at l:34.--46,1:47--50,1:55--57, 2:27-30, 4:4.2--47, 5:18-
21; Harris AN9614 at 3, 
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Snell at 4.:42--47 (''Referring to FIG. La wireless transceiver 30 in accordance with the 
invention is first described. The transceiver 30 may be readily u:,.:edfor WLAN 

applications in the 2A GHZ ISM band in accordance with the proposed IEEE 
802.11 swndard. Those of skill in ihe ari ,vi11 readily recognize other applications for the 
transceiver 30 as well." 

"In a typical WLAN, an access point provided by a transceiver~ that is, a combination 
trnnsmHter and n~ceiver~ connects lO the \vired netvvork fro1n a fixed location. 
A .. ccordingly, the access transceiver receives, buffers, and transmits data between the 
\VI.AN and the wired network A single access tran:,.:ceiver can support a snwll group of 

collocated users within a range of less than about one hundred to several hwu!red feet. 
The end users connect to the WL4.N through transceivers ,vhich are typically 
irnplernented as PC cards in a notebook computer_ or ISA or PCI cmds for desktop 
computers. Of course the transceiver may be integrated ,vith any device, such as a hand
held cornputer.'' Snell at 1 :34A6. 

"Like the HSP3824 baseband processor,, the high data rate baseband processor 40 of the 
invention contains all of the functions necessary for a full or half duplex packet 
baseband transceiver'' Sne!l at S: 18-21. 

"The PRISM l chip set provides all llle functions necessary for full or half duplex, direct 
sequence spread spectrum packet conununications at the 2.4 to 2.5 GHz ISM radio band." 
Snell at 1:55-57. 

See also, cg., Snell at 2:27-30 ("his another object of llle invention to provide c1 spread 
spectrum transceiver and associated method to permit operation at higher data rates and 
which may swilch on-the-fly between diHerem data rates and/or formals.''); Snell at l :47-
50 ('The assignee of the present invention has developed and manufactured a set of 
integraled circuits for a vVLAN under the 1nmk PRISM 1 which is co1npatible with the 
proposed IEEE 802.11 standard_'-'); Snell at 4:42-47 ("Referring to FIG. La wireless 

transceiver 30 in accordance wilh the invention is first described. The transceil'er 30 mcl)' 

be readily usedfor \,YL4N applications in the 2.4 GHZ ISM band in accordance ,.vith the 
proposed IEEE 802. J 1 standard. Those of skill in the art vvill readily recognize other 
applications for the transceiver 30 as ,vell." 

Snell incorporates by reference Harrjs AN96141
", '-.vhich discloses that the 

communications between transceivers can operate according to a polled (i.e., 

8 Snell expressly incorporates by reference "the entire disclosure" of Harris AN96 l 4 (Snell at 5:2-7). See Harari v. 
Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) ("the entire '579 application disclosure was incorporated by the broad 
and unequivocal language: 'The disclosures of the two applications are hereby incorporate[ d] by reference."'); see 
also Advanced Display Sys., Inc. v. Kent State Univ., 212 F.3d 1272, 1282 (Fed.Cir.2000) ("material not explicitly 
contained in the single, prior art document may still be considered for purposes of anticipation if that material is 
incorporated by reference into the document."). 
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master/slave) protocoL which is a master/slave communication system.9 See e.g., Harris 
AN9614 ai 3. 

"[T]he controller can keep adequate time to operate either a polled or a time allocated 
scheme. In these modes, the radio is powered off most of the time and only awakens 
when communications is expected. This station would be awakened periodically to listen 
for a beacon transmission. The beacon serves to reset the timing and to alert the radio to 
traffic. If traffic is waiting, the radio is instructed when to listen and for how long. In a 
polled scheme, the remote radio can respond to the poll with its traffic if it has any. With 
these techniques, the average power consumption of the radio can be reduced by more 
than an order of magnitude while meeting all data transfer objectives." Harris AN9614 at 
3. 

\Vith respect to the 'slave corrnnunicalion frcnn a slave device to ihe master comrnrmication 
device occurring- in response to a master communication from the master communication device 
lO the slave device'. 

Applicants' Admitted Prior Art10 discloses a communication device capable of 
communication according to a master/slave relationship in which a slave 
communication from a slave to a master occurs in response to a master communication 
from the master to the slave. See, e.g., '228 at 3:64- 5:7, Figs. 1, 2. 

For example, the '228 patent discloses a prior art system with master and tributary (slave) 
transceivers, as shown in Figures 1 and 2 (depicted below). 

9 A polled protocol is a master/slave protocol, as confirmed by the '228 patent. '228 patent at 4:30-34. See also 
IPR2014-00892, Pap. 46 at 16 ("In [a polling] protocol, a centrally assigned master periodically sends a polling 
message to the slave nodes, giving them explicit permission to transmit on the network."); '228 Prosecution History 
at 352; IPR2014-00892, Ex.1323 (Goodman Declaration) Paral24. 

10 In IPR2014-00892, the Board found that the '228's disclosed multipoint communication systems or master/slave 
systems, depicted in '228 patent, Figures land2 and 3:64-5:7 is material that may be used as prior art against the 
patent under § 103. IPR2014-00892, Pap. 46 (Final Written Decision) at 13-14; see Pharmastem Therapeutics, Inc. v. 
Viacell, Inc., 491 F.3d 1342, 1362 (Fed. Cir. 2007) ("Admissions in the specification regarding the prior art are 
binding on the patentee for purposes of a later inquiry into obviousness."); Constant v. Advanced Micro-Devices, 
Inc., 848 F.2d 1560, 1570 (Fed.Cir.1988) ("A statement in the patent that something is in the prior art is binding on 
the applicant and patentee for determinations of anticipation and obviousness."). As explained in Section 111.E, a 
POSIT A would have been motivated and found it obvious and straightforward to use the Applicant's Admitted Prior 
Art of a master/slave communication system (see '228 patent at 3:64-5:7, Figs. 1, 2) in implementing Snell's 
communication system (as implemented in light of Harris 4064.4). 
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"With reference to FIG. 1, a prior art multipoint communication system 22 is shown to 
comprise a master modem or transceiver 24, which communicates with a plurality of 
tributary modems (tribs) or transceivers 26-26 over communication medium 28. Note that all 
tribs 26-26 are identical in that they share a common modulation method with the master 
transceiver 24. Thus, before any communication can begin in multipoint system 22, the 
master transceiver and the tribs 26-26 must agree on a common modulation method. If a 
common modulation method is found, the master transceiver 24 and a single trib 26 will then 
exchange sequences of signals that are particular subsets of all signals that can be 
communicated via the agreed upon common modulation method. These sequences are 
commonly referred to as training signals and can be used for the following purposes: 1) to 
confirm that the common modulation method is available, 2) to establish received signal level 
compensation, 3) to establish time recovery and/or carrier recovery, 4) to permit channel 
equalization and/or echo cancellation, 5) to exchange parameters for optimizing performance 
and/or to select optional features, and 6) to confirm agreement with regard to the foregoing 
purposes prior to entering into data communication mode between the users. In a multipoint 
system, the address of the trib with which the master is establishing 
communication is also transmitted during the training interval. At the end of a data session a 
communicating pair of modems will typically exchange a sequence of signals known as 
trailing signals for the purpose of reliably stopping the session and confirming that the 
session has been stopped. In a multipoint system, failure to detect the end of a session will 
delay or disrupt a subsequent session. Referring now to FIG. 2, an exemplary multipoint 
communication session is illustrated through use of a ladder diagram. This system uses polled 
multipoint communication protocol. That is, a master controls the initiation of its own 
transmission to the tribs and permits transmission from a trib only when that trib has been 
selected. At the beginning of the session, the master transceiver 24 establishes a common 
modulation as indicated by sequence 32 that is used by both the master 24 and the tribs 26a, 
26b for communication. Once the modulation scheme is established among the modems in 
the multipoint system, The master transceiver 24 transmits a training sequence 34 that 
includes the address of the trib that the master seeks to communicate with. In this case, the 
training sequence 34 includes the address of trib 26a. As a result, trib 26b ignores training 
sequence 34. After completion of the training sequence 34, master transceiver 24 transmits 
data 36 to trib 26a followed by trailing sequence 38, which signifies the end of the 
communication session. Similarly, with reference to FIG. 8, the sequence 170 illustrates a 
Type A modulation training signal, followed by a Type A modulation data signal. Note that 
trib 26b ignores data 36 and trailing sequence 38 as it was not requested for communication 
during training sequence 34. At the end of trailing sequence 38, trib 26a transmits training 
sequence 42 to initiate a communication session with master transceiver 24. Because 
master transceiver 24 selected trib 26afor communication as part of training sequence 34, 
trib 26a is the only modem that will return a transmission. Thus, trib 26a transmits data 44 
destined for master transceiver 24 followed by trailing sequence 46 to terminate the 
communication session. 

IPR2020-00036 Page 02878

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2878



Application/Control Number: 90/013,809 
Art Unit: 3992 

Page 36 

The foregoing procedure is repeated except master transceiver identifies trib 26b in training 
sequence 48. In this case, trib 26a ignores the training sequence 48 and the subsequent 
transmission of data 52 and trailing sequence 54 because it does not recognize its address in 
training sequence 48. Master transceiver 24 transmits data 52 to trib 26b followed 
by trailing sequence 54 to terminate the communication session. Similarly, with reference 
to FIG. 8, sequence 172 illustrates a Type A modulation signal, with notification of a 
changes to Types B, followed by a Types B modulation data signal. To send information 
back to master transceiver 24, trib 26b transmits training sequence 56 to establish a 
communication session. Master transceiver 24 is conditioned to expect data only from trib 
26b because trib 26b was selected as part of training sequence 48. Trib 26b transmits data 
58 to master transceiver 

wherein the first message comprises: 
first information modulated according to a first modulation method, 

Snell discloses that the master transceiver transmits a first message (PLCP header and 
PLCP preamble, figure 3 annotated below) which comprises first information modulated 
according to a first modulation method (BPSK), See, e.g., Snell at Abstract, 1:34-46, 
1:47-50, 1:55-57, 1:58-61, 2:27-30, 2:56-59, 2:61-3:5, 4:42-47, 5:18-2, 6:35-36, 6:52-
59, 6:64-66, 7:1-2, 7:5-14, 7:6- 8, Figs. 2, 3; Harris AN9614 at 3; Harris 4064.4 at 14, 
15, 16, Fig. 10. 

second information, including a payload portion, modulated according to the first 
modulation method, 

Snell discloses that the master transceiver transmits second information, including a 
payload portion (MPDU, figure 3), modulated according to the first modulation method 
(BPSK), See, e.g., Snell at Abstract, 1:34-46, 1:47-50, 1:55-57, 1:58-61, 2:27-30, 2:56-
59, 2:61-3:5, 4:42-47, 5:18-2, 6:35-36, 6:52-59, 6:64-66, 7:1-2, 7:5-14, 7:6- 8, Figs. 2, 
3; Harris AN9614 at 3; Harris 4064.4 at 14, 15, 16, Fig. 10. 

wherein the second information comprises data intended for one of the one or more slave 
transceivers and 

Snell discloses that the second information (MPDU) comprises data intended for one of 
the one or more slave transceivers. See, e.g., Snell at Abstract, 1:34-46, 1:47-50, 1:55-
57, 1:58-61, 2:27-30, 2:56-59, 2:61-3:5, 4:42-47, 5:18-2, 6:35-36, 6:52-59, 6:64-66, 7:1-
2, 7:5-14, 7:6- 8, Figs. 2, 3; Harris AN9614 at 3; Harris 4064.4 at 14, 15, 16, Fig. 10. 

\Vith reference to Figure 3 (annotated below) which depicts a message from the master 
transceiver, a first message includes a PLCP header and PLCP preamble, the MPDU 
corresponds to second infonnalion \vhich is transmitted to the respective slave 
transceiver. 
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Snell discloses the transceiver transmitting a "first message·,, comprising "first 
infonnalion'' (e.g., PLCP preamble and PLCP header) "modulated according to a firsl 

modulation method" (e.g., BPSK) and "second information, including a payload 
portion" (e.g., MPDU data) "1nodulated according lO the firsl rnodulalion 
method" (e .. g .. BPSK) (as depicted in Figure J below; .. Snell alternatively discloses 
modulaling the "first information" (e.g., PLCP preamble and PLCP header) and 
''second information, including a payload portion" (e .. g .. 1vlPDU data) according 
to DBPSK which also is a "first 1nodulation 1nethod.'' 

r-~~n:::;;;:::;:;:;;:;:;:;;:;~::~;;:;:I':,~7 r~--:;:;;~-;~:::::;;;;;;;;:;;:::::;::~::--
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s =ti Sil ~ 
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Snell at Fjg_ 3 {annotated). 

"The header may always be BPSK '' Snell at 6:35-36. 

Snell discloses that the "SIGN AV., in the PLCP header indkates (e.g., using "OAll") 
the modulation type (e.g ... BPSK) used for modulating the MPDU data portion .. 

"Now relating to the PLCP header 91, the SIGNAL is: 

OAh 
14h 
37h 
6Eh 

Snell at 6:52-59. 

J Mbit/~ BPSK, 
2 Mbi.t/S QPSK,, 
5.5 Mhit/s. HPSK, fl.nd 
j .. \th" ' ('•JlY'K .J. lil.,. i.t/3 .[ S . 

"SIGNAL is indicated by 2 control bits and then formatted as described." Snell at 7:1-2. 
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"MPDU is serially provided by Interface 80 and is the variable data scrambled for normal 
operation. The reference phase for the first symbol of the MPDU is the output phase of 
the last symbol of the header for Diff Encoding. The last symbol of the header into the 
scrambler 51 must be followed by the first bit of the MPDU. The variable data may be 
modulated and demodulated in different formats than the header portion to thereby 
increase the data rate, and while a switchover as indicated by the switchover point in 
FIG. 3, occurs on-the-fly." Snell at 7:5-14. 

"The modulator preferably comprises means for operating in one of a biphase PSK 
(BPSK) modulation mode at a first data rate defining a first format, and a quadrature 
PSK (QPSK) mode at a second data rate defining a second format." Snell at 2:56-59. 

"In particular, the HSP3824 baseband processor manufactured by Harris Corporation 
employs quadrature or bi-phase phase shift keying (QPSK or BPSK) modulation 
schemes." Snell at 1:58-61. 

See also, e.g., Snell at Abstract ("The modulator and demodulator are each preferably 
operable in one of a bi-phase PSK (BPSK) mode at a first data rate and a quadrature PSK 
(QPSK) mode at a second data rate. These formats may also be switched on-the-fly in the 
demodulator."), 2: 15-17 ("Moreover, a WLAN application, for example, may require 
a change between BPSK and QPSK during operation, that is, on-the-fly."). 

"The PLCP preamble and PLCP header are always at 1 Mbit/s, Diff encoded, 
scrambled and spread with an 11 chip barker." Snell at 6:64-66. 

"The modulator may also preferably include header modulator means for modulating data 
packets to include a header at a predetermined modulation and a third data rate defining 
a third format .... The third format is preferably differential BPSK." Snell at 2:61-3:5. 
"The reference phase for the first symbol of the MPDU is the output phase of the last 
symbol of the header/or Dif.f Encoding." Snell at 7:6-8 . 

._-- SWITCHCOVER POINT 
I 192µ.s I 

j svt-1c(12ts) I sm(1 e)I SIGMAL(a) I SERV1CE(8) I LENGTH(16) I cRC(1 s) I 
i PLCP PREAMBLE PLO' HEADER 

: OBPSK, 1 Mbit/s (PER 802. 11) 

Snell Figure 3 

WPOU {VARIABLE) 

WPDU (VARIABLE) 

otfTERDrr 
HlftMATS & 
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FIG. S 

Snell incorporates by reference Harris 4064.4, 11 which discloses: 

Page 39 

"The preamble and header are always transmitted as DBPSK waveforms while the data 
packets can be configured to be either DBPSK or DQPSK." Harris 4064.4 at 14. 

"The preamble is always transmitted as a DBPSK waveform with a programmable length 
of up to 256 symbols long." Harris 4064.4 at 15. 

11 Snell expressly incorporates by reference "the entire disclosure" of Harris 4064.4 (Snell at 5:8-
17, 5:31-33). See Harari v. Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) ("the entire '579 application disclosure 
was incorporated by the broad and unequivocal language: 'The disclosures of the two applications are hereby 
incorporate[ d] by reference."'); see also Advanced Display Sys., Inc. v. Kent State Univ., 212 F.3d 1272, 1282 
(Fed.Cir.2000) ("material not explicitly contained in the single, prior art document may still be considered for 
purposes of anticipation if that material is incorporated by reference into the document."). 
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"Signal Field (8 Bits) - This field indicates whether the data packet that follows the 
header is modulated as DBPSK or DQPSK. In mode 3 the HSP3824 receiver looks at the 
signal field to determine whether it needs to switch from DBPSK demodulation into 
DQPSK demodulation at the end of the always DBPSK preamble and header fields." 
Harris 4064.4 at 15. 

"Mode 3 - In this mode the preamble is programmable up to 256 bits (all l's). The header 
in this mode is using all available fields. In mode 3 the signal field defines the modulation 
type of the data packet (DBPSK or DQPSK) so the receiver does not need to be 
preprogrammed to anticipate one or the other. In this mode the device checks the Signal 
field for the data packet modulation and it switches to DQPSK if it is defined as such in 
the signal field. Note that the preamble and header are always DBPSK the modulation 
definition applies only for the data packet." Harris 4064.4 at 16. 

See also, e.g., Harris 4064.4 at 14 ("The HSP3824 transmitter is designed as a Direct 12 

Sequence Spread Spectrum DBPSK/DQPSK modulator."), Harris 4064.4 at 14 ("The 
modulator is capable of switching rate automatically in the case where the preamble and 
header information are DBPSK modulated, and the data is DQPSK modulated."), Harris 
4064.4 at FIGURE 10. 

To the extent that it is deemed that Harris 4064.4 should be treated as independent 
reference from Snell, one of ordinary skill in the art at the time the invention was made would 
have been motivated and found it obvious and straightforward to use Harris 4064.4' s teachings 
of modulating the preamble and header portions of a data packet using DBPSK modulation and 
modulating the payload portion of the data packet using DBPSK or DQPSK modulation (as 
indicated by the SIGNAL field in the header portion) to advantageously provide for switching 
between DBPSK and DQPSK modulation types in implementing an IEEE 802.11 system ( see 
Harris 4064.4 at 1, 3) such as disclosed in Snell. Harris 4064.4 is incorporated by reference into 
Snell (Snell at 5: 13-17), both references are directed to the PRISM chipset and HSP 3824 
baseband processor (Harris 4064.4 at l; Snell at 1:47-63, 5:8-17, 5:31-33), and Harris 4064.4 is a 
publication of Harris Corporation, the same original assignee of Snell. 

It would have been obvious to one of ordinary skill in the art at the time of the invention to 
use the teachings of Harris 4064.4 with the teachings of Snell, in light of the foregoing including 
Snell's express direction to apply the teachings of Harris 4064.4, and further because, in 

12 Snell expressly incorporates by reference "the entire disclosure" of Harris 4064.4 (Snell at 5:8-
17, 5:31-33). See Harari v. Lee, 656 F.3d 1331, 1335-36 (Fed. Cir. 2011) ("the entire '579 application disclosure 
was incorporated by the broad and unequivocal language: 'The disclosures of the two applications are hereby 
incorporate[ d] by reference."'); see also Advanced Display Sys., Inc. v. Kent State Univ., 212 F.3d 1272, 1282 
(Fed.Cir.2000) ("material not explicitly contained in the single, prior art document may still be considered for 
purposes of anticipation if that material is incorporated by reference into the document."). 
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combination, each element (Harris 4064.4's teaching of modulating the preamble and header 
portions of a data packet using DBPSK modulation and modulating the payload portion of the 
data packet using DBPSK or DQPSK modulation and Snell's communication system for 
transmitting data packets modulated using different modulation methods) performs the same 
function as it would separately, yielding nothing more than predictable results. KSR, 550 U.S. at 
417. One of ordinary skill in the art would have thus recognized that this combination (yielding 
the claimed limitation) would have worked as expected and for these reasons, would have been 
motivated and found it obvious and straightforward to use Harris 4064.4's teachings in 
implementing Snell's communication system. 

One of ordinary skill in the art would have additionally been motivated and found it obvious and 
straightforward to use Harris AN9614's teaching of a polled (master/slave) protocol in 
implementing the communication system taught by Snell (in light of Harris 4064.4 ). Harris 
AN9614 is incorporated by reference into Snell (Snell at 5 :2-7), both references are directed to 
the PRISM chipset and HSP 3824 baseband processor (Harris AN9614 at 1, 2; Snell at 1:47-63, 
5:8-17, 5:31-33), and Harris AN9614 is a publication of Harris Corporation, the same original 
assignee of Snell. Moreover, AN9614 expressly teaches that it is beneficial to use a polled 
(master/slave) protocol because "the average power consumption of the radio can be reduced by 
more than an order of magnitude while meeting all data transfer objectives." Harris AN9614 at 3. 
Polling (master/slave) enables this reduction in power consumption because "the system can be 
set at its sleep mode most of the time to achieve low power consumption. It only needs to operate 
at full power consumption during the transmission of a packet or during the expected window for 
received packets." Harris AN9614 at 3. In addition to Snell's express suggestion to apply Harris 
AN9614's disclosures, one of ordinary skill in the art would have been motivated to use Harris 
AN9614's teaching of a polled (master/slave) protocol in implementing Snell's communication 
system (implemented in light of Harris 4064.4, see supra) because a polled (master/slave) 
communication system advantageously provides a simple protocol that has good determinacy 
( e.g., a reduction in collisions). It would have been routine for one of ordinary skill in the art to 
use a polled (master/slave) protocol in implementing Snell's communication system (as 
implemented in light of Harris 4064.4 ), as master/slave communication systems were common 
and well-known in the art (see '228 patent at 3: 64- 5:7), and thus implementing a polled 
(master/slave) protocol in Snell's transceiver (which serves as an access point to support 
communications with multiple other transceivers - Snell at I :34-46) would involve nothing more 
than using common and known techniques to improve a similar system in the same way to yield 
predictable results. KSR, 550 U.S. at 416. One of ordinary skill in the art would have thus 
recognized that this combination (yielding the claimed limitation) would have worked as 
expected. For these reasons, one of ordinary skill in the art would have been motivated and found 
it obvious and straightforward to implement a polled (master/slave) protocol in implementing 
Snell's system (as implemented in light of Harris 4064.4 ). 

It would have further been obvious to one of ordinary skill in the art at the time the invention 
was made and one would have been motivated and found it obvious and straightforward to use 
the Applicant's Admitted Prior Art of a master/slave communication system ( see '228 patent at 
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3:64-5:7, Figs. 1, 2) in implementing Snell's communication system because a polled 
(master/slave) communication system was a popular communication protocol with recognized 
benefits prior to the earliest claimed priority date. 

Snell is in the same field of art as the Admitted Prior Art, with both relating to a communication 
system among transceivers. See, e.g., Snell at I :34-46; Harris AN9614 at 3 (see also Snell at 
5 :2-7); '228 patent at 3:64-4:1. Snell further incorporates by reference Harris AN9614 (Snell at 
5:2-7), which is an application note for the Harris PRISM chipset and HSP3824 baseband 
processor described in Snell. Harris AN9614 at 1 ("Using the PRISMfM Chip Set ... ''), 2 ("The 
HSP3824 performs the baseband demodulation function."); Snell at 5:30-32 ("The present 
invention provides an extension of the PRISM I product ... "), 5: 11-13 ("The conventional Harris 
PRISM I chip set includes a low data rate DSS baseband processor available under the 
designation HSP3824). Harris AN9614 expressly teaches that the communications between 
Snell's transceivers may operate according to a "polled" (master/slave) protocol. See, e.g., 
Harris AN96 I 4 ("the controller can keep adequate time to operate either a polled or time 
allocated scheme."). Similarly, the admitted prior art in the '228 patent also describes using a 
''polled multipoint communication protocol," which is a master/tributary (i.e., master/slave) 
system. '228 patent at 4:30-33. As shown in Fig. 1 below, the admitted prior art of the '228 
patent discloses a master transceiver 24 that communicates with a plurality of tributary 
transceivers 26. '228 patent at 3:64-4:3, Fig. 1. 

Upender is in the same field of art as Snell, with both relating to protocols for communications 
over a network. See, e.g., Upender at 7 ("let's examine various commonly available media access 
protocols"), 7 ("In this protocol, a centrally assigned master sends a polling message to the slave 
nodes, giving them explicit permission to transmit on the network."). Upender further confirms 
that a person of ordinary skill in the art would be motivated to use a master/slave protocol in 
implementing the teachings of Snell (as implemented in light of Harris 4064.4). Upender 
discusses a finite list of well-known communications protocols applicable for use in a network 
setting, including a polled (master/slave) protocol, and expressly teaches benefits of using a 
polled (master/slave) protocol. For example, Upender teaches that "[p]olling is one of the more 
popular protocols for embedded systems because of it simplicity and determinacy. In this 
protocol, a centrally assigned master periodically polls the slave nodes for information." Upender 
at 7; see also IPR2014-00892, Pap. 46 at 16-17 (citing Upender at 7 and finding that "Upender 
teaches that master/slave protocols were widely used and a good choice for simple systems"); 
'228 Prosecution History at 352-353August 26, 2016;IPR2014-00892, Ex. 1323 (Declaration of 
David Goodman) 1-125. While U pender discloses tradeoffs of using a master/slave protocol as 
compared with other communication protocols (see Upender at 11, Table 1), 

Upender expressly teaches that a protocol for a particular application should be selected in light 
of the respective costs and benefits of available protocols, noting that the discussion of the 
strengths and weaknesses of the different protocols "should allow you to select the best protocol 
to match your needs". Upender at 10-11; see also IPR2014-00892, Pap. 46 at 17 (citing Upender 
at 10-11 and finding that Upender does not "teach away" from using the master/slave protocol); 
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'228 Prosecution History at 353. Upender's express teaching that a polled (master/slave) protocol 
is advantageous for its "simplicity and determinacy," would have motivated one of ordinary skill 
to use such a protocol in implementing Snell's communication system, particularly in any system 
in which simplicity and determinacy are important considerations. Upender at 7; see also 
IPR2014-00892, Pap. 46 at 16-18; '228 Prosecution History at 352-354. Upender further teaches 
that a polled (master/slave) protocol is "ideal for a centralized data-acquisition system where 
peer-to-peer communication and global prioritization are not required," such as Snell's 
centralized data-acquisition system comprising an access point transceiver supporting a group of 
transceivers which does not require communicating using peer-to-peer communication or global 
prioritization. See Snell at 1 :34-46. 

In addition, the Admitted Prior Art demonstrates that polled (master/slave) protocols 
were well-known (see '228 patent at 3:64-4:1), as also further confirmed by Upender (see 
Upender at 7 ("let's examine various commonly available media access protocols"), 7 (''polling 
[(master/slave)} is one of the more popular protocols"), and thus implementing a polled 
(master/slave) protocol in Snell's transceiver ( as implemented in light of Harris 4064.4 ), which 
serves as an access point to support communications with multiple other transceivers and is also 
operable according to a polled (master/slave) protocol, would involve nothing more than using 
common and known techniques to improve a similar system in the same way to yield predictable 
results. KSR, 550 U.S. at 416. One of ordinary skill would have thus recognized that this 
combination (yielding the claimed limitation) would have worked as expected. For these reasons, 
one of ordinary skill would have been motivated and found it obvious and straightforward to 
implement the admitted prior art of a master/slave communication system in implementing 
Snell's system (as implemented in light of Harris 4064.4 ). 

first message address information that is indicative of the one of the one or more slave 
transceivers being an intended destination of the second information; and 

Snell does not expressly disclose the first message comprises first message address 
information that is indicative of the one of the one or more slave transceivers being an 
intended destination of the second information. 

Yamana teaches that packets can be advantageously addressed for an intended 
destination. Y amano discloses transmitting a "first message" ( e.g., data packet including 
a preamble and main body) that includes "first message address information that is 
indicative" ( e.g., "destination address" in the preamble) of the transceiver that is the 
"intended destination of the second information." 

"Packet 700 includes a preamble 701 and a main body 702." Yamana at 19:63-64. 

"For example, preamble 701 can include information which identifies: (1) a version or 
type field for the preamble, (2) packet source and destination addresses, (3) the line 
code (i.e., the modem protocol being used), (4) the data rate, (5) error control parameters, 
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(6) packet length and (7) a timing value for the expected reception slot of a subsequent 
packet." Y amano at 20: 1-7. 

Yamana also discloses that the preamble precedes the main body ( containing data), as 
shown in Figure 8. Yamana teaches that the first message comprises first message 
address information that is indicative of the one of the one or more slave transceivers 
being an intended destination of the second information. See, e.g., Y amano at 19:63-64, 
20:1-7, 20:54-59, Fig. 8. 

~------<::;,✓~i~~~>~-----------········--·-··~= .... •·:=;::_ ~ ~;;:, ............... -........... ··•··········••-··-·---·~~·· 
'Y','5-"'!. .... ... 7~ 7"~1. \, --- -~12 ' -~~~ 703~ 

L -~f;_, . .,, .•'iN,'.S."e,.c,.,:~e'., __ i ~ .... B 

Yamana at Fig. 8 (annotated). 

Snell and Y amano are in the same field of art, with both relating to transmitting data 
packets over a network (see, e.g., Snell at 1:55-58, 2:61-63, 2:66-3:3, 5:18-21, 6:48-63, 
Fig. 3; Yamana at 1: 1-29, 19:54-20:33, Fig. 8), at varying rates (see, e.g., Snell at 2: 15-
17, 6:52-59; Yamana at 19:54-56). Yamana expressly teaches that including a destination 
address in the preamble portion of the data packet, which precedes the data portion, will 
advantageously reduce processing requirements of receiving devices because the 
receiving device can filter out packets which it does not need to demodulate. Yamana at 
20:54-59 ("When the preamble in a burst-mode packet includes the destination address of 
the packet, the receiver circuits can monitor the destination address of the packet, and in 
response, filter packets which do not need to be demodulated, thereby reducing the 
processing requirements of the receiver circuits."). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to use Yamana' s teaching of including a destination address in the preamble 
portion of a data packet in implementing Snell's data packet implemented in light of 
Harris 4064.4 and Harris AN9614 comprising preamble, header, and MPDU data 
portions to advantageously specify which receiver the data is intended for and to 
beneficially reduce the processing requirements at the receiving device, as taught by 
Yamana. "When the preamble in a burst-mode packet includes the destination address of 
the packet, the receiver circuits can monitor the destination address of the packet, and in 
response, filter packets which do not need to be demodulated, thereby reducing the 
processing requirements of the receiver circuits." Yamana at 20:54-59. 
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In addition, Snell teaches structuring its data packet to include a preamble, header, and 
MPDU data portion (see, e.g., Snell at 6:35-36, 6:64-66, 7:5-14, Fig. 3), and Yamana 
teaches structuring its data packet to also include a preamble and data portion, and to 
place the destination address in the preamble portion (Yamana at 19:63-20:7, Fig. 8). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to include a destination address in the preamble portion of a data packet, as 
taught by Yamana, in implementing Snell's system implemented in light of Harris 4064.4 
and Harris AN9614 for transmitting data packets between transceivers, as Snell teaches 
that its data packet already includes a preamble portion-and in combination, each 
element (Yamana' s teaching of placing a destination address in the preamble and Snell's 
teaching of a system for communicating data packets modulated according to different 
modulation methods between transceivers) performs the same function as it would 
separately, yielding nothing more than predictable results. KSR Int'l Co. v. Teleflex Inc., 
550 U.S. 398, 417 (2007). One of ordinary skill in art at the time the invention was made 
would have thus recognized that this combination (yielding the claimed limitation) would 
have worked as expected. For these reasons, a person of ordinary skill would have been 
motivated and found it obvious and straightforward to use the teachings of Yamana 
including a destination address in the preamble of a data packet in implementing Snell's 
communication system. 

Snell in view of Harris 4064.4 and Harris AN9614 in view of Yamana thus teach that the 
first message comprises first message address information that is indicative of the one of 
the one or more slave transceivers being an intended destination of the second 
information. See, e.g., Snell at 6:35-36, 6:64-66, 7:5-10, Fig. 3; Harris 4064.4 at 14; 
Yamana at 19:63-64, 20:1-7, 20:54-59, Fig. 8. 

said master transceiver configured to transmit a second message over the communication 
medium from the master transceiver to the one or more slave transceivers wherein the 
second message comprises: 

third information modulated according to the first modulation method, 
wherein the third information comprises information that is indicative of an impending 
change in modulation to a second modulation method, and 

fourth information, including a payload portion, transmitted after transmission of the third 
information, 
the fourth information being modulated according to the second modulation method, 
the second modulation method being of a different type than the first modulation method, 
wherein the fourth information comprises data intended for a single slave transceiver of 
the one or more slave transceivers, and 
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As noted above, Snell discloses that the transceiver transmits data packets to multiple 
different end user slave transceivers, as such multiple messages of format shown in figure 
3 are provided to the slave transceivers and where the communication may switch on-the
fly between a "first modulation method" ( e.g., BPSK) and a "second modulation method" 
( e.g., QPSK) that is "of a different type than the first modulation method." Snell thus 
teaches transmitting a "first message" and a "second message" as shown in 
annotated Figure 3 below. See, e.g., Snell at 1:34-46, 1:47-50, 1:55-57, 2:27-30, 2:61-
3:5, 4:42-47, 5:18-2, 6:35-36, 6:52-59, 6:64-
66, 7:1-2, 7:5-14, Fis. 2, 3, 5; Harris AN9614 at 3; Harris 4064.4 atl4-16, Fig. 10 

For example, Snell discloses a "transceiver" that serves as an access point for 
communicating "data intended for a [transceiver]" connected to a wireless local area 
network (WLAN). See claim 1 preamble. 

Snell also discloses that the transceiver transmits data packets to another transceiver, 
where the communication may switch on-the-fly between a "first modulation method" 
( e.g., BPSK) and a "second modulation method" ( e.g., QPSK) that is "of a different type 
than the first modulation method." Snell thus teaches transmitting a "first message" and a 
"second message" as shown in annotated Figure 3 below. 
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Snell Figure 3 Annotated (page 54 Request) 

Snell teaches communicating multiple data packets with the ability to "switch on-the-fly 
between different data rates and/or formats" as noted above, based on this disclosure, a 
person of ordinary skill in the art would have understood that Snell teaches that a series 
of packets may be sent that switch from using a first modulation method to using a 
second modulation method for the payload portion of the data packet. For example, the 
"first message" in Snell comprises "first information" ( e.g., PLCP preamble and PLCP 
header) that is "modulated according to a first modulation method" ( e.g., BPSK) where 
the "first information" ( e.g., "SIGNAL" field in PLCP header) indicates ( e.g., using 
"OAh") the modulation type ( e.g., BPSK) used for modulating "second information" 
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( e.g., MPDU data). In the "first message," the "SIGNAL" field in the PLCP header uses a 
code ( e.g., "OAh") that indicates that the "second information" ( e.g., MPDU data) is 
modulated "according to the first modulation method" ( e.g., BPSK at 1 Mbit/s). 

Snell's transceiver can transmit a "second message" comprising "third information" ( e.g., 
PLCP preamble and PLCP header) "modulated according to the first modulation method" 
( e.g., BPSK) where the "third information comprises information" ( e.g., "SIGNAL" field 
in PLCP header) "that is indicative of an impending change in modulation" ( e.g., using "l 
4h") "to a second modulation method" ( e.g., QPSK) used for modulating "fourth 
information." For example, in the "second message," the "SIGNAL" field in the PLCP 
header uses a code ( e.g., "14h") that indicates that the "fourth information" ( e.g., MPDU 
data) is modulated "according to the second modulation method" ( e.g., QPSK at 2 
Mbit/s), wherein the "second modulation method" is of a "different type than the first 
modulation method." This "SIGNAL" is "indicative of an impending change" from the 
"first modulation method" to the "second modulation method" because it is indicating a 
change from, for example, QPSK modulation to BPSK modulation. In addition, 
transmitting the data using the "second modulation method"- QPSK-results in a data rate 
of 2 Mbit/s which is higher than transmitting the data using the "first modulation method 
" BPSK at 1 Mbit/s. 

"The modulator may also preferably include header modulator means for modulating 
data packets." Snell at 2:61-63. 

"The PRISM 1 chip set provides all the functions necessary for full or half duplex, direct 
sequence spread spectrum, packet communications at the 2.4 to 2.5 GHz ISM radio 
band." Snell at 1:55-57. 

"It is another object of the invention to provide a spread spectrum transceiver and 
associated method to permit operation at higher data rates and which may switch on-the
fly between different data rates and/or formats." Snell at 2:27-30. 

"The variable data may be modulated and demodulated in different formats than the 
header portion to thereby increase the data rate, and while a switchover as indicated by 
the switchover point in FIG. 3, occurs on-the-fly." Snell at 7: 10-14. 

"The header may always be BPSK." Snell at 6:35-36. 

"Now relating to the PLCP header 91, the SIGNAL is: 
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OAh 1 J'v1bit/s BPSK, 
14h 2 Mbfr/S OPSK~ 
37h 5.5 Mhit/s. :BPS]{, and 
6Eh n )..fo~t/s QPSK. 

,_, 

SIGNAL is indicated by 2 control bits and then formatted as described." Snell at 7:1-2. 

"MPDU is serially provided by Interface 80 and is the variable data scrambled for 
normal operation. The reference phase for the first symbol of the MPDU is the output 
phase of the last symbol of the header for Diff Encoding. The last symbol of the header 
into the scrambler 51 must be followed by the first bit of the MPDU. The variable data 
may be modulated and demodulated in different formats than the header portion to 
thereby increase the data rate, and while a switchover as indicated by the switchover 
point in FIG. 3, occurs on-the-fly." Snell at 7:5-14. 

Snell describes that the "first modulation method" may be BPSK and the "second 
modulation method" may be QPSK, which is of a different "type" than the first 
modulation method, and alternatively describes that the "first modulation method" may 
be differential BPSK ("DBPSK") and that the "second modulation method" may be 
differential QPSK ("DQPSK"), which is also of a different "type" than the first 
modulation method. 

Thus, Snell alternatively describes modulating the "first information" ( e.g., PLCP 
preamble and PLCP header) according to a "first modulation method" ( e.g., DBPSK) and 
"second information" ( e.g., MPDU data) according to either a "first modulation method" 
( e.g., DBPSK) or "second modulation method" ( e.g., QBPSK). 

"The PLCP preamble and PLCP header are always at 1 Mbit/s, Diff encoded, scrambled 
and spread with an 11 chip barker." Snell at 6:64-66. 

"The modulator may also preferably include header modulator means for modulating data 
packets to include a header at a predetermined modulation and a third data rate defining 
a third format .... The third format is preferably differential BPSK." Snell at 2:61-3:5. 

"The reference phase for the first symbol of the MPDU is the output phase of the last 
symbol of the header/or Diff Encoding." Snell at 7:6-8. See also, e.g., Snell at Figs. 2, 3, 
5. 

Snell incorporates by reference Harris 4064.4, 17 which discloses: "The preamble and 
header are always transmitted as DBPSK waveforms while the data packets can be 
configured to be either DBPSK or DQPSK." Harris 4064.4 at 14. 
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"The preamble is always transmitted as a DBPSK waveform with a programmable length 
of up to 256 symbols long." Harris 4064.4 at 15. 

"Signal Field (8 Bits) - This field indicates whether the data packet that follows the 
header is modulated as DBPSK or DQPSK. In mode 3 the HSP3824 receiver looks at the 
signal field to determine whether it needs to switch from DBPSK demodulation into 
DQPSK demodulation at the end of the always DBPSK preamble and header fields." 
Harris 4064.4 at 15. 

"Mode 3 - In this mode the preamble is programmable up to 256 bits (all l's). The header 
in this mode is using all available fields. In mode 3 the signal field defines the modulation 
type of the data packet (DBPSK or DQPSK) so the receiver does not need to be 
preprogrammed to anticipate one or the other. In this mode the device checks the Signal 
field for the data packet modulation and it switches to DQPSK if it is defined as such in 
the signal field. Note that the preamble and header are always DBPSK the modulation 
definition applies only for the data packet." Harris 4064.4 at 16. 

See also, e.g., Harris 4064.4 at 14 ("The HSP3824 transmitter is designed as a Direct 
Sequence Spread Spectrum DBPSKIDQPSK modulator."), Harris 4064.4 at 14 ("The 
modulator is capable of switching rate automatically in the case where the preamble and 
header information are DBPSK modulated, and the data is DQPSK modulated."), Harris 
4064.4 at FIGURE 10. 

Kamerman discloses transmitting a first message including second information 
modulated at a first modulation method and transmitting a second message including 
fourth information modulated at a second modulation method. See, e.g., Kamerman at 6, 
11, 12. 

For example, Kamerman discloses an automatic rate selection scheme for falling forward 
from a "first modulation method" ( e.g., BPSK) corresponding to a lower data rate ( e.g., 1 
Mbit/s) to a "second modulation method" (e.g., QPSK) corresponding to a higher data 
rate ( e.g., 2 Mbit/s) after a number of successive correctly acknowledge packet 
transmissions, for instance, where there is a low load in neighbor cells and a reliable 
connection. 

"Then there is looked to automatic rate control to keep the co-channel interference at a 
tolerable level." Kamerman at 6. 

"IEEE 802.11 DS specifies bit rates of 1 and 2 Mbps. The allowable SNR and CSIR 
values for reliable transmission of data packets are dependent on the bit rate." Kamerman 
at 11. 
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"IEEE 802.11 DS specifies BPSK and QPSK, in addition there could be applied 
proprietary modes with M-PSK and QAM schemes that provide higher bit rates by 
encoding more bits per symbol. ... An automatic rate selection scheme based on the 
reliability of the individual uplink and downlink could be applied. The basic rate 
adaptation scheme could be: after unacknowledged packet transmissions the rate falls 
back, and after a number ( e.g. JO) of successive correctly acknowledged packet 
transmissions the bit rate goes up. " Kamerman at 11. 

"At lower load in the neighbor cells the highest bit rate can be used more often. At higher 
load the transmissions from the access point to stations at the outer part of the cells, will 
be done often at fall back rates due to mutilation of transmissions by interference. In 
practice the network load for LANs at nowadays client-server applications is very bursty, 
with sometimes transmission bursts over an individual links and low activity during the 
major part of the time. Therefore the higher bit rate can be used during the most of the 
time, and at high load in the neighbor cells ( as will evoked by test applications) there will 
be switched to fall back rates in the outer part of the cell." Kamerman at 11. 

"The application of proprietary bit rates of 3 and 4 Mbps in addition to the basic 1 and 2 
Mbps, can be combined with an automatic rate selection. This automatic rate selection 
gives fall forward at reliable connections and fall back at strong co-channel interference." 
Kamerman at 12 

It was well-known in the art, as demonstrated by Kamerman, to transmit a first data 
packet where the data is modulated using a first modulation method, such as BPSK 
( corresponding to a lower data transfer rate), and to next transmit a second data packet 
where the data is modulated using a second modulation method, such as QPSK 
(corresponding to a higher data transfer rate). 

One of ordinary skill in the art at the time the invention was made would have been 
motivated and found it obvious and straight forward to use Kamerman's teaching of 
transmitting a first data packet where the data is modulated using a first modulation 
method and next transmitting a second data packet where the data is modulated using a 
second modulation method in implementing Snell's system for communicating data 
packets modulated according to different modulation methods (further modified by the 
teaching of Y amano, as discussed above) to advantageous! y maximize the data transfer 
rate and adapt to changing channel conditions (as also taught by Kamerman). In 
particular, Kamerman expressly teaches that it is beneficial to transmit the data of a first 
data packet using a first modulation method corresponding to a lower data transfer rate 
( e.g., BPSK modulation at 1 mbps) during higher load conditions when a more robust 
signal is needed due to "mutilation of transmissions by interference," and to next transmit 
the data of a second data packet using a second modulation method corresponding to a 
higher data transfer rate ( e.g., QPSK modulation at 2 mbps) (i.e., falling forward) to 
maximize the data transfer rate during lower load conditions when the connection is more 
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reliable. See Kamerman at 6 ("Then there is looked to automatic rate control to keep the 
co-channel interference at a tolerable level."), 11 ("The basic rate adaptation scheme 
could be: after unacknowledged packet transmissions the rate falls back, and after a 
number ( e.g. 10) of successive correctly acknowledged packet transmissions the bit rate 
goes up."), 11 ("At lower load in the neighbor cells the highest bit rate can be used more 
often. At higher load the transmissions from the access point to stations at the outer part 
of the cells, will be done at fallback rates due to mutilation of transmissions by 
interference. In practice the network load for LANs at nowadays client-server 
applications is very bursty, with sometimes transmission bursts over an individual links 
and low activity during the major part of the time. Therefore the higher bit rate can be 
used during the most of the time, and at high load in the neighbor cells ... there will be 
switched to fall back rates in the outer part of the cell."), 12 ("This automatic rate 
selection gives fall forward at reliable connections and fall back at strong co-channel 
interference. Therefore it gives adaptation of the bit rate to the interference as it occurs in 
time depending on positions as load."). 

Moreover, Snell and Kamerman are in the same field of art, with both relating to 
communications between transceivers that use BPSK and QPSK modulation methods to 
transfer data at different rates according to the draft IEEE 802.11 standard available at 
that time. See, e.g., Snell at 1:47-63 ("The assignee of the present invention has 
developed and manufactured a set of integrated circuits for a WLAN under the mark 
PRISM 1 which is compatible with the proposed IEEE 802.11 standard .... "), 5:31-33 
("The present invention provides an extension of the PRISM 1 product from 1 Mbitls 
BPSK and 2 Mbitls QPSK ... "); Kamerman at 6 ("This paper considers the critical 
parameters for wireless LANs that operate conform to the IEEE 802.11 DSSS ( direct 
sequence spread spectrum) standard ... "), 11 ("IEEE 802.11 DS specifies bit rates of 1 
and 2 Mbps.", 11 ("IEEE 802.11 DS specifies BPSK and QPSK ... "). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to use Kamerman' s teaching of transmitting a first data packet where the data 
is modulated using a first modulation method and next transmitting a second data packet 
where the data is modulated using a second modulation method in implementing Snell's 
system (modified in light of Yamana) for communicating data packets modulated 
according to different modulation methods, as both Snell and Kamerman are directed to 
IEEE 802.11 systems utilizing BPSK and QPSK modulation corresponding, respectively, 
to a lower and higher data transfer rates-and in combination, each element (Kamerman's 
teaching of transmitting a first data packet where the data is modulated using a first 
modulation method and next transmitting a second data packet where the data is 
modulated using a second modulation method and Snell's system for communicating data 
packets modulated according to different modulation methods) performs the same 
function as it would separately, yielding nothing more than predictable results. KSR, 550 
U.S. at 417. One of ordinary skill in the art would have thus recognized that this 
combination (yielding the claimed limitation) would have worked as expected and would 
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have been motivated and found it obvious and straightforward to use Kamerman' s 
teaching of transmitting a first data packet where the data is modulated using a first 
modulation method and next transmitting a second data packet where the data is 
modulated using a second modulation method in implementing Snell's system (modified 
in light of Y amano) for communicating data packets modulated according to different 
modulation methods. 

second message address information that is indicative of the single slave transceiver being 
an intended destination of the fourth information; and 

Snell in view of Yamana discloses that the second message comprises second message 
address information that is indicative of the single slave transceiver being an intended 
destination of the fourth information. See, e.g., Snell at 1:55-57, 2:61-63, 6:35-36, 6:64-
66, 7:5-14, Fig. 3; Harris 4064.4 at 14; Yamana at 19:63-64, 20:1-7, 20:54-59, Fig. 8. 

For example, Snell discloses transmitting a "second message" including a PLCP 
preamble and PLCP header, and MPDU data, as shown in Figure 3 below. 
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Snell at Fig. 3 (annotated;. 

''The modulator may also preferably include header modulator means for 
1nodulat1ng data packets" Snell at 2:61-63. 
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"The PRISM 1 chip set provides all the functions necessary for full or half duplex, direct 
sequence spread spectnnn, packet communications at the 2.4 to 2.5 GHz ISM radio 
band." Snell at I :55-57. 

''The header may always be BPSK." Snell at 6:35-36. 

''The PLCP preamble and PLCP header are always at 1 Mbit/s, Diff encoded, scrambled 
and spread with an 11 chip barker." Snell at 6:64-66. 

·'JviPDU is serially provided by Interface 80 and is the variable data scrambled for 
normal operation. The reference phase for the first symbol of the MPDU is the output 
phase of the last symbol of the header for Diff Encoding. The last symbol of the header 
into the scrambler 51 must be followed by the first bit of the MPDU. The variable 
data may be modulated and demodulated in different formats than the header portion to 
thereby increase the data rate, and while a switchover as indicated by the switchover 
point in FIG. 3, occurs on-the-fly." Snell at 7:5-14. 

Snell incorporates by reference Harris 4064.4, 19 \vhich discloses: 

"The preamble and header are always transmitted as DBPSK waveforms while the data 
packets can be configured to be either DBPSK or DQPSK." Harris 4064.4 at 14. 

Yamana discloses that the second message comprises second message address 
information that is indicative of the single slave transceiver being an intended destination 
of the fourth information. See, e.g., Yamana at 19:63-64, 20:1-7, 20:54-59, Fig. 8. 

For example, Yamana discloses that a packet includes a preamble and main body, and 
that the preamble can include a destination address. 

"Packet 700 includes a preamble 701 and a main body 702." Yamana at 19:63-64. 

"For example, preamble 701 can include information which identifies: (1) a version or 
type field for the preamble, (2) packet source and destination addresses, (3) the line code 
(i.e., the modem protocol being used), (4) the data rate, (5) error control parameters, (6) 
packet length and (7) a timing value for the expected reception slot of a subsequent 
packet." Yamana at 20:1-7 (emphasis added). 
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Yamana at Figure 8 (annotated). 

"When the preamble in a burst-mode packet includes the destination address of the 
packet, the receiver circuits can monitor the destination address of the packet, and in 
response, filter packets which do not need to be demodulated, thereby reducing the 
processing requirements of the receiver circuits." Yamana at 20:54-59. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to use Yamana' s teaching of including a destination address in the preamble 
portion of a data packet in implementing Snell's data packet comprising preamble, 
header, and MPDU data portions to advantageously specify which receiver the data is 
intended for and to beneficially reduce the processing requirements at the receiving 
device, as taught by Yamana. "When the preamble in a burst-mode packet includes the 
destination address of the packet, the receiver circuits can monitor the destination address 
of the packet, and in response, filter packets which do not need to be demodulated, 
thereby reducing the processing requirements of the receiver circuits." Yamana at 20:54-
59. 

In addition, Snell teaches structuring its data packet to include a preamble, header, and 
MPDU data portion (see, e.g., Snell at 6:35-36, 6:64-66, 7:5-14, Fig. 3), and Yamana 
teaches structuring its data packet to also include a preamble and data portion, and to 
place the destination address in the preamble portion (Yamana at 19:63-20:7, Fig. 8). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to include a destination address in the preamble portion of a data packet, as 
taught by Yamana, in implementing Snell's system for transmitting data packets between 
transceivers, as Snell teaches that its data packet already includes a preamble portion-and 
in combination, each element (Y amano' s teaching of placing a destination address in the 
preamble and Snell's teaching of a system for communicating data packets modulated 
according to different modulation methods between transceivers) performs the same 
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function as it would separately, yielding nothing more than predictable results. KSR Int'l 
Co. v. Teleflex Inc., 550 U.S. 398, 417 (2007). One of ordinary skill in art at the time the 
invention was made would have thus recognized that this combination (yielding the 
claimed limitation) would have worked as expected. For these reasons, a person of 
ordinary skill would have been motivated and found it obvious and straightforward to use 
the teachings of Yamana including a destination address in the preamble of a data packet 
in implementing Snell's communication system. 

wherein the second modulation method results in a higher data rate than the first 
modulation method. 

Snell discloses that the second modulation method results in a higher data rate than the 
first modulation method. See, e g., Snell at 5:31-33, 6:52-59, 6:64-66, 7:1-2, 7:5-14, Fig. 
3; Harris 4064.4 at 16 (Table 7). 

For example, Snell discloses that the second modulation method ( e.g., QPSK, or 
alternatively, DQPSK) results in a higher data rate ( e.g., 2 Mbit/s) than the first 
modulation method ( e.g., BPSK, or alternatively, DBPSK) which results in a data rate of 
1 Mbit/s. 
"The present invention provides an extension of the PRISM 1 product from 1 Mbitls 
BPSK and 2 Mbitls QPSKto 5.5 Mbit/s BPSK and 11 Mbit/s QPSK." Snell at 5:31-33 

"The PLCP preamble and PLCP header are always at 1 Mbit/s, Diff encoded, scrambled 
and spread with an 11 chip barker." Snell at 6:64-66. 

"Now relating to the PLCP header 91, the SIGNAL is: 

OP\h 
14h 
37h 
6Eh 

Snell at 6:52-59 

J. l'>,fbi.t/s BPSK, 
_:_:: Mbir/S QPSK, 
55 Mbit/;, HPS.K, <tt«:l 
11 l\-1-bitf.s OPSK 

"SIGNAL is indicated by 2 control bits and then formatted as described." Snell at 7:1-2. 

"MPDU is serially provided by Interface 80 and is the variable data scrambled for normal 
operation. The reference phase for the first symbol of the MPDU is the output phase of 
the last symbol of the header for Diff Encoding. The last symbol of the header into the 
scrambler 51 must be followed by the first bit of the MPDU. The variable data may be 
modulated and demodulated in different formats than the header portion to thereby 
increase the data rate, and while a switchover as indicated by the switchover point in FIG. 
3, occurs on-the-fly." Snell at 7:5-14. See also, e.g., Snell at Fig. 3; Harris 4064.421 at 16 
(Table 7). 

IPR2020-00036 Page 02898

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2898



Application/Control Number: 90/013,809 
Art Unit: 3992 

Page 56 

21. The master communication device as in claim 1, wherein the first information that is 
included in the first message comprises the first message address data. 

Snell modified in view of Harris 4064.4, in view of Applicants admitted prior art (APA) , 
in view of Upender, in view of Yamana and further in view of Kamerman as recited 
above disclose that the first information that is included in the first message comprises 
the first message address as indicated in the rejection of claim 1 above with reference to 
the first message address of the destination, therefore the first message address data is 
included in the actual message when transmitted by the master to the slave transceiver. 

Yamano expressly teaches that including a destination address in the prea1nble 
portion of the data packet, which precedes the data portion, \Vil! advantageously 
reduce processing requirements of receiving devices because lhe receiving device 
can filter out packets 'Which it does not need to demodulate. Yamano at 20:54-59 
("\Vhen ihe preamble in a burst-mode packet includes the destination address of 
the vac-k;et. the receiver circuits can monitor the destination address of the packet 
and in response" filter packets which do not need to be demodulated, thereby 
reducing the processing requirements of the recejver circuits."). 

VII. RESPONSE TO ARGUMENTS 

Patent Owner Argues: 

I. The Office has not identified a substantial new question of patentability ("SNQ") 
because the art identified in its alleged SNQs (and relied on to support its grounds of 
rejection) is cumulative to art previously presented in a number of the IPRs challenging the 
'228 Patent and fully considered by the PTAB and during prosecution of the '228 Patent. 
See infra at§ II.A.; Aki, at Paragraphs 41-70, asserting that Snell (including Harris 
AN9614), Yamano and Kamerman, are cumulative to Boer, APA, and Siwiak. 

The arguments have been considered but are not persuasive. 

In summary, it is only necessary that the prior art or publication raise an SNQ for at least 
one claim. See MPEP 2242. As noted in the October 2016 Decision on Request (Order), 
the references were newly cited and/or viewed in a new light and raised an SNQ for at 
least claim 21. Accordingly reexamination was ordered. For support the Examiner notes 
the following: 

The SNQ was determined with respect to claim 21 which by dependency includes all 
limitations of claim 1 from which claim 21 depends, taking into consideration the written 
decision and explanation from the board in not instituting a review of claim 21. Y amano 
was considered to show the placing of a message address data (information) in a header 
of a message, such was related to the comment made in IPR 2014 00892 (IPR892) with 
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respect to the petitioners proposal failing to convince the board that the rejection would 
prevail on claim 21. 

The ex parte reexamination statute sets forth the universe of references that can be used 
to raise a SNQ [35 U.S.C. § 303(a) (patents and printed publications)]. In addition to a 
newly-discovered reference, a previously applied reference can raise a SNQ if the 
previously applied reference is presented in a "new light". Section 303(a) makes this 
explicit - "[t]he existence of a substantial new question of patentability is not precluded 
by the fact that a patent or printed publication was previously cited by or to the PTO or 
considered by the PTO." 

Considering Yamana alone or in combination with previously cited references was 
proper as during original prosecution the reference was not reviewed with "any 
reasonably detailed analysis," nor was it applied as a principal prior art reference, nor was 
the issue forming the basis of rejection during reexamination the same as that examined 
during original prosecution. Thus the reference was not "old" art and raised a valid 
SNQ. 

It is not enough for a reference to be "new," the reference must also be non-cumulative to 
the technological teachings previously considered by the PTO during prosecution. 
Therefore, even a newly discovered reference may not raise a SNQ if the reference 
merely is cumulative to similar prior art already fully considered by the PTO in a 
previous examination (and previous reexaminations) [MPEP § 2242]. This is an 
important point when determining whether to file a reexamination request or what 
references to use. In the instant proceeding, the Yamana reference was not deemed 
cumulative to any art considered and thus the combinations with previously cited art was 
considered as being in a new light. Siwiak was not deemed cumulative as the reference 
was not considered on the merits during a review by the board (555 IPR, paper 20, page 
6), nor during prosecution of the application which became the '228 patent. The 
prosecution history shows no discussion of Siwiak ofrecord in the 13/198,568 
application, the reference was merely cited without discussion on the merits of such 
document with respect to a particular claim. 

In re Swanson provides some guidance on what constitutes a "new light" for old art. For 
example, an SNQ based on previously applied art could arise because the examiner in the 
original examination misunderstood the actual technical teaching, because the examiner 
failed to consider a portion of the reference that contained the now cited teaching, or if 
the examiner applied the reference to a different limitation or claim than the reference is 
currently being applied. But a reference does not raise an SNQ if the examiner in the 
original examination understood the actual technical teaching, but got it "wrong" in the 
rejection. This is a subtle but critical distinction. 

In IPR 2014-00892 (IPR 892) the board with respect to claim 21, indicated petitioner had 
not convinced the board such a rejection would prevail, the proposed rejection had not 
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addressed reasoning why one of ordinary skill would place "message address data" (see 
C.2/L.36 of the '228 patent via amendment filed October 19, 2012 amending paragraph 8 
of the specification, adding claim 42 (patent claim 21)) in the message header of the 
primary reference as proposed by petitioner. The decision noted "the Petition's 
"conclusory allegation of design choice does not provide the required articulated 
reasoning with some rational underpinning to support the legal conclusion of 
obviousness." (IPR2014-00892, Pap. 8 at 14-15 (IPR 892 Decision)). The IPR892 
decision by the board considered the petitioners proposed rejection did not show the 
placement of address data in the message header as so addressed by petitioner with 
respect to claim 21 (page 14, IPR 892 Decision). Boer in view of APA was however 
determined to adequately teach including "message address information" (claim 1, 
amendment filed February 5, 2013) in the first message of Boer via Boer 6:28-31 ("The 
C-MST 132 determines if an incoming message is addressed to its own station, using a 
destination address included in the DATA field 214 of the MESSAGE 200 (FIGURE 4 of 
Boer). 

The Order granting the Request for reexamination considered Y amano new in light of 
Yamana teaching placing the 'header with address' which was as noted in the decision 
above, and therefore also not cumulative to the cited art nor the Siwiak reference (IPR 
2014 -00555). Combinations with Yamana were considered new for teaching placing an 
address in the header. 

II. The Office has not identified any SNQ to support its§ 102(e) rejection or its rejection 
"A" under§ 103(a), and thus these rejections are ultra vires and must be withdrawn for 
this reason alone, as only new questions are subject to reexamination. See infra at § 11.B. 

The argument has been considered but is not persuasive. The patent owner argument is 
not relevant to a 102 rejection. The presence or absence of an SNQ is a criteria applied 
only to determine whether or not a reasonable examiner would consider the references 
pertinent and thus order reexamination. See MPEP 2242. The statutes applied by the 
Examiner in the first office action are chosen to most clearly and completely address the 
patentability of the claims. MPEP 2262. In the instant situation the Patent Owner appears 
to be arguing that the Examiner does not have the authority to apply rejections not recited 
in the request, the argument is not relevant: regardless that an SNQ was not identified 
directly with respect to rejections under 102(e) (section V. Office action) and the 103 
rejection based on Boer/ AP A/Yamana (section VI. A of Office action) ... it is not 
improper to provide a rejection which is not proposed in a request in considering MPEP 
2258.01. 

2258.01 Use of Previously Cited/Considered Art in Rejections 
In the examining stage of a reexamination proceeding, the examiner will 
consider whether the claims are subject to rejection based on art. Before 
making such a rejection, the examiner should check the patent's file history to 
ascertain whether the art that will provide the basis for the rejection was 
previously cited/considered in an earlier concluded Office examination of the 
patent (e.g., in the examination of the application for the patent). For the sake of 
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expediency, such art is referred to as "old art" throughout, since the term "old art" 
was coined by the Federal Circuit in its decision of In re Riniker, 150 F.3d 1362, 
1365-66, 47 USPQ2d 1523, 1526 (Fed. Cir. 1998). 
If the rejection to be made by the examiner will be based on a combination of 
"old art" and art newly cited during the reexamination proceeding, the 
rejection is proper, and should be made. See In re Riniker, 150 F.3d at 1367, 
47 USPQ2d at 1527. 

III. The multiple alleged reasonable claim constructions compel a finding of indefiniteness 
and termination of the reexamination proceeding. See infra at§ III. (Page 46 Remarks) 

No indefinite-ness rejection is of record in the office action, the office action merely 
provides explanation of reasonable interpretations for each rejection. The Office is 
required by statute, case law, and the MPEP to utilize the "broadest reasonable 
interpretation consistent with the specification" standard during reexamination 
proceedings. 

37 CFR 1.555(b) states: 

A prima facie case of unpatentability of a claim pending in a reexamination proceeding is 
established when the information compels a conclusion that a claim is unpatentable under 
the preponderance of evidence, burden-of-proof standard, giving each term in the claim 
its broadest reasonable construction consistent with the specification, and before any 
consideration is given to evidence which may be submitted in an attempt to establish a 
contrary conclusion of patentability. 

Note also MPEP 2111 states: 

During patent examination, the pending claims must be "given their broadest reasonable 
interpretation consistent with the specification." The Federal Circuit's en bane decision in 
Phillips v. AWR Corp., 415 F.3d 1303, 1316, 75 USPQ2d 1321, 1329 (Fed. Cir. 2005) 
expressly recognized that the USPTO employs the "broadest reasonable interpretation" 
standard: 
The Patent and Trademark Office ("PTO") determines the scope of claims in patent 
applications not solely on the basis of the claim language, but upon giving claims their 
broadest reasonable construction "in light of the specification as it would be interpreted 
by one of ordinary skill in the art." In re Am. Acad. of Sci. Tech. Ctr., 367 F.3d 1359, 
1364[, 70 USPQ2d 1827, 1830] (Fed. Cir. 2004 ). Indeed, the rules of the PTO require 
that application claims must "conform to the invention as set forth in the remainder of the 
specification and the terms and phrases used in the claims must find clear support or 
antecedent basis in the description so that the meaning of the terms in the claims may be 
ascertainable by reference to the description." 37 CFR 1.75(d)(l). 
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See also In re Suitco Surface, Inc., 603 F.3d 1255, 1259, 94 USPQ2d 1640, 1643 (Fed. 
Cir. 2010); In re Hyatt, 211 F.3d 1367, 1372, 54 USPQ2d 1664, 1667 (Fed. Cir. 2000). 

Because applicant has the opportunily to amend lhe claims during prosecution, giving a 
claim its broadest reasonable interpretation \Vill reduce the possibility that the claim, once 
issued, vvill be interpreted more broadly than is justified. In re '{wnamoto, 740 F.2d 1569, 
1-~ 1 'L' d C'' 1984· ·, i z·· . · o,:q F'' )d ,, 1 ') r 1 1 '' us·• 1)('•2d ]'i2{) 1 ~•v·, 'f' l c·,· ) 1 (l·e . ir. J: n re letz, o_.1_ . ...:. _') ':c, _ L , . J ,.. < _ . , ..,LL l ec. ,ff. 

1989) ("During patent examination ihe pending claims rnust be interpreted as broadly as 
their terms reasonably allow."); In re Prater. 4.15 F.2d 1393, 1404--05, 162 USPQ 54.L 
550-51 (CCPA 1969) 

See further response to the remarks directed toward claim construction in section IV. 
below. 

IV. (Page 50 Remarks) The Office has not based its rejections on the broadest reasonable 
claim construction and thus has not identified where in the cited art a number of the claim 
limitations, when properly construed, are disclosed or suggested. See infra at§ IV; Aki, at 
Paragraphs 18-27. 

The Examiners disagree. In summary, as noted in the May 2017 Non Final Action, for 
each of the examined claims the claim language is written in bold and the Examiner's 
interpretations are written directly after the language with citations to the sections of the 
prior art and the interpretation of the language onto the prior art. For example in the May 
2017 Non Final Action, p. 14, the Examiner sates the BRI of "data intended for one of the 
one or more slave transceivers" can reasonably be interpreted as "PLCP headers." 

The 102(e) single means claim rejection which ignores all claim limitations which were 
suggested as intended use, has been withdrawn upon further consideration. 

Ex parte Schulhauser, Appeal 2013-007847 (PTAB April 28, 2016), precedential 
provides that if a condition precedent in a method claim is not met, the conditional steps 
recited in the claim are not required to be performed. As such, the broadest reasonable 
interpretation of such a method claim does not include the conditional 
steps. Therefore, the conditional steps in a method need not be found in the prior art in 
order to deny patentability of a method claim. In contrast, if the same steps are part of a 
system claim having a programmed processor performing the steps, the system claim is 
interpreted more narrowly to include all of the steps. The Board reasoned that since there 
is a structure (i.e., a processor) tied to the steps in a system claim, the structure is present 
in the system regardless of whether the condition is met and the conditional function is 
actually performed. 

The broadest reasonable interpretation of a system claim having structure that performs a 
function, which only needs to occur if a condition precedent is met, still requires structure 
for performing the function should the condition occur. This interpretation of the system 
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claim differs from the method claim because the structure (i.e., a processor programmed 
to perform an algorithm for carrying out the recited function should the recited condition 
be met) is present in the system regardless of whether the condition is met and the 
function is actually performed. See also 2111.04 Contingent Limitations 

The term "configured to" is used to describe programming or structure required to 
perform a specified function, it cannot be ignored by the Examiner when applying the 
prior art. The subject matter of claim 21 (including the limitations of claim I) is an 
apparatus claim and does recite the transmitting and modulating in positive tense, not in a 
conditional or optional manner. In this apparatus claim, the transceiver is not recited as 
optionally transmitting if a condition is met but rather states the transceiver is configured 
to transmit (positively does transmit) and the first information is modulated (positively is 
modulated), the wherein clause is also not just merely stating an inherent result but gives 
purpose to the limitations in the claim, the second modulation method is used in the 
transmitted modulated second message. 

With respect to patent owners remarks directed toward the prosecution history and 
federal circuit claim construction, during examination the prosecution history is 
entitled to little weight under the broadest reasonable interpretation standard. See Tempo 
Lighting, Inc. v. Tivoli, LLC, 742 F.3d 973, 978 (Fed. Cir. 2014) ("This court also 
observes that the PTO is under no obligation to accept a claim construction proffered as a 
prosecution history disclaimer, which generally only binds the patent owner."). 

The Patent Owner asserts that the Office's refusal to recognize and utilize the claim 
construction as affirmed by the Federal Circuit is contrary to law. As noted above, the 
Examiner is required by law to perform the instant Reexamination according to the 
"broadest reasonable interpretation consistent with the specification." Furthermore, the 
patent owner's general statement that the Federal Circuit "affirmed" the claim 
constructions is repeated many times throughout the Amendment and throughout the Akl 
Declaration. However, Markman v Westview Instruments, stated "[w]hen a court 
construes the claims of the patent, it 'is as if the construction fixed by the court had been 
incorporated in the specification."' The Federal Circuit dismissed such an argument 
stating: 

Markman involved an infringement suit in the district court. This is a distinction 
with a difference. Patents in infringement suits are presumed valid by statute. 35 
USC 282 (1994). No such presumption attaches before the PTO. It is the PTO's 
duty to assure that the statutory requirements for patentability are met. .. .It would 
be inconsistent with the role assigned to the PTO in issuing a patent to require it 
to interpret claims in the same manner as judges who, post issuance, operate 
under the assumption that the patent is valid. 

See also In re Morris, 127 F.3d 1048,1054-55, 44 USPQ2d 1023,1027-28 (Fed. Cir. 
1997) (The court held that the PTO is not required, in the course of prosecution, to 
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interpret claims in applications in the same manner as a court would interpret claims in an 
infringement suit. Rather, the PTO applies to verbiage of the proposed claims the 
broadest reasonable meaning of the words in their ordinary usage as they would be 
understood by one of ordinary skill in the art, taking into account whatever 
enlightenment by way of definitions or otherwise that may be afforded by the 
written description contained in applicant's specification."). 

With respect to the modulation methods; Claims 43-46 of the '288 disclosure recite that 
different modulation methods correspond to for example phase modulation, amplitude 
modulation, quadrature amplitude modulation, discrete multi-tone modulation. 
Claims 43-46 also indicate "at least one of' the first or second methods is the named 
modulation type in the respective claim 43-46. Considering 'at least one' includes not 
only 'one' but also 'both of the first and second modulation methods', it is clear from this 
portion of the prosecution history and disclosure including the claims that patent owner 
intended one or both of the first and second modulation methods to reasonably be 
considered as a variant of phase modulation, or quadrature modulation, or quadrature 
amplitude modulation, or discrete multi-tone modulation. As such, two different variants 
of for example phase modulation such as the QPSK and BPSK taught by the art relied on 
in the rejections is a reasonable interpretation of different type of modulation methods 
and is consistent with the disclosure of the '288 patent. 

Also, in considering the specification description of the instant '228 patent under 
reexamination, the description provides modulation methods as including for example, 
QAM and CAP, which are based on 'amplitude modulation', (C2/Ll-10) thus the 
description suggests it would be reasonable to consider 'variations' of amplitude 
modulations as being of different modulation methods. The claim does not recite the 
particular modulation method nor are variants of modulation 'families' excluded by the 
language of the claim or specification description. 

Such a "broadest reasonable interpretation consistent with the specification" is further 
required in Reexamination proceedings as well. Note 2258(G) states: 

Original patent claims will be examined only on the basis of prior art patents or printed 
publications applied under the appropriate parts of 35 U.S.C. 102 and 103. See MPEP § 
2217 .... During reexamination ... claims are given the broadest reasonable interpretation 
consistent with the specification and limitations in the specification are not read into the 
claims (In re Yamamoto, 740 F.2d 1569, 222 USPQ 934 (Fed. Cir. 1984)). 

Thus, the "'broadest reasonable construction' rule applies to reexaminations as well as 
initial examinations", where "construing claims broadly during prosecution is not 
unfair to the applicant.. .because the applicant has the opportunity to amend the claims 
to obtain more precise claim coverage." In re American Academy of Science Tech 
Center, 70 USPQ2d 1827, 1830, 367 F3d 1359, 1364 (Fed. Cir. 2004).25 "[l]t is 
important that or the district court and the PTO can consider different evidence .... 
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reasonable .... [a]nd, if the district court determines a patent is not invalid, the PTO should 
continue its reexamination because, of course, the two forums have different standards of 
proof for determining invalidity. Ethicon Inc. v. Quigg, 849 F.2d 1422, 1428-9, 7 
USPQ2d 1152, 1157 (Fed. Cir. 1988). 

"Finally, American Academy points to an inconsistency between the Board's 
construction of the term "user computer" and that of the district court in American 
Academy's litigation against Novell. In the district court litigation, the court construed 
"user computer" to refer to a computer that serves one user at a time. However, the Board 
is required to use a different standard for construing claims than that used by district 
courts. We have held that it is error for the Board to "appl[y] the mode of claim 
interpretation that is used by courts in litigation, when interpreting the claims of issued 
patents in connection with determinations of infringement and validity." In re Zletz, 893 
F.2d 319,321 (Fed. Cir. 1989); accord In re Morris, 127 F.3d 1048,1054 (Fed. Cir. 1997) 
fit would be inconsistent with the role assigned to the PTO in issuing a patent to require it 
to interpret claims in the same manner as judges who, post-issuance, operate under the 
assumption the patent is valid."). Instead, as we explained above, the PTO is obligated to 
give claims their broadest reasonable interpretation during examination. Under that 
standard, it was proper for the Board to construe "user computer" to encompass the 
mainframes and minicomputers of the cited prior art." Id. 

The litigation history shows patent owner considered "variants" of one 'family' of 
modulation methods as 'at least two types of modulation methods' because (Bluetooth 
EDR uses variants of PSK modulation). 

See Case No. 2:13-cv-00213 THIRD AMENDED COMPLAINT FOR PATENT 
INFRINGEMENT (Paragraphs 14 and 21) therein: 

... [t]he infringing acts include, but are not limited to, the manufacture, use, sale, 
importation, and/or offer for sale of products practicing the following Bluetooth 
standards: Version 2.0 + EDR, Version 2.1 + EDR, Version 3.0 + HS, Version 
4.0, and Version 4.1 ("Bluetooth Standards"). Each of these Bluetooth 
Standards supports Enhanced Data Rate ("EDR") mode, thereby using at 
least two modulation methods. 

With respect to the Master/Slave interpretation: Patent Owner suggests the 'master' in 
the master/slave network requires the device to function in a multi-point architecture 
(such as would also be known in the art as an 'access point'). A multi-point architecture 
is described in the '228 patent C.1/L58-60, however, claim 2 of the '228 patent further 
limits claim 1 to be of a multi-point architecture, therefore it would not be unreasonable 
to interpret the master device of claim 1 as merely one of at least two devices clustered 
together such as in an in ad-hoc network where the device which initiates the 
communication is the 'controlling' device which merely requests response from another 
device (slave), and is thus designated a 'master'. Claims 1 and 21 do not recite a multi-
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point architecture. Applicant argues definition of "master" as being limited to: In the 
context of wireless protocols, this refers to a device that controls the operation of a 
network. The argument is not persuasive, in the context of the claim language in which 
the term is applied and which is intended to present the boundaries of the invention, the 
requirement by the claim language includes only that a "master" ... communicates with at 
least a single slave transceiver, the claim does not require any more than one other 'slave' 
device in its communication functions. The 'slave' device' is deemed a slave in the claim 
in accordance with the requirement that the slave responds to the master. Furthermore, 
the APA was deemed appropriate to teach the Master Slave feature in IPR892, and the 
portions of the Harris AN9614 teaching document relied on the rejections clearly show 
the master 'controls' by at least ... 'instructing' the radio (client/slave/) ... in "either 
mode" ... as to when to listen and for how long ( control) ... and to "respond to the poll". 

[T]he controller can keep adequate time to operate either a polled or a 
time allocated scheme. In these modes, the radio is powered off most of 

the time and only awakens when communications is expected. This station 

would be awakened periodically to listen for a beacon transmission. The 
beacon serves to reset the timing and to alert the radio to traffic. If 

traffic is waiting, the radio is instructed when to listen and for how 
long. In a polled scheme, the remote radio can respond to the poll with its 

traffic if it has any ... Harris AN9614 at 3. [emphasis added]. 

V. Harris AN9614 and Harris 4064.4 (collectively "Harris Documents") are not prior art 
and therefore could not be incorporated by reference into Snell or used as references 
against the '228 Patent, as their earliest publication date in the record is the date Snell 
issued as a patent, i.e., November 9, 1999 (after the '228 priority date of December 5, 1997). 
See infra at§ VI.A.-C; Aki, at 71-77. 

The argument is not persuasive, the 'Harris documents' were supplied in the file of the 
Snell application by the applicants of the Snell patent before the Snell application issued 
as a patent, the documents were received in the Snell application on March 17, 1997. 
Snell is a 102(e) reference for examination purposes. Each of the Harris AN9614 and 
Harris file no 4064.4 incorporated by reference are included in the Snell application 
papers. Harris File no. 4063.4 listed as 'other publication' on Snell is also ofrecord in the 
Snell application file. A reissue application 10/005,483 of Snell '807 also included the 
Harris Documents as listed under "other publications" in Snell '807. The documents each 
have a copyright date 1996. Snell specifically recites the literature by title as incorporated 
by reference and refers to 'the publication'. A public availability notice is found on the 
File number 4064.4 page 3, which indicates: 

"For additional jnformation on the PR lSM chip set, call 724~ 7800 to access 
Hanis' AnswerFAX system. \Vhen prompted. key in the four~digit document 
number ( Fj le #) of the datasheets you wish to recejve. The four-digit file numbers 
are shown in Typical Application Diagram, and correspond to the appropriate 
circuit" , 

IPR2020-00036 Page 02907

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2907



Application/Control Number: 90/013,809 
Art Unit: 3992 

Page 65 

showing that the documents whose file numbers are found on the data sheets were 
available to the interested public and especially those persons concerned with the art, 
such as those attempting to use the Harris chip set to which the documents apply. 

Also see MPEP 2128.02 in accordance with the notice of routine practice noted above. 

2128.02 Date Publication Is Available as a Reference 
I. DATE OF ACCESSIBILITY CAN BE SHOWN THROUGH EVIDENCE OF 
ROUTINE BUSINESS PRACTICES 
Evidence showing routine business practices can be used to establish the date on 
which a publication became accessible to the public. Specific evidence showing 
when the specific document actually became available is not always necessary. 
Constant v. Advanced Micro-Devices,Inc., 848 F.2d 1560, 7 USPQ2d 1057 (Fed. 
Cir.), cert. denied, 988 U.S. 892 (1988) (Court held that evidence submitted by 
Intel regarding undated specification sheets showing how the company usually 
treated such specification sheets was enough to show that the sheets were 
accessible by the public before the critical date.); In re Hall, 781 F.2d 897, 228 
USPQ 453 (Fed. Cir. 1986) (Librarian's affidavit establishing normal time frame 
and practice for indexing, cataloging and shelving doctoral theses established that 
the thesis in question would have been accessible by the public before the critical 
date.). 

The Harris documents are all publicly available to those with interest of such documents 
prior to the earliest suggested priority date of December 5, 1997. The '228 patent claims 
continuity to the '8,023,580 patent as well as the 6,614,838 patent among others and as 
such should recite identical specifications less the reference to continuity data. The '228 
patent application (13/198,568) contains an amendment amending the specification of the 
'228 patent (see C.2/L.36 of the '228 patent via amendment filed October 19, 2012 
amending paragraph 8 of the specification, adding claim 42 (patent claim 21)). 

VI. The material Snell attempted to incorporate by reference is not the material the Office 
now relies on to support its rejections. Thus, even assuming portions of the Harris 
Documents were legally incorporated by reference, the specific material the Office is 
relying on was not incorporated by reference. See infra at§ VI.D.; Aki, at Para 71-77. 

In order to reduce issues related to the content of files which are incorporated into Snell 
and listed as other publications, the remaining rejections including the Harris documents 
rely on such documents for secondary teachings which are at the least especially relevant 
to Snell because Snell specifically points to each such document in the Snell disclosure 
and further directs the subject matter of the Snell invention directly to the subject matter 
of the incorporated and disclosed documents. The essential subject matter of a claimed 
invention must be pointed out, the references are incorporated into the Snell patent, the 
claims of Snell are not relied on in the rejection, the patent is assumed valid for 
examination purposes. 
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VII. The alleged Admitted Prior Art cannot serve as a basis for rejecting claim 21 ( e.g., 
because it is not the work of another). See infra at§ VII. 

The argument is not persuasive, the evidence of record supports that the features of the 
APA relied on in the rejections are by another. For example the '228 Patent states that the 
teachings are known in the art, the Admitted Prior Art (APA) was considered proper for 
teaching certain aspects well known in the art via reference to IPR 892 and multiple 
other Inter parte reviews on various claims of the '228 patent and '580 patent. The 
concept of master slave is well known prior art used in Wireless LAN wherein an access 
point is a 'master' to devices connected thereto to form an infrastructure network. 

VIII. The Anticipation Rejection is improper because the art relied on to support it does 
not disclose the claimed (i) master/slave relationship, (ii) the two different types of 
modulation methods, or (iii) the first and second messages. See infra at § VIII; Aki, at Para 
78-123. 

The argument is moot - the anticipation rejection based on intended use is withdrawn, 
see the response to arguments of section IV above. 

However, with respect to the arguments directed to terms at issue with patent owner and 
requester, in addition to the response to remarks in section IV. above, 

(i) the master slave relationship; 

the master/slave relationship is disclosed by Snell in at least use of master (access point) 
transceiver to communicate with other wireless transceivers on a wireless LAN, and was 
also well known as evidenced by the APA and as noted in the May 2017 Non Final 
Action, for example at p. 11, Snell is disclosing a "polled protocol," in an 802.11 LAN; 
and 

(ii) the different modulation types; 

With respect to patent owners intentions suggested via the prosecution history, the 
prosecution history is entitled to little weight under the broadest reasonable interpretation 
standard. See Tempo Lighting, Inc. v. Tivoli, LLC, 742 F.3d 973, 978 (Fed. Cir. 2014) 
("This court also observes that the PTO is under no obligation to accept a claim 
construction proffered as a prosecution history disclaimer, which generally only binds the 
patent owner."). 

Considering claims 43-46 of the '288 disclosure recite that different modulation methods 
correspond to for example Phase modulation, amplitude modulation, quadrature 
amplitude modulation, discrete multi-tone modulation. These claims indicate "at least one 
of' the first and second methods is the named modulation type in the respective claim. 
Considering 'at least one' includes not only 'one' but also "both" the first and second 
modulation methods, it is clear that patent owner intended both the first and second 
modulation methods to reasonably be considered as different variants (types) of phase 
modulation, or quadrature modulation, or quadrature amplitude modulation, or discrete 
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multitone modulation. As such, two different variations (types) of, for example, phase 
modulation such as the QPSK and BPSK taught by the art relied on in the rejections is a 
reasonable interpretation for different types of modulation methods as claimed and is 
consistent with the disclosure of the '288 patent and the finding by the board in the 
IPR892 decision. 

Also, in considering the specification description of the instant '228 patent under 
reexamination, the description provides modulation methods as including for example, 
QAM and CAP, which are based on 'amplitude modulation', (C2/Ll-10) thus the 
description suggests it would be reasonable to consider 'variations' of amplitude 
modulations as being of different modulation methods. The claim does not recite the 
particular modulation method nor are variants of modulation 'families' excluded by the 
language of the claim or specification description. 

Furthermore, the litigation history contradicts the suggested modulation methods being 
tied to different families as suggested being the sole intent of different modulation 
methods in that patent owner previously considered "variants" of one family of 
modulation methods as 'at least two types of modulation methods (Bluetooth EDR uses 
variants of PSK modulation). See Case No. 2:13-cv-00213 THIRD AMENDED 
COMPLAINT FOR PATENT INFRINGEMENT Paragraphs 14 and 21. 

... [t]he infringing acts include, but are not limited to, the manufacture, use, sale, 
importation, and/or offer for sale of products practicing the following Bluetooth 
standards: Version 2.0 + EDR, Version 2.1 + EDR, Version 3.0 + HS, Version 
4.0, and Version 4.1 ("Bluetooth Standards"). Each of these Bluetooth 
Standards supports Enhanced Data Rate ("EDR") mode, thereby using at 
least two modulation methods. 

Further, with respect to the patent owners suggested reliance on prosecution history of 
parent applications related to the file of the '228 patent, the '228 patent corresponds to 
application 13/198,568 filed August 4, 2011 as a continuation application of 12/543,910, 
the prosecution history of the parent application 12/543,910 is not of record in the 
13/198,568 application as the instant application is not a file wrapper continuation of 
12/543,910. The '228 patent application (13/198,568) contains a unique amendment 
amending the specification of the application corresponding to the '228 patent (see 
C.2/L.36 of the '228 patent via amendment filed October 19, 2012 amending paragraph 8 
of the specification, adding claim 42 (patent claim 21)). Such amendment does not appear 
to be of record in each of the other patents related by continuity. 

(iii) the first and second messages are clearly taught by a sequence of messages with a 
defined format, common operational functioning of devices connected in a network 
requires sequences of messages in order to communicate on the network. 

IX. All of the rejections based on§ 103(a) are improper because one of ordinary skill in the 
art would not have adapted/combined the references as the Office proposes for at least the 
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following reasons: (i) the peer-to-peer systems of Boer and Snell are fundamentally 
different than the claimed master/slave system; (ii) the "polled scheme" of Harris AN9614 
was in the context of a single low data rate scheme as opposed to Snell's relied-on higher 
data rate scheme; (iii) Upender would have discouraged adapting Snell or Boer to a 
master/slave system; and (iv) the problem identified and solved by Gordon Bremer was 
not recognized in the cited prior art. See infra at § V & IX.A; Aki, at 78-99, 124-79. 

The argument has been considered but is not persuasive. The Patent Owner argument 
suggests the references cannot be constructively combined, however, "[t]he test for 
obviousness is not whether the features of a secondary references may be bodily 
incorporated into the structure of the primary reference .... Rather, the test is what the 
combined teachings of those references would have suggested to those of ordinary skill in 
the art." In re Keller, 642 F.2d 413,425 (CCPA 1981). 

The Boer/ APA rejection was deemed to render claim 1 unpatentable in IPR892, therefore 
the master slave functionality of such system is clear, the decision was made final, claim 
1 was canceled. Snell is a master slave system merely even by virtue of the transceiver 
being referenced as an access point for transmitting between local area devices to wired 
network as per the background of the Snell disclosure. Snell is also argued by patent 
owner as being substantially similar to Boer, therefore the adaptation of Snell to function 
as a master slave system if not explicitly already considered to teach a master slave 
system by virtue of the suggested utilization of the transceiver as an access point, would 
have been an expected use of the Snell system as evidenced by the use of the disclosed 
and incorporated processing circuitry which is explicitly recited as including polling. 
Snell utilizes the Harris Prism Chipset, the documents referenced by Snell explicitly 
teach use of such chip in a master slave environment with reference to the paragraph 
reading: 

[T]he controller can keep adequate time to operate either a polled or a time 
allocated scheme. In these modes, the radio is powered off most of the time and 
only awakens when communications is expected. This station would be awakened 
periodically to listen for a beacon transmission. The beacon serves to reset the 
timing and to alert the radio to traffic. If traffic is waiting, the radio is 
instructed when to listen and for how long. In a polled scheme, the remote 
radio can respond to the poll with its traffic if it has any. With these techniques, 
the average power consumption of the radio can be reduced by more than an order 
of magnitude while meeting all data transfer objectives. 

Thus the Harris document provides clear exemplary language of master/slave relation as 
required by the claim language and argued in the remarks which suggest the master 
controls, which is shown in Harris by the 'instructing' the radio (client/slave/) which 
occurs ... in "either mode" and further controlling ... 'as to when to listen and for how 
long' ... as well as in the radio being controlled to "respond to the poll". 
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With respect to the claimed master slave system being different from the peer to peer 
systems, APA was deemed to teach use as a master slave system, further, claim I is not 
limited to a multipoint network as importing such limitation into claim I would be unduly 
limiting in considering the further limiting feature of claim 2. Upender was deemed 
appropriate to provide motivation for modifying a system to function as a master slave 
system in IPR 892. 

The problem recognized, as argued by the patent owner, is not required by claim 
limitations of claim 1 and 21 alone, the rejection is only required to teach the limitations 
of each claim which the specific rejection is applied to. Nonetheless the variable data 
rates of the receiving devices is well established in each reference relied on in the 
rejection though the claims are not specific to what constitutes higher and lower differing 
data rates. 

X. All of the rejections based on§ 103(a) also are improper because one of ordinary skill in 
the art would not have adapted Boer or Snell to a master/slave system and then combined it 
with Y amano as the Office proposes because moving address information from the Data 
Link Layer to the Physical Layer Preamble would have resulted in an inoperable system 
and removed error detection functionality with respect to the address value. In addition, 
the skilled artisan would have recognized that doing so would have been a "serious design 
blunder." See infra at§ IX.B.; Aki, at PP 78-99, 124-79. 

The argument with respect to Boer/ APA and Snell is not persuasive. The Patent Owner 
argument suggests the references cannot be constructively combined, however, "[t]he 
test for obviousness is not whether the features of a secondary references may be bodily 
incorporated into the structure of the primary reference .... Rather, the test is what the 
combined teachings of those references would have suggested to those of ordinary skill in 
the art." In re Keller, 642 F.2d 413,425 (CCPA 1981). 

IPR 892 found claim 1 unpatentable in view of Boer and AP A. Claim 1 recites the first 
message .. .includes 'message address information', therefore Boer and APA teach the 
message address information of claim 1, the decision was final, claim 1 was canceled. 
The board noted the petitioner had not addressed reasoning why one of ordinary skill 
would place "the message address data" in claim 21, of the first message in claim 1, in 
a message header of the primary reference applied to claim 1. The claim limitations of 
claim 21 do not require the placing of such 'address data' in a header of the claimed first 
message ('address data' is referenced in 2:36 of the '228 patent via amendment filed 
October 19, 2012 amending paragraph 8 of the specification, adding claim 42 (patent 
claim 21)). Claim 21 requires the first message to include the first message address data. 
Yamana teaches placing message address data in a preamble of a header, the preamble 
portion of the data packet, which precedes the data portion. The Yamana data packet 
(message) is not broken down in illustration as far as the Boer/APA or Snell message 
packet in that Y amano shows the packet includes the preamble portion and data portion. 
One of ordinary skill in the art would know that the address data in the Yamana preamble 
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portion could not replace the required data of the PLCP preamble in each preamble 
portion of the message in either Boer or Snell as such a portion of the message packet in 
either is reserved for specific use as noted by applicants arguments and similarly in the 
file no. 4064.4 data sheets. Modification of Boer or Snell in combination with Yamana 
would not require to move the message address information ( claimed as being in the first 
message) or message address data (of the message address information of claim 1) to the 
physical layer or PLCP, nor does the claim 21 limitation require such placement. Boer 
taught the header portion as 218 in figure 4, including 206, 208, 210, 212, that header 
was modulated in a first format, that header portion is part of 'first message information' 
in the rejection, movement of any 'message address data' if required would be from the 
payload portion 214 of the message of Boer for the very reason Yamana stated in the 
rejection above. "Packet 700 includes a preamble 701 and a main body 702." Yamana at 
19:63-64 .... preamble precedes the main body (the body containing the payload data), as 
shown in Figure 8. Yamana teaches that the first message comprises first message 
address information that is indicative of the one of the one or more slave transceivers 
being an intended destination of the second information. See, e.g., Y amano at 19:63-64, 
20:1-7, 20:54-59, Fig. 8. Yamana expressly teaches that including a destination address 
in the preamble portion of the data packet, which precedes the data portion, will 
advantageously reduce processing requirements of receiving devices because the 
receiving device can filter out packets which it does not need to demodulate. Y amano at 
20:54-59 ("When the preamble in a burst-mode packet includes the destination address of 
the packet, the receiver circuits can monitor the destination address of the packet, and in 
response, filter packets which do not need to be demodulated, thereby reducing the 
processing requirements of the receiver circuits."). (Yamana at 19:63-20:7, Fig. 8). 

XI. Further, all of the rejections based on§ 103( a) are improper because one of ordinary 
skill in the art would not have adapted Boer or Snell to a master/slave system and then 
combined it with Y amano as the Office proposes because adding a destination address to 
the preamble of Snell or Boer would have frustrated their goals of increasing the data rate 
and remaining compliant with IEEE 802.11. See infra at§ IX.B.; Aki, at PP 78-99, 124-79. 

The Patent Owner argument suggests the references cannot be constructively combined, 
however, "[t]he test for obviousness is not whether the features of a secondary references 
may be bodily incorporated into the structure of the primary reference .... Rather, the test 
is what the combined teachings of those references would have suggested to those of 
ordinary skill in the art." In re Keller, 642 F.2d 413,425 (CCPA 1981). 

The response addressing arguments in section X. directly above are also applicable to the 
remarks in this section XI., the destination address is not moved to the physical layer 
preamble of Boer or Snell for reasons noted in the remarks addressing section X. above, 
and the goals of increasing data rate are not claimed nor is compliance with 802.11 
standards, nonetheless one of ordinary skill would know that the address data in the 
Y amano preamble portion could not replace the required data of the PLCP preamble in 
each preamble portion of the message in either Boer or Snell as such a portion of the 
message packet in either is reserved for specific use as noted by applicants arguments and 
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similarly in the file no. 4064.4 data sheets. Yamana teaches 'the first message address 
data' is included in the first message, the rejections make clear that it would be obvious 
to include the address data as well as the address information which is already included in 
the first message of claim 1. 

XII. Rejection A is improper because it would not have been obvious to (i) adapt Boer to a 
master/slave system, or (ii) move destination address data to the preamble of Boer. 
Rejection A is additionally improper because (1) the Office relies improperly on portions of 
the '228 Patent as disclosing the claimed "master/slave relationship" and (2) the cited 
references do not disclose and would not have suggested the claimed "the second 
modulation method [that is] of a different type than the first modulation method." See 
infra at§§ IX & X; Aki, at PP 180-85. 

The Patent Owner argument suggests the references cannot be constructively combined, 
however, "[t]he test for obviousness is not whether the features of a secondary references 
may be bodily incorporated into the structure of the primary reference .... Rather, the test 
is what the combined teachings of those references would have suggested to those of 
ordinary skill in the art." In re Keller, 642 F.2d 413,425 (CCPA 1981). 

The argument with respect to Boer/ APA/Yamana is not persuasive. The IPR 892 decision 
found claim 1 unpatentable in view of Boer and AP A. Claim 1 recites the first message 
.. .includes 'message address information', therefore Boer and APA teach the message 
address information of claim 1. The rejection had not addressed reasoning why one of 
ordinary skill would place "the message address data" of the first message in claim I in 
a message header of the primary reference. The claim limitations do not require the 
placing of such 'address data' in a header of the claimed first message (' address data' is 
referenced in 2:36 of the '228 patent via amendment filed October 19, 2012 amending 
paragraph 8 of the specification, adding claim 42 (patent claim 21)). Nonetheless 
Yamana teaches placing message address data in a first message via preamble of a 
header, the preamble portion of the data packet, which precedes the data portion, and 
provides motivation for doing so as noted above in response to arguments of section X. 
The response to arguments section IV. above addresses the manner in which a broadest 
reasonable interpretation of the master slave relationship and the modulation methods are 
viewed in the office action rejections. 

XIII. Rejections B and C are improper because it would not have been obvious to 
(i) adapt Snell to a master/slave system, or (ii) move destination address data to the 
preamble of Snell. Rejections B and C are also improper because the cited references do 
not disclose and would not have suggested any of the following three claim limitations: (1) 
the "master/slave relationship," (2) "the second modulation method [that is] of a different 
type than the first modulation method," and (3) the "first message" and "second message." 
See infra at§§ IX & XI; Aki, at PP 186-206. 
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Rejection B was withdrawn in order to reduce redundancy and any issues raised by 
documentation issues related to incorporation by reference. 

The arguments with respect to rejection C. are not persuasive, master slave adaption and 
the modulation method issues are addressed above in response to remarks sections IV and 
VIII. The first and second messages are clearly taught by a sequence of messages with 
defined format, and common operational functioning of devices connected in a network 
requires sequences of messages in order to communicate on the network. 

XIV. Rejection Dis improper because it would not have been obvious to (i) adapt Snell to a 
master/slave system, or (ii) move destination address data to the preamble of Snell. 
Rejection D is also improper because (1) the Office relies improperly on portions of Harris 
AN9614 and the '228 Patent as disclosing the claimed "master/slave relationship" and (2) 
the cited references do not disclose and would not have suggested the claimed "the second 
modulation method [that is] of a different type than the first modulation method." See 
infra at§§ IX & XII; Aki, at PP 207-215. 

The arguments with respect to rejection D. have been considered but are not 
persuasive. 

With respect to the Master Slave relationship (XIV.i.), in addition to comments above, 
Snell explicitly recites Master Slave operation in as much as the limitations of claim 21 
(including 1) require of the Master salve relationship. The claims require the slave to 
respond to a communication from the master. Snell utilizes the Harris Prism Chipset, the 
documents referenced by Snell in the Snell disclosure explicitly teach use of such chip in 
a master slave environment with reference to at least the paragraph reading: 

[T]he controller can keep adequate time to operate either a polled or a time 
allocated scheme. In these modes, the radio is powered off most of the time and 
only awakens when communications is expected. This station would be awakened 
periodically to listen for a beacon transmission. The beacon serves to reset the 
timing and to alert the radio to traffic. If traffic is waiting, the radio is 
instructed when to listen and for how long. In a polled scheme, the remote 
radio can respond to the poll with its traffic if it has any. With these techniques, 
the average power consumption of the radio can be reduced by more than an order 
of magnitude while meeting all data transfer objectives. 

Thus the Harris document teaches that there is clearly a master/slave relationship as 
required by the claim language and argued in the remarks which suggest the master 
controls, which is shown in Harris by the 'instructing' the radio (client/slave/) which 
occurs ... in "either mode" and further controlling ... 'as to when to listen and for how 
long' ... as well as in the radio being controlled to "respond to the poll". 

With respect to the requirement for moving a destination to the preamble of Snell (XIV. 
ii.), the argument is not persuasive, the claim (21) requires the first message to include 
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the address information (claim 1) and the address data (claim 21). Yamana teaches 
inclusion of address data which is address information for particular advantages of 
reducing processing requirements. The limitations of claim 21 do not require the placing 
of' address data' in a header of the claimed first message (' address data' is referenced in 
2:36 of the '228 patent via amendment filed October 19, 2012 amending paragraph 8 of 
the specification, adding claim 42 (patent claim 21)). Yamana teaches placing message 
address data in a preamble of a header, the preamble portion of the data packet, which 
precedes the data portion. The Yamana data packet (a first message) is not broken down 
in illustration as far as the Snell message packet in that Y amano shows the packet 
includes the preamble portion and data portion. One of ordinary skill in the art would 
know that the address data in the Y amano preamble portion could not replace the 
required data of the PLCP preamble in each preamble portion of the message in Snell as 
such a portion of the message packet in Snell is reserved for specific use as noted 
similarly in the rejection reciting the fields in Snell and with reference to the same fields 
in file no. 4064.4 data sheets. Modification of Snell in combination with Yamana would 
not require to move the message address information (claimed as being in the first 
message) or message address data ( of the message address information of claim I) to the 
physical layer or PLCP, nor does the claim 21 limitation require such placement in a 
header, but rather merely requires to include the message address data in the first 
message. 

With respect to (XIV. 1.), the master/slave relationship is disclosed in at least use of 
master (access point) transceiver to communicate with other wireless transceivers on a 
wireless LAN was well known as evidenced by the AP A. With respect to the 
Master/Slave interpretation: Patent Owner suggests the 'master' in the master/slave 
network requires the device to function in a multi-point architecture (such as would also 
be known in the art as an access point). A multi-point architecture is described in the '228 
patent C.1/L58-60, however, claim 2 of the '228 patent further limits claim 1 to be of a 
multi-point architecture, therefore it would not be unreasonable to interpret the master 
device of claim 1 as merely one of at least two devices clustered together such as in an in 
ad-hoc network where the device which initiates the communication is the 'controlling' 
device which merely requests response from another device (slave), and is thus 
designated a 'master'. Claim 21 including claim I does not recite a multi-point 
architecture. Applicant argues definition of "master" as being limited to: In the context 
of wireless protocols, this refers to a device that controls the operation of a network. The 
argument is not persuasive, in the context of the claim language in which the term is 
applied and which is intended to present the boundaries of the invention, the requirement 
by the claim language includes only that a "master" ... communicates with at least a single 
slave transceiver, the claim does not require any more than one other 'slave' device in its 
communication functions. The 'slave' device' is deemed a slave in the claim in 
accordance with the requirement that the slave responds to the master. Furthermore, the 
APA was deemed appropriate to teach the Master Slave feature in IPR892, and the 
portions of the Harris documents relied on the rejection clearly show the master controls 
... 'instructing' the radio ( client/slave/) ... in "either mode" ... as to when to listen and for 
how long (control) ... and to "respond to the poll". 
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With respect to (XIV. 2.), the reference explicitly recites two 'variants' of PSK 
modulation and the arguments do not show how the disclosure limits the modulation 
methods to exclude such an interpretation of modulation methods from including merely 
different variants of particular modulation. See the response to remarks in section IV 
above for further explanation of why the office action interpretation is deemed proper in 
this proceeding. 

VIII. Conclusion 

Patent owner's Amendment necessitated any new grounds ofrejection presented in this Office 
action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 

Service of Papers 

After the filing of a request for reexamination by a third party requester, any document 
filed by either the patent owner or the third party requester must be served on the other party ( or 
parties where two or more third party requester proceedings are merged) in the reexamination 
proceeding in the manner provided in 37 CFR 1.248. See 37 CFR 1.550(f). 

Extensions of Time 

Extensions of time under 37 CFR 1.136(a) will not be permitted in these proceedings 
because the provisions of 37 CFR 1.136 apply only to "an applicant" and not to parties in a 
reexamination proceeding. Additionally, 35 U.S.C. 305 requires that ex parte reexamination 
proceedings "will be conducted with special dispatch" (37 CFR 1.550(a)). Extensions of time in 
ex parte reexamination proceedings are provided for in 37 CFR 1.550(c). 

Amendment in Reexamination Proceedings 

Patent owner is notified that any proposed amendment to the specification and/or claims 
in this reexamination proceeding must comply with 37 CFR 1.530(d)-(j), must be formally 
presented pursuant to 37 CFR 1.52(a) and (b), and must contain any fees required by 37 CFR 
1.20(c). 

Submissions 

In order to insure full consideration of any amendments, affidavits or declarations or 
other documents as evidence of patentability, such documents must be submitted in response to 
the first Office action on the merits (which does not result in a close of prosecution). 
Submissions after the second Office action on the merits, which is intended to be a final action, 
will be governed by the requirements of 37 CFR 1.116, after final rejection and by 37 CFR 41.33 
after appeal, which will be strictly enforced. 
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The patent owner is reminded of the continuing responsibility under 37 CFR l.565(a), to 
apprise the Office of any litigation activity, or other prior or concurrent proceeding, involving the 
Patent under reexamination throughout the course of this reexamination proceeding. Likewise, if 
present, the third party requester is also reminded of the ability to similarly apprise the Office of 
any such activity or proceeding throughout the course of this reexamination proceeding. See 
MPEP § § 2207, 2282 and 2286. 

Conclusion 

This ex parte reexamination proceeding has been filed by a third party requester, or has been 
merged with another proceeding filed by a third party requester. Accordingly, the parties to this 
reexamination proceeding are reminded that, in accordance with 37 CFR l .550(f), any document 
filed by either the patent owner or the third party requester must be served on the other party in 
the reexamination proceeding ( or parties, where two or more third party requester proceedings 
are merged), in the manner provided by 37 CFR 1.248. If the document filed with the Office 
does not include a proper certificate of service, the document may be refused consideration by 
the Office. See MPEP 2220 and 2266.03. 

37 CFR 1.550(f) provides: 
"The reexamination requester will be sent copies of Office actions issued during 
the ex parte reexamination proceeding. After filing of a request for ex parte 
reexamination by a third party requester, any document filed by either the patent 
owner or the third party requester must be served on the other party in the 
reexamination proceeding in the manner provided by§ 1.248. The document 
must reflect service or the document may be refused consideration by the Office." 

All correspondence relating to this ex parte reexamination proceeding should be directed: 

By Mail to: Mail Stop Ex Parte Reexam 
Central Reexamination Unit 
Commissioner for Patents 
United States Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

By FAX to: (571) 273-9900 

By hand: 

Central Reexamination Unit 

Customer Service Window 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 
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Registered users of EFS-Web may alternatively submit such correspondence via the electronic 
filing system EFS-Web, at htrrn,:!/eh.u:rnro.;2oviefile/n:n:nort:1Uefs-refc:isten~d. EFS-Web offers the benefit 
of quick submission to the particular area of the Office that needs to act on the correspondence. 
Also, EFS-Web submissions are "soft scanned" (i.e., electronically uploaded) directly into the 
official file for the reexamination proceeding, which offers parties the opportunity to review the 
content of their submissions after the "soft scanning" process is complete. 
Any inquiry concerning this communication or earlier communications from the 
examiner, or as to the status of this proceeding, should be directed to the Central Reexamination 
Unit at telephone number (571) 272-7705. 

/Scott L. Weaver/ 
Primary Examiner, Art Unit 3992 

Conferees: 

/Ovidio Escalante/ 

/Hetul Patel/ 
Supervisory Patent Examiner, Art Unit 3992 
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Office Action in Ex Parle Reexamination 

Control No. 
90/013,809 

Examiner 
SCOTT L WEAVER 

Patent Under Reexamination 
8457228 

Art Unit 
3992 

AIA Status 
No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

a. ~ Responsive to the communication(s) filed on 03 May 2017. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

b. ~ This action is made FINAL. 

c. 0 A statement under 37 CFR 1.530 has not been received from the patent owner. 

A shortened statutory period for response to this action is set to expire 2 month(s) from the mailing date of this letter. 
Failure to respond within the period for response will result in termination of the proceeding and issuance of an ex parte reexamination 
certificate in accordance with this action. 37 CFR 1.550(d). EXTENSIONS OF TIME ARE GOVERNED BY 37 CFR 1.550(c). 
If the period for response specified above is less than thirty (30) days, a response within the statutory minimum of thirty (30) days 
will be considered timely. 

Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION: 

1 0 Notice of References Cited by Examiner, PTO-892. 3. 0 Interview Summary, PTO-474. 

4. • 
2 ~ Information Disclosure Statement, PTO/SB/08. 

Part II SUMMARY OF ACTION 

1 a. ~ Claims~ are subject to reexamination. 

1 b. ~ Claims 1-20 and 22-52 are not subject to reexamination. 

2. • 
3. • 

Claims __ have been canceled in the present reexamination proceeding. 

Claims __ are patentable and/or confirmed. 

4. ~ Claims ~ are rejected. 

5. • Claims __ are objected to. 

6. • The drawings, filed on __ are acceptable. 

7. • The proposed drawing correction, filed on __ has been (7a) 0 approved (7b) 0 disapproved. 

8. • Acknowledgment is made of the priority claim under 35 U.S.C. 119(a)-(d) or (f). 

a) 0 All b) 0 Some* c) 0 None of the certified copies have 

1 0 been received. 

2 0 not been received. 

3 0 been filed in Application No. __ 

4 0 been filed in reexamination Control No. --
5 0 been received by the International Bureau in PCT application No. __ 

* See the attached detailed Office action for a list of the certified copies not received. 

9. 0 Since the proceeding appears to be in condition for issuance of an ex parte reexamination certificate except for formal 
matters, prosecution as to the merits is closed in accordance with the practice under ExparteQuayle, 1935 C.D. 
11, 453 O.G. 213. 

10. 0 Other: __ 

cc: Reauester (if third oartv reauester) 
U.S. Patent and Trademark Office 

PTOL-466 (Rev. 08-13) Office Action in Ex Parte Reexamination Part of Paper No. 20180828 

IPR2020-00036 Page 02920

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2920



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Ex Parte Reexamination of Group Art Unit: 3992 

Gordon F. BREMER 

Patent No.: 8,457,228 Control No.: 90/013,809 

Issued: June 4, 2013 

Reexam Request Filed: September 12, 2016 

For: SYSTEM AND METHOD OF COMMUNICATION USING AT LEAST TWO 
MODULATION METHODS 

Mail Stop Ex Parte Reexam 
ATTN: Central Reexamination Unit 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

RESPONSE TO FINAL OFFICE ACTION 

In this above-referenced reexamination of claim 21 of U.S. Patent No. 8,457,228 ("the 

'228 Patent"), the Office issued a final Office action on November 5, 2018 ("FOA"). This 

Response to the FOA is timely-filed, i.e., within the two-month period from the mailing date of 

the FOA. Thus, this Response includes a request to extend the shortened statutory period for an 

additional two months, i.e., to March 5, 2019. See MPEP § 2265(VII). 

Notice of Expiration of U.S. Patent No. 8,457,228 

Rembrandt submits this response to notify the Office that the '228 Patent expired on 

December 5, 2018, a fact that impacts the reexamination in that it requires a claim construction 

under Phillips v. AWH Corp., 415 F.3d 1303, 1316, 75 USPQ2d 1321, 1329 (Fed. Cir. 2005), 

and one consistent with the Federal Circuit's previous construction of claim 21 of the '228 Patent 

and claims 2 and 59 of its parent, U.S. Patent No. 8,023,580 ("the '580 Patent"). The Office's 

present construction under the broadest reasonable interpretation cannot stand. 
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In view of the '228 Patent's expiration, Rembrandt requests that the Office (1) construe 

claim 21, including the "at least two types of modulation methods" limitations, under Phillips, 

(2) confirm the patentability of claim 21 under that construction, and (3) issue a NIRC consistent 

with this determination, as the Office has now done in the parent case U.S. Patent No. 8,023,580 

(also under reexamination). 

The proper claim construction of the '228 Patent under Phillips is a question of law that 

was finally and conclusively resolved in Rembrandt's favor by the Federal Circuit in Rembrandt 

Wireless Technologies v. Samsung Electronics Co., 853 F.3d 1370, 1375-77 (Fed. Cir. 2017) -

an appeal brought by Samsung (the Requestor of this reexamination). The criticisms raised by 

the Office to Rembrandt's construction of "different types" were raised by the Requestor and 

were rejected by the Federal Circuit. As a result, the proper construction of the '228 Patent 

under Phillips is now settled law, and the Office is required to apply the Federal Circuit's claim 

construction going forward in this matter. See, e.g., In re CSE-System International, 832 F.3d 

1335, 1341 (Fed. Cir. 2016 ("When a patent expires during a reexamination proceeding, the PTO 

should thereafter apply the Phillips standard for claim construction."). The court in CSE-System 

cited Facebook, Inc. v. Pragmatus AV, LLC, 582 Fed. Appx. 864, 868-69 (Fed. Cir. 2014) and 

noted that the court in Facebook "appl[ied] the Phillips standard when patent expired after the 

Board's reexamination decision pending appeal to the Federal Circuit." 832 F.3d at 1341; MPEP 

§ 2258(I)(G) ("In a reexamination proceeding involving claims of an expired patent, claim 

construction pursuant to the principle set forth by the court in Phillips v. AWH Corp., 415 F .3d 

1303, 1316, 75 USPQ2d 1321, 1329 (Fed. Cir. 2005) ... should be applied since the expired 

claim are not subject to amendment. ... "). 
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In the related district court litigation, Rembrandt Wireless Technologies v. Samsung 

Electronics Co., 853 F.3d 1370, 1375-77 (Fed. Cir. 2017), both the district court and the Federal 

Circuit applied a Phillips claim construction and determined that the limitation "modulation 

method [] of a different type" in claim 21 required at least two "different families of modulation 

techniques, such as the FSK family of modulation methods and the QAM family of modulation 

methods." Id at 1377. The Office in this reexamination and the Board in the related IPRs 

refused to construe "modulation method[] of a different type" to require at least two "different 

families of modulation techniques." Instead, it construed the claims under an alleged "broadest 

reasonable interpretation" and determined that their construction did not require at least two 

"different families of modulation techniques." Given that the '228 Patent has expired, 

application of the broadest reasonable interpretation is no longer proper and cannot stand. Thus, 

Rembrandt respectfully requests that the outstanding rejections be reconsidered in light of the 

expiration of the '228 Patent and of the proper construction of "at least two different types" to 

require at least two "different families of modulation techniques," as Rembrandt previously 

requested prior to the '228 Patent's expiration. See, e.g., Rembrandt's August 14, 2017 

Response to the May 3, 2017 non-final Office action ("August 14 Response"), at 50-52, 59-69; 

Claim Construction Order (Exhibit C to Response) and Akl Declaration, ,i,i 18-27 (submitted 

with and cited in the Response). 

Additionally, Rembrandt submits the Declaration of Dr. Christopher R. Jones (Ex. 2714 

in IPR2014-00892) (attached as Ex. A), in which Dr. Jones explains why the modulation 

methods disclosed in Boer do not satisfy the limitations of claim 21 that require different 

modulation types ( ones that are not in the same family), when properly construed under Phillips. 
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Jones Deel. ,-i,i 28-41, 44, & 55-62. Dr. Jones' testimony regarding Boer would apply with at 

least equal force to the disclosure of BPSK and QPSK in Snell and Harris. 

The Office's NIRC in the Reexamination of the Parent Patent No. 8,023,580 

In a NIRC dated December 21, 2018, the Office confirmed the patentability of all the 

claims under reexamination in the parent patent, U.S. Patent No. 8,023,580 ("the' 580 Patent"), 

which also expired on December 5, 2018. The NIRC acknowledges that "the broadest 

reasonable interpretation of claim terms is no longer proper for the claims" in the '580 

reexamination. Id at 2. It further acknowledges that the claim limitations "including the 'at 

least two types of modulation methods' or 'different types of modulation method,' should be 

interpreted under Phillips v. AWH Corp., 415 F.3d 1303, 1316 ... (Fed. Cir. 2005)." Id 

The NIRC then explains that the Federal Circuit had "applied a Phillips claim 

construction and determined that the limitation 'modulation of a different type' in claims 2 and 

59 required at least two 'different families of modulation techniques, such as the FSK family of 

modulation methods and the QAM family of modulation methods."' Id The same holds true for 

claim 21 of the '228 Patent, as the Federal Circuit determined. See Rembrandt Wireless 

Technologies v. Samsung Electronics Co., 853 F.3d 1370,passim (Fed. Cir. 2017) (construing 

the term in both the '580 and '228 Patents). Based on that construction, the Office concluded: 

"Because the prior art on the record does not teach different types of modulation methods as 

different families of modulation techniques such as the FSK family of modulation methods and 

the QAM family of modulation methods, claims 2 and 59 [of the '580 Patent] are confirmed." 

Id For the same reason, the Office should confirm the patentability of claim 21 of the '228 

Patent, as the prior art ofrecord in the '228 reexamination does not teach the different types of 
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modulation methods required when construed as it must be construed under Phillips and Federal 

Circuit law. 

Conclusion 

Given the expiration of the '228 Patent, the Federal Circuit's claim construction under 

Phillips of different types of modulation methods, and the Office's determination in the '580 

reexamination, Rembrandt respectfully requests that the Office withdraw its rejections of claim 

21 in the '228 reexamination and issue a NIRC, consistent with its action it the '580 

reexamination. 

Any fee required for this submission may be charged to Counsel's Deposit Account 

Number 02-2135. 

Date: December 21, 2018 

Respectfully submitted, 

By: /Michael V. Battaglia/ 
Michael V. Battaglia, Reg. No. 64,932 
ROTHWELL, FIGG, ERNST 
& MANBECK, P.C. 

607 14th Street, N.W., Suite 800 
Washington, DC 20005 
Phone:202-783-6040 
Facsimile: 202-783-6031 

Attorney for Petitioner 
Rembrandt Wireless Technologies, LP 

cc: Nancy J. Linck, Ph.D. 
Counsel for Rembrandt Wireless Technologies, LP 
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I. INTRODUCTION 

IPR2014-00892 
U.S. PATENT 8,457,228 

1. I have been retained by Pepper Hamilton LLP as Counsel for Patent 

Owner, Rembrandt Wireless Technologies, LP ("Patent Owner"), to provide 

opinions on certain issues concerning Inter Partes Review No. IPR2014-00892 of 

U.S. Patent No. 8,457,228 ("the '228 Patent," Ex. 1301). 

2. I am aware that the Petition (Paper 2) filed in the above-identified 

proceeding requested review of various claims of the '228 Patent and that the 

Board instituted this proceeding on a subset of the challenged claims. Specifically, 

I understand that the Petitioner challenged Claims 1-3, 5, and 10-21 of the '228 

Patent, and that the Patent Trial and Appeal Board ("the Board") has instituted trial 

for Claims 1-3, 5, and 10-20 of the '228 Patent ("the instituted claims"). I am also 

aware that Petitioner submitted with the Petition a declaration of David Goodman, 

Ph.D. ("the Goodman Report," Ex. 1323). I have been asked to analyze the '228 

Patent, the Petition and the art cited therein, the Goodman Report, and the 

Institution Decision dated December 10, 2014 ("the Institution Decision," Paper 8) 

as they relate to certain issues concerning the instituted claims. 

3. My observations and opinions, as set forth below, are based upon my 

training, education, and experience, as well as my review of the above-referenced 

documents. I make these statements based upon facts and matters within my own 
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knowledge or on information provided to me by others. All such facts and matters 

are true to the best of my knowledge and belief. 

4. I am being compensated at my standard consulting rate of $350 per 

hour. My compensation is not dependent on the outcome of this case. 

II. BACKGROUND AND QUALIFICATIONS 

5. I received my Ph.D. in Electrical Engineering from the University of 

California, Los Angeles ("UCLA") in 2003, and my Master of Science (MS) 

degree in Electrical Engineering from UCLA in 1996. I graduated magna cum 

laude with a Bachelor of Science degree in Electrical Engineering from UCLA in 

1995, and was awarded a prize for most outstanding graduating senior in the 

electrical engineering department. 

6. From 2004 to 2009, I worked for Jet Propulsion Laboratory (JPL) in 

Pasadena, CA as a senior member of the technical staff. In that capacity, I served 

as the Principal Investigator for the Mars Technology Program on "Coding 

Systems for High Data Rate Mars Links." I am an author of the Consultative 

Committee for Space Data Systems (CCSDS) international standard for Low 

Density Parity Check Codes for deep space telecommunications links. After 

leaving JPL in 2009, I occasionally contracted with JPL on the Mars MA VEN 

project and have produced a forward error correction codec to be used in flight on 

the mission, which launched in November 2013. In addition, I am the co-founder 
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of Chilicon Power, LLC, a power electronics company that designs and 

manufactures grid-interactive inverters for photovoltaic modules. The devices 

Chilicon Power manufactures employ a unique modulation. I designed this 

modulation for Chilicon's devices in order to mitigate the jamming and erasure 

conditions present in power line communication channels. Prior to founding 

Chilicon Power, I was the Chief Technical Officer of Mojix, Inc. in Santa Monica, 

California between 2009 and 2010, and the Vice President of Advanced 

Technology for Mojix between 2006 and 2009. Using signal processing techniques 

from patents that I co-invented, Mojix develops receivers able to received passive 

RFID tag communications across a distance of more than I 000 feet. I was an early 

employee of Broadcom Corp. and share inventor credentials on DOCSIS Cable 

Modem, Direct Broadcast Satellite technologies, and advanced forward error 

correction technologies. 

7. I have authored and co-authored numerous peer-reviewedjournal 

articles, as well as conference papers, on topics concerning field programmable 

gate array applications, parallel concatenated coding, low density parity check 

coding, coding applications to the NASA deep space network, and coding 

applications for Mars in-situ communication. I am the inventor or co-inventor of 

35 U.S. patents relating to cable modem, direct broadcast satellite, forward error 

correction, radio frequency identification, waveform and modulation, and grid 
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interactive power inverter technologies, and have three other patent applications 

pending. I have particular expertise in the area of modulation and coding and hold 

numerous patents on the topic of mutual information optimized pulse-amplitude 

modulation (PAM), quadrature amplitude modulation (QAM), and phase shift 

keyed (PSK) constellations for use with capacity approaching codes. P AMs, 

QAMs, and PSKs can be understood as a 'next generation' of traditional 

modulations in that they close the majority of the remaining efficiency gap to the 

ultimate Shannon capacity in applications such as cable modem, direct broadcast 

satellite, and terrestrial cellular communication. 

8. I have founded a registered S-corporation in California named 

Constellation Designs, Inc. that holds 3 granted US patents, has one pending US 

application and multiple foreign filings related to capacity-optimized phase and 

amplitude modulations. 

9. A complete list of my publications, patents, and pending applications 

is included in my curriculum vitae, which is attached hereto as Exhibit A. 

IO. By virtue of the above experience, I have gained a detailed 

understanding of the technology that is at issue in this proceeding. My experience 

with communications systems, and waveforms and modulation techniques used 

therein, is directly relevant to the subject matter of the '228 Patent. I am also 

particularly familiar with the '228 Patent as a result of an expert report that I 
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provided on behalf of the Patent Owner in the related district court litigation 

involving the '228 Patent, captioned Rembrandt Wireless Technologies, LP v. 

Samsung Electronics Co., Ltd., Samsung Electronics America, Inc., Samsung 

Telecommunications America, LLC, Samsung Austin Semiconductor, LLC, 

Blackberry, Corp., and Blackberry, Ltd., United States District Court, Eastern 

District of Texas, Case No. 2:13-CV-213-JRG-RSP. 

11. I believe I am qualified to provide opinions about how one of ordinary 

skill in the art in December 1997 would have interpreted and understood the '228 

Patent and the art relied upon by the Petitioner. 

III. RELEVANT LEGAL STANDARDS 

12. I understand from Counsel that in an inter partes review proceeding, 

claim terms of an unexpired patent are given their broadest reasonable construction 

in light of the specification of the patent in which they appear. I also understand 

that under that standard, there is a heavy presumption that a claim term carries its 

plain and ordinary meaning, as would be understood by one of ordinary skill in the 

art at the time of the invention. A claim term will not receive its plain and ordinary 

meaning, however, if the patentee sets forth a special definition for the term that is 

clearly stated in the patent specification or file history. 

13. It is my understanding that an invention is unpatentable if the 

differences between the invention and the prior art are such that the subject matter 
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of the invention as a whole would have been obvious at the time the invention was 

made to a person having ordinary skill in the art. I further understand that 

obviousness is determined by evaluating: (1) the scope and content of the prior art, 

(2) the differences between the prior art and the claim, (3) the level of ordinary 

skill in the art, and ( 4) secondary considerations of non-obviousness. To establish 

obviousness based on a combination of the elements disclosed in the prior art, it is 

my understanding that a petitioner must identify a specific combination that 

teaches all limitations of the claimed invention and establish that a person of 

ordinary skill in the art at the time of the claimed invention would have found it 

obvious to make that combination. 

14. To guard against hindsight and an unwarranted finding of 

obviousness, I understand that an important component of any obviousness inquiry 

is whether the petitioner has identified any teaching, suggestion, or motivation that 

would have prompted a person of ordinary skill in the art to make the claimed 

combination and have a reasonable expectation of success in doing so. I 

understand that this test should not be rigidly applied, but can be an important tool 

to avoid the use of hindsight in the determination of obviousness. 

15. I further understand that the teaching, suggestion, or motivation may 

be found explicitly or implicitly: (1) in the prior art; (2) in the knowledge of those 

of ordinary skill in the art that certain references, or disclosures in those references, 
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are of special interest or importance in the field; or (3) from the nature of the 

problem to be solved. Additionally, I understand that the legal determination of 

the motivation to combine references allows recourse to logic, judgment, and 

common sense. In order to resist the temptation to read into prior art the teachings 

of the invention in issue, however, it should be apparent that the "common sense" 

should not be conflated with what appears obvious in hindsight. 

16. I understand that if the teachings of a prior art reference would lead a 

person of ordinary skill in the art to make a modification that would render another 

prior art device inoperable, then such a modification would generally not be 

obvious. I also understand that if a proposed modification would render the prior 

art invention being modified unsatisfactory for its intended purpose, then there is 

no suggestion or motivation to make the proposed modification. 

I 7. I understand that it is improper to combine references where the 

references teach away from their combination. I understand that a reference may 

be said to teach away when a person of ordinary skill in the relevant art, upon 

reading the reference, would be discouraged from following the path set out in the 

reference, or would be led in a direction divergent from the path that was taken by 

the patentee. In general, a reference will teach away if it suggests that the line of 

development flowing from the reference's disclosure is unlikely to be productive 

of the result sought by the patentee. I understand that a reference teaches away, for 
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example, if (1) the combination would produce a seemingly inoperative device, or 

(2) the references leave the impression that the product would not have the 

property sought by the patentee. I also understand that a reference does not teach 

away if it merely expresses a general preference for an alternative invention, but 

does not criticize, discredit, or otherwise discourage investigation into the 

invention claimed. Finally, I understand that dependent claims contain all of the 

limitations of the claims from which they depend. 

IV. SUMMARY OF MY STUDY 

18. I have been asked to render an opinion as to the meaning of certain 

claim terms to a person of ordinary skill in the art and as to whether the instituted 

claims are invalid in view of the Petitioner's proposed combination of the alleged 

Admitted Prior Art ("APA") and U.S. Patent No. 5,706,428 of Boer et al. ("Boer," 

Ex. 1304). 1 

1 The scope of my opinions expressed in this Declaration address claim 

construction of various terms, as well as whether the combination of the AP A and 

Boer, as proposed by the Petitioner, meets the recitations of the instituted claims as 

the claims should be construed from the perspective of a person having ordinary 

skill in the art. I understand that the Patent Owner also relies on the opinions in the 

Declaration of Dr. Phillip Koopman as they relate to whether one of ordinary skill 
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19. In forming the opinions contained herein, I have read the '228 Patent 

and have considered its disclosure from the perspective of a person of ordinary 

skill in the art in December 1997, including those portions of the '228 Patent that 

are relied upon by the Petitioner as representing AP A. I have also read Boer and 

considered its disclosure from the perspective of a person of ordinary skill in the 

art in December 1997. I have also read and considered inter alia the Petition for 

Inter Partes Review of the '228 Patent, the Goodman Report, the Patent Owner's 

Preliminary Response (Paper No. 6), and the Institution Decision (Paper No. 8). I 

am also familiar with a large number of other prior art references in the field of the 

invention, including but not limited to the other references provided by the 

Petitioner in this proceeding. By way of example, I have read an article published 

in Embedded Systems Programming Magazine, entitled "Communication 

Protocols for Embedded Systems" and authored by Bhargav Upender and Phillip 

Koopman, which was submitted by the Petitioner in the instant proceeding as 

Exhibit 1322. 

20. In my opinion, even if a person having ordinary skill in the art would 

have been motivated to combine AP A and Boer, as proposed by the Petitioner, one 

in the art would have been motivated to combine the AP A and Boer as proposed by 

the Petitioner. 
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would have failed to arrive at the inventions recited in the claims of the '228 

Patent, as discussed in detail below. 

V. DEFINITION OF PERSON OF ORDINARY SKILL IN THE ART 

21. I understand that analysis regarding claim construction and the 

teachings of the asserted prior art should be performed from the perspective of a 

person of ordinary skill in the art as of December 5, 1997, which is the filing date 

of the earliest application to which the '228 Patent claims priority. 

22. It is my opinion that one of ordinary skill in the art at the relevant time 

would have had a bachelor's degree in electrical engineering that included 

coursework in communications systems and networking, and two years of work 

experience in electronic communications. In determining this hypothetical 

"ordinary" level of skill, I considered the sophistication of the technology and the 

type of problems generally encountered in the field (and typical solutions to those 

problems), as well as the education level of active workers in the field. 

23. Based on my education, qualifications, and experience, I believe that I 

am qualified to provide opinions about how one of ordinary skill in the art in 

December 1997 would have understood the prior art and the '228 Patent. My 

opinions set forth in this declaration are consistent with these understandings. 

24. For example, in 1997 I was working at Broadcom Corporation on 

fundamental cable modem technologies (of which I am listed as a co-inventor). 
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These technologies utilized a variety of modulations including, binary phase shift 

keying (BPSK), quadrature (or quaternary) phase shift keying (QPSK), and QAM. 

I had a master's degree at the time and I had obtained my bachelor's degree 2 years 

earlier. My master's thesis was focused on compression technologies, specifically 

a lossless compression technique called "arithmetic coding." My doctoral work 

was centered on forward error correction for communication systems and enabled 

me to contribute fundamentally to the development of cable modem technologies 

as evidenced by my co-inventor credentials on many foundational cable modem 

patents. 

25. I disagree with the Petitioner's definition of a person of ordinary skill 

in the art. The Petition and the Goodman Report allege that the hypothetical 

person of ordinary skill in the art would have had "a Master's Degree in Electrical 

Engineering that included coursework in communications systems and networking, 

and at least five years of experience designing network communication systems." 

(Paper 2 at 8; Ex. 1323 at if61.) However, neither the Petition nor the Goodman 

Report provides any basis for its allegation as to the level of ordinary skill. 

Petitioner's proposed definition does not appear to be supported by any evidence, 

and in fact, fails to provide any rationale as to how a minimum level of "at least 

five years of experience" indicates what is "ordinary." In my opinion, the 

Petitioner's definition not only includes those that are over-qualified by failing to 
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cap the level of work experience (e.g., a person with a Master's and more than 15 

years of experience would be "ordinary" under Petitioner's definition), but it also 

overstates the typical characteristic of the ordinary-skilled artisan. 

VI. SUMMARY OF THE '228 PATENT 

26. As indicated above, I understand that the Board has instituted trial for 

Claims 1-3, 5, 10-20 ("the instituted claims"), of which Claim 1 is independent. 

27. Gordon Bremer is listed as the sole inventor of the '228 Patent, which 

as noted above claims priority to a provisional application filed on December 5, 

1997. See Exhibit 2701. The Abstract indicates that the '228 Patent is generally 

directed to systems in which a master device may communicate using different 

types of modulation methods with other network devices according to a 

master/slave relationship in which communication from a slave to a master occurs 

in response to a communication from the master to a slave. (Ex. 1301, Abstract). 

The '228 Patent is a continuation of U.S. Patent Application No. 12/543,910, 

which matured into U.S. Patent No. 8,023,580 ("the '580 Patent," Ex. 2718) both 

the '228 and '580 Patents claim priority to U.S. Provisional Patent Application No. 

60/067 ,562. 

28. I believe that a key feature highlighted by the Patentee is the use of 

the word "types" in many of the claims that are the subject of these proceedings. 

Specifically, independent claim 1 (and its dependent claims) utilizes the specifier 
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"types" in reference to modulation methods in order to narrow the claims from the 

broader term "different." A "different type" means not just changing the number 

of bits per symbol for a given modulation method (e.g., changing from I bit per 

symbol of binary (B) PSK to 2 bits per symbol of quadrature (Q) PSK), but that 

modulation methods of a different family are used, for example, from one duration 

of the transmission to the next ( e.g., frequency shift keying (FSK), followed by 

PSK). As discussed in the sections below, use of the word "type," through its 

addition in the claims of the '580 patent, was important to the scope of the claim 

language. 

VII. CLAIM CONSTRUCTION 

29. I provide my opinions below as to the meaning of the terms first and 

second "modulation methods" and "types" of modulation methods, as used in 

independent claim I in accordance with my understanding of the broadest 

reasonable construction standard applicable to these proceedings (see above at 

para. 12). 

A. First and Second "Modulation Methods" 

3 0. I believe that the proper construction of the term "first modulation 

method" is "a first method for varying one or more characteristics of a carrier in 

accordance with information to be communicated," and the proper construction for 
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the term "second modulation method" is "a second method for varying one or more 

characteristics of a carrier in accordance with information to be communicated." 

31. Based upon my relevant experience, "modulation method" is a term 

that is generally recognized in the electronic communications arts to mean a 

technique for varying one or more characteristics of a carrier wave in a 

predetermined manner to convey information. This definition is supported by the 

following publications, which describe "modulation" consistent with this common 

understanding at the time of the invention of the '228 Patent: 

• The IEEE Standard Dictionary of Electrical and Electronics Terms, 

6th Ed. (1996) defines "modulation" as "[t]he process by which some 

characteristic of a carrier is varied in accordance with a modulating 

wave." See Ex. 1320 (p. 662); 

• The Modem Dictionary of Electronics (6th ed., 1997) defines 

"modulation" as "[t]he controlled variation of frequency, phase and/or 

amplitude of a carrier wave of any frequency in order to transmit a 

message" and "[ t ]he process, or results of the process, whereby some 

characteristic of one signal is varied in accordance with another 

signal. The modulated signal is called the carrier and may be 

modulated in three fundamental ways: by varying the amplitude 
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(amplitude modulation) by varying the frequency (frequency 

modulation) or by varying the phase (phase modulation).") See Ex. 

2704 at 663; 

• The Microsoft Press Computer Dictionary (3 rd ed., 1997)- "The 

process of changing or regulating the characteristics of a carrier wave 

vibrating at a certain amplitude (height) and frequency (timing) so that 

the variations represent meaningful information." See Ex. 2716, p. 

313; and 

• D.K. Sharma, et al., Analog & Digital Modulation Techniques: An 

Overview 551 (2010) indicates that "[m]odulation is the process of 

varying some parameter of a periodic waveform in order to use that 

signal to convey a message." See Ex. 2717, p. 551 and Table 1. 
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32. The '228 Patent uses the term "modulation" consistent with this well-

known meaning as a method for varying characteristics of a carrier wave. For 

example, at column 2, lines 3-10, the '228 Patent provides various examples of 

carrier wave modulation techniques: 

For example, some applications ( e.g., internet access) require high 

performance modulation, such as quadrature amplitude modulation 

(QAM), carrier [sic] amplitude and phase modulation (CAP)2, or 

discrete multitone (DMT) modulation, while other applications ( e.g., 

power monitoring and control) require only modest data rates and 

therefore a low performance modulation method. 

33. QAM is Quadrature Amplitude Modulation and consists of discretely 

varying the amplitude of two orthogonal phases of a carrier wave. 

34. CAP is Carrierless Amplitude and Phase modulation. This 

modulation is similar to QAM, but does not explicitly use quadrature phases in the 

modulator to build the constellation. CAP is a variant of QAM in that CAP can be 

thought of as combining two "carrierless" pulse-amplitude modulated signals to 

2 The reference to Carrier Amplitude Modulation appears to be a typographical 

error in the '228 Patent. A person of ordinary skill in the art would understand that 

CAP is an acronym for Carrierless Amplitude and Phase modulation, as discussed 

otherwise herein. 
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create a QAM signal in which the phase of the carrier is reset at the beginning of 

each symbol. 

35. DMT is Discrete Multitone Modulation and uses a plurality of 

orthogonal carrier waves to transmit information. Each of these orthogonal carrier 

waves may be modulated with PSK or QAM in order to convey information. 

36. Persons having ordinary skill in the art would have appreciated that 

the modulation methods described above are carrier wave modulation techniques. 

Indeed, all of the modulations in the '228 Patent are similar in that they share the 

common attribute that information is related through alteration of a carrier wave. 

This is important because it allows all tribs to demodulate the first portion of the 

modulated carrier (because it is a carrier wave modulation) and then optionally 

demodulate the second portion of modulation depending on whether or not the 

modulation is changed to a different, more spectrally efficient modulation that the 

trib may or may not be capable of demodulating. 

3 7. Indeed, in light of the definition of "modulation" provided in The 

IEEE Standard Dictionary of Electrical and Electronics Terms (which is cited 

above and also relied upon in the Petition at page 13 and the Goodman Report at 

if88), it is my opinion that there appears to be no significant difference between my 

proposed construction and the Petitioner's, with the lone caveat being that one of 
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ordinary skill in the art would appreciate that modulation does not randomly or 

indiscriminately vary the characteristics of a carrier wave. 

B. "Types" of Modulation Methods 

38. Instituted independent claim 1 requires that the first and second are of 

a different "type." As noted above, I am aware that during prosecution of the '580 

patent, claims were amended to recite "at least two types of modulation methods, . 

. . wherein the second modulation method is of a different ~ than the first 

modulation method .... " Ex. 2 719 at 07 /23 ( underlining original indicating 

amendments to the claim language). Concurrent with this amendment to the 

claims, the applicant indicated that "the language of independent claim 1 has 

been clarified to refer to two types of modulation methods, i.e., different 

families of modulation techniques, such as the FSK family of modulation 

methods and the QAM family of modulation methods." Ex. 2719 at 20 (bold and 

underlining added, italics original). In light of the applicant's express definition 

for "types" presented during prosecution of the related application, it is my 

understanding that this claim term is therefore to be construed according to the 

special definition provided by the applicant (i.e., "different families of modulation 

techniques"). 
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39. As indicated by the definition of "modulation" provided by the 

Modem Dictionary of Electronics ( 6th ed., 1997)3, a person having ordinary skill in 

the art would understand that a carrier wave is fully characterized by its frequency, 

phase, and amplitude (e.g., for a sine wave, A(t) = Asin(2nft + cp), were A denotes 

amplitude,/ denotes frequency, and cp denotes phase of the wave). 

40. As such, the fundamental characteristic(s) of the carrier waveform that 

are varied in order to convey information with the carrier wave is limited to one or 

more of the wave's frequency, phase, and amplitude. 

41. Accordingly, carrier wave modulations can be classified into distinct 

types or families based on changes to the fundamental characteristics of the 

waveform - amplitude, frequency, and phase of the carrier wave. 

42. I note that Petitioner's expert, Dr. Goodman, has focused only on the 

difference between modulations and not on the concept of modulation type as it is 

3 "The process, or results of the process, whereby some characteristic of one 

signal is varied in accordance with another signal. The modulated signal is called 

the carrier and may be modulated in three fundamental ways: by varying the 

amplitude (amplitude modulation) by varying the frequency (frequency 

modulation) or by varying the phase (phase modulation).") Ex. 2704 at 663. 
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used in the '228 patent. The modifier "type" is a narrowing constraint added in the 

'228 Patent claims. 

43. In my opinion, it also would not have been obvious to one of ordinary 

skill in December 1997 to mix types of modulations because the implementation 

resources within a radio transceiver would have generally been greater to support 

the different modulation types. Rather, I believe that ordinary-skilled artisans at 

the time of the '228 Patent would have avoided multiple types of modulation 

within the same transceiver because it would have oftentimes increased the cost of 

implementation and would have been viewed as having little benefit as compared 

to targeting a specific modulation type for an end-channel requirement. 

44. That multiple modulation "types" are a key distinction in the 

invention described in the '228 Patent is further supported by the provisional 

application (Ex. 270 I) to which the '228 Patent claims priority. The provisional 

application indicates that the Patentee's teachings "cannot be properly met by a 

single modulation. A high performance modulation, such as QAM, CAP or DMT, 

that is initially optimized for high performance and will continue to be improved, 

will demand state-of-the art implementation devices that are relatively costly. This 

is true even if such a high performance modulation is "degraded" to operate at its 

lowest data rate and with its poorest acceptable performance. A low performance 
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modulation, such as FSK, PAM or DSB, may implemented in much, much less 

expensive devices." Ex. 2701 at 4. 

45. The provisional application also provides a specific example of what 

it would mean to "degrade" a high performance modulation to operate at its lowest 

data rate. "Without embedded modulations, all tribs must possess substantially all 

the transceiver features and cost of a full performance Pinnacle. That is, with the 

usual 64 kbaud (640 kbps), IP/PPP/PMAP/P-CAP protocol Pinnacle, all tribs must 

be capable of transmitting and receiving 64 kbaud. Only minor cost reductions can 

be achieved by restricting a lower cost trib to fewer bits per symbol ... saving some 

cost in the AFE and the DSP. An example cost reduction may be from $50 to $40. 

With embedded modulation, Type B tribs can be, say, 16 kbps FSK modems 

without need for any protocol such as above. It is estimated that such a modem 

core can be implemented for a cost of perhaps $5." Ex. 2701 at 6. 

46. In light of the above passages of the priority provisional, the '228 

Patent thereby provides that operating at fewer bits per symbol to degrade the 

performance of a modulation method (though the modulation method remains the 

same) may be insufficient to obtain the beneficial outcomes (e.g., cost savings) that 

can be obtained by using multiple "types" of modulation in accordance with the 

Patentee's teachings. 
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4 7. Thus, in the context of the '228 Patent, Boer's restriction of a 

transceiver to DBPSK modulation as compared DQPSK modulation would result 

in only a 'minor' cost reduction by reducing the bits per symbol of the differential 

PSK modulation from two bits per symbol to one, and would be insufficient to 

obtain the benefits provided by the '228 Patent, which are described as being 

enabled through the use of different "types" of modulation. Accordingly, Dr. 

Goodman's proposed definition for different "types" of modulation methods as 

being "incompatible" is inconsistent with the '228 Patent, and is therefore 

improper. 

VIII. THE PRIOR ART OF THE INSTITUTED GROUNDS 

48. I understand Petitioner alleges that the combination of alleged 

Admitted Prior Art and U.S. Patent No. 5,706,428 to Boer et al. renders the 

instituted claims obvious. Below, I provide a brief summary of the relied-upon art. 

A. The Alleged Admitted Prior Art ("APA") 

49. Petitioner alleges that the '228 Patent describes certain prior art 

systems including a multipoint communication system including a master 

transceiver and a plurality of tributary transceivers. Petitioner alleges that the 

description of a system having a master modem and plurality of identical tributary 

modems all communicating via a common modulation method constitutes prior art. 

See Paper 2 at 15-17; see also Ex. 1301, 3:64 - 4:3. 
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50. The Petitioner relies on the described system as evidence of the 

existence of common modulation master/slave systems prior to the invention of the 

claimed subject matter of the '228 Patent. 

B. U.S. Patent No. 5,706,428 to Boer et al. ("Boer") 

51. U.S. Patent No. 5,706,428 issued to Jan Boer et al. on January 6, 

1998, and is entitled "Multirate Wireless Data Communication System." Boer 

purportedly provides a wireless local area network (LAN) that "includes first 

stations adapted to operate at a 1 or a 2 Mbps data rate and second stations adapted 

to operate at a 1, 2, 5, or 8 Mbps data rate." (Ex. 1304, Abstract. 

52. Figure 1 of Boer, which is reproduced below, depicts a wireless LAN 

10 that includes an access point 12 and multiple mobile stations 18, 22. Id. at 2:7-

37. The access point 12 has antennas 16, 17 for transmitting and receiving 

messages over a wireless communication channel. Id. at 2:5-15. Each of the 

mobile stations 18, 22 are depicted in Figure 1 of Boer as also having two 

antennas. Boer discloses that some mobile stations 18-1, 18-2 are "capable of 

transmitting and receiving messages selectively at a data rate of 1 Mbps (Megabit 

per second) or 2 Mbps ... ," (Id. at 2:34-41) while other mobile stations 22-1, 22-2 

"can operate at a 1 Mbps or a 2 Mbps data rate ... and in addition can also operate 

at two higher data rates, namely 5 Mbps and 8 Mbps." Id. at 2: 19-21. When the 

mobile stations 18, 22 are "operating at the 1 Mbps data rate, DBPSK ( differential 
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binary phase shift keying) modulation of the RF carrier is utilized, and when 

operating at the 2 Mbps data rate DQPSK ( differential quadrature phase shift 
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53. As shown below in Figure 4, a typical message 200 used in Boer's 

LAN 10 contains a preamble 216, a header 218 (which contains inter alia an 8-bit 

signal field 206 and an 8-bit service field), and a data field 214, "which comprises 

a variable number of data 'octets', that is 8-bit segments, sometimes referred to as 

'bytes'." Id. at 3:42-55. 
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FIG.4 
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54. "[T]he preamble 216 and header 218 are always transmitted at the 1 

Mbps rate using DBPSK modulation." (Id. at 3:56-58.) "The subsequent DATA 

field 214, however, may be transmitted at a selected one of the four possible rates 

1, 2, 5, and 8 Mbps using modulation and coding discussed hereinabove." Id. at 

3:57-62 (emphasis added). "The SIGNAL field 206 has a first predetermined value 

if the DATA field 214 is transmitted at the 1 Mbps rate and a second 

predetermined value if the DATA field 214 is transmitted at the 2, 5, or 8 Mbps 

rates." Id. at 4:4-7. "The SERVICE field 208 has a first predetermined value 

(typically all zero bits) for the 1 and 2 Mbps rates, and a second predetermined 

value for the 5 Mbps rate and a third predetermined value for the 8 Mbps rate." Id. 

at 4:8-11. The stations 18, which are adapted to operate at 1 and 2 Mbps rates 

only, ignore the SERVICE field 208. Id. at 4:12-13. 

IX. THE BOER '428 PATENT DOES NOT USE A MODULATION OF A 
DIFFERENT TYPE FOR THE SECOND MODULATION 

55. All of Boer's rates operate using phase shift keying (PSK) 

modulation. As noted above, Boer states: 

When operating at the 1 Mbps data rate DBPSK ( differential binary 

phase shift keying) modulation of the RF carrier is utilized and when 

operating at the 2 Mbps data rate DQPSK ( differential quadrature 

phase shift keying) modulation of the RF carrier is utilized. Ex. 1304 

at 2:23-27. 
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At the 5 Mbps data rate there are used I out of 8 possible PPM 

positions whereby there are 5 encoded bits per symbol interval (3 

position bits plus 2 bits for quadrature phase information). At the 8 

Mbps data rate the I- and Q-components are used separately. Thus 

there are 3 position bits for the I-component, 3 position bits for the Q

component and 2 bits for quadrature phase information. Ex. 1304 at 

2:44-51. 

56. Differential BPSK (DBPSK) and Differential QPSK (DQPSK) are 

both examples of differential phase shift keying (DPSK), which requires only 

differential, instead of absolute, phase measurement at the receiver in order to 

ascertain the information conveyed by the modulated carrier wave. In particular, 

the receiver can measure the relative phase difference between waveforms received 

during successive transmission intervals. DBPSK employs two different phase 

levels (i.e., two different waveforms with half-cycle phase shifts of the carrier 

wave) to convey one bit per symbol and DQPSK employs four different phase 

levels (i.e., four different waveforms with quarter-cycle phase shifts of the carrier 

wave) to convey two bits per symbol. 

57. In my opinion, DBPSK and DQPSK are not different types of 

modulation methods. Rather, DBPSK and DQPSK are both in the phase family of 

modulation methods. This is so because in both DBPSK and DQPSK the 

characteristic of the carrier wave that is modulated is its phase. Moreover, as noted 
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above, DBPSK and DQPSK cannot be considered different "types" of modulation 

within the meaning of the '228 Patent because the '228 Patent provides that merely 

restricting the differential PSK modulation from two bits per symbol to one bit per 

symbol would be insufficient to obtain the benefits provided by the Patentee's 

teachings. 

58. Further, in my opinion, pulse position modulation (PPM) as utilized in 

Boer (i.e., as PPM/DQPSK) is not a carrier wave modulation technique and does 

not fall under the construction of the term "modulation" as "varying one or more 

characteristics of a carrier signal in accordance with information to be 

communicated." Therefore PPM/DQPSK is not a different type of modulation 

than DQPSK. 4 It is my opinion that, in the context of the '228 patent, the use of 

the term "modulation" within the term "pulse position modulation" is a misnomer. 

Because the PPM portion of the PPM/DQPSK technique does not vary the carrier 

4 Claims I and 15 refer to modulation methods being of "a different type." 

The parties have also sought to construe the terms "The second modulation method 

being of a different type than the first modulation method" and different type of 

modulation method" ( emphasis added). The specification and file history do not 

include any discussion or analysis of "sameness" or "same types". Therefore to be 

precise, my opinions focus on the meaning of "different" rather than "same." 

-27-
IPR2014-00892 Rembrandt Ex. 2714 

IPR2020-00036 Page 02955

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2955



IPR2014-00892 
U.S. PATENT 8,457,228 

amplitude, the carrier phase, or the carrier frequency, one of skill in the art would 

recognize that the PPM portion of the PPM/DQPSK technique is not modulating 

the carrier wave. Rather, PPM is an "encoding" ( or coding) technique within the 

context of Boer, a characterization which Boer similarly utilizes to describe the use 

of PPM in PPM/DQPSK. See e.g., Ex. 1304 at 4:45-48 ("Thus a station 18 will not 

defer if, when it wishes to transmit, it senses a transmission involving a PPM type 

coding as well as DSSS coding. such as is used for the 5 and 8 Mbps transmissions 

of a station 22." ( emphasis added)). 

59. The PPM-encoding technique employed by Boer in combination with 

DQPSK modulation creates 8 time slots in which carrier phase modulated symbols 

can be placed for transmission. Since 8 time slots correspond to 23 possible time 

locations, 3 bits of information can be conveyed in choosing the time slot for 

transmission. The underlying type of carrier wave modulation is independent of 

the time slot selected and remains phase modulation. I also note that these 3 bits of 

information come at the expense of 8 time slots that could have otherwise been 

filled with an unbroken stream of DBPSK and DQPSK symbols. So the 

throughput increases logarithmically in the number of slots, but simultaneously 

decreases linearly in the number of slots. In general, if there are N slots then the 

throughput, for a constant symbol time, is changed by a factor of (log2 N) / N. 
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60. In the PPM-encoded DQPSK modulation used in Boer, PPM does not 

change the underlying type of carrier wave modulation from one point in time to 

the next. Rather, the underlying type of carrier wave modulation remains phase 

modulation (as noted above, DQPSK modulates the phase of the carrier wave). 

PPM as used in combination with DQPSK simply allows encoding additional bits 

in the transmitted signal by providing time slots (8 time slots in Boer) in which the 

signal is transmitted so as to change the throughput without changing the type of 

carrier wave modulation. Though changing the "start and stop time" of the 

information (i.e., selecting a slot for a phase-modulated carrier wave as in 

PPM/DQPSK) may increase the number of bits transmitted by the DQPSK 

modulation method, this increase is due to encoding rather than through varying 

one of the fundamental characteristic(s) that define the information-varying aspect 

of the carrier waveform (i.e., the wave's frequency, phase, and amplitude). 

61. In other words, PPM as used in Boer (i.e., PPM/DQPSK) is an 

encoding technique-not a modulation method that expresses information through 

alteration of a carrier wave. Other encoding techniques that can be applied to PSK 

modulation to convey different amounts of information per channel usage are 

known in the art. For example, a repetition code operates as its name implies: the 

symbols are literally repeated in order to improve reliability in the presence of 

n01se. As another example, forward error correcting coding may be applied to 
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modulated symbols. Under such as approach, the total number of modulated 

symbols is increased by a proportion equal to 1/R where R is the 'rate' of the code 

and varies between 1 and 0. For example, a rate 1/3 code expands the amount of 

transmitted information by a factor of 3. Similar to these encoding techniques, 

PPM used in Boer is independent of the underlying carrier wave modulation 

method used to modulate the symbols. 

62. Accordingly, it is my opinion that even if one of ordinary skill in the 

art would have been motivated to combine APA and Boer as suggested by the 

Petitioner, one would have failed to arrive at the invention recited in independent 

claim 1 (and instituted claims which depend therefrom), at least because Boer fails 

to disclose or suggest utilizing different types of modulation methods. 

63. All of the statements made in this declaration of my own knowledge 

are true, and all statements made on information and belied are believed to be true. 

These statements were made with knowledge that willful false statements and the 

like so made are punishable by fine or imprisonment, or both, under section 1001 

of Title 18 of the United States Code. 

Dated: February 17, 2015 Signature: 

-30-
IPR2014-00892 Rembrandt Ex. 2714 

IPR2020-00036 Page 02958

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2958



EXHIBIT A 

IPR2014-00892 
U.S. PATENT 8,457,228 

Dr. Christopher R. Jones - Curriculum Vitae 

A-1 
IPR2014-00892 Rembrandt Ex. 2714 

IPR2020-00036 Page 02959

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2959



1563 Calle Patricia 
Pacific Palisades, CA, 90272 
christop@christop.net 
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• 2010-Present Co-Founder, Chilicon Power LLC, Los Angeles, CA 
• 2010-Present Co-Founder, Constellation Designs, Los Angeles, CA. 
• 2004-2009 Senior Technical Staff, Jet Propulsion Laboratory, Pasadena, CA. 
• 2009-2010 Chief Technical Officer, Mojix Corporation, Santa Monica, CA. 

TEL: (310) 403-7879 

(Rev. Sept 2014) 

• 2006-2009 Vice President Advanced Technology, Mojix Corporation, Santa Monica, CA. 
• 1997-2002 VLSI Engineer, Broadcom Corporation, Irvine, CA. 

Testifying / Deposition 

• Nov. 2013. 6 hour deposition on behalf of Space Systems Loral 
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• 2011 Research Expert: ATMEL Corp, 2325 Orchard Parkway San Jose, 95131 
• 2010-2012 Research Expert: Tivo Corp, 2160 Gold Street P.O. Box 2160 Alviso, CA 95002 
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• 2013-2014 Research Expert: Rembrandt Technologies on Blue Tooth infringement issues 

Professional Activity 

• Nov 2013 MAVEN Mars Satellite System Advanced FEC Communication Payload for Obiter to Lander 
to Earth Relay 
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• Jan 2005-Present Principal Investigator : Mars Technology Program, "Coding Systems for High Data 

Rate Mars Links," 3 Yrs / $1.8 million Mars Technology Program Task. 
• Sept 2007 Session Chair, Information Theory Workshop, Lake Tahoe, CA. 
• 2004-2006 Author: Low Density Parity Check Codes for Use in Near-Earth and Deep Space Applications, 

Consultative Committee for Space Data Systems (CCSDS) standards body 
• July 2005,06,07 Instructor : UCLA Short Course on LDPC Codes. 
• 2003-2004 Working Group Member: IEEE 802.11 Wireless LAN High Throughput Study Group (TGN /802.lln) 
• 2001-Present Peer Reviewer : IEEE Transactions on Communications, IEEE Transactions on Signal 

Processing, IEEE Communications Letters, IEEE Conferences 
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- Constituent code design/selection 
- Codec algorithmic definition 
- High throughput VLSI encoder implementation 

• 1998 Integrated Circuit BCM6010. Very high rate Digital Subscriber Line (VDSL) transceiver 
- FEC functional verification, module synthesis 

• 1997 Integrated Circuit BCM3137. Burst demodulator for cable modem headend 
- First MCNS compliant cable modem headend ASIC. 
- Digital ASIC engineer 
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- System verification of upstream time division synchronizaton 
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Education 
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04/23/2015 Illustration by Dr. Christopher Jones drawn Exhibit 1534 Petitioner Yes 
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at deposition, January 7, 2015 

04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn Exhibit 1535 Petitioner Yes 
at deposition, January 7, 2015 

04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn Exhibit 1536 Petitioner Yes 
at deposition, January 7, 2015 

04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn Exhibit 1537 Petitioner Yes 
at deposition, January 7, 2015 

04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn Exhibit 1538 Petitioner Yes 
at deposition, January 7, 2015 

04/23/2015 U.S. Patent No. 5,450,404 Exhibit 1539 Petitioner Yes 

04/23/2015 U.S. Patent No. 5,436,901 Exhibit 1540 Petitioner Yes 

04/23/2015 U.S. Patent No. 5,535,212 Exhibit 1541 Petitioner Yes 

04/ 23/ 2015 Order Granting Toshiba America Information Exhibit 1542 Petitioner Yes 
Systems Motion to Unseal Court Orders, 
dated June 27, 2013 

04/ 23/ 2015 Lab-Volt, Pulse Modulation and Sampling, Exhibit 1543 Petitioner Yes 
Telecommunications Communications 
Technologies - January 2010 

04/23/2015 WIRELESS COMMUNICATION SYSTEMS - Exhibit 1544 Petitioner Yes 
Cam bridge University Press 201 0 

05/29/2015 Power of Attorney Power of Attorney 28 Patent Yes 
Owner 

05/29/2015 PO Supplemental Mandatory Notice Notice 29 Patent Yes 
Owner 

06/ 05/ 2015 Order - Conduct of Proceeding - 37 CFR Order 30 Board Yes 
42.5 

06/11/2015 PO Identification of Inform at ion to be Motion 31 Patent Yes 
Stricken Owner 

06/11/2015 Exhibit 3001 - Transcript of June 3, 2015 Exhibit 3001 Patent Yes 
Conference Call Owner 

06/15/2015 PO Request for Oral Argument Notice 32 Patent Yes 
Owner 

06/15/2015 Petitioners' Request for Oral Hearing Notice 33 Petitioner Yes 

06/15/2015 PO Motion to Exclude Motion 34 Patent Yes 
Owner 

06/15/2015 Ex. 2920 - PO Objections to Evidence Exhibit 2920 Patent Yes 
Submitted with Reply Owner 

06/17/2015 Order Trial Hearing Notice Notice 35 Board Yes 

06/17/2015 Power of Attorney Power of Attorney 36 Patent Yes 
Owner 

06/17/2015 Patent Owner Supplemental Mandatory Notice 37 Patent Yes 
Notice Owner 

06/18/2015 Petitioners' Response to PO's Identification Reply 38 Petitioner Yes 
of Matter to be Stricken from Petitioners' 
Reply 

07/02/2015 Petitioner's Opposition to Patent Owner's Opposition 39 Petitioner Yes 
Motion to Exclude Evidence 
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07/02/2015 

07/02/2015 

07/13/2015 

07/17/2015 

07/17/2015 

07/29/2015 

09/16/2015 

09/24/2015 

Wireless Communication Systems Exhibit 1545 

Declaration of Meera Nair Exhibit 1546 

PO Reply in support of Motion to Exclude Reply 40 

Petitioners' Updated Exhibit List - July 17, Notice 41 
2015 

Petitioners' Demonstratives Exhibit 1547 

Order - re Request for Conference Call Order 42 

Record of Oral Hearing Notice 43 

Final Written Decision Final Decision 44 
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United States Patent Trial and Appeals Board 

I PR2015-00555 

Samsung Electronics Co, Uct Vs, Rembrandt Wireless Technologies 1 LP 

This case was retrieved from the court on Friday, January 08, 2016 

C,rn~ Numb~t: I PR2015-00555 

Mli>C Civil 

Court Case Status: Not Instituted 

Case Type: I PR: Inter part es review 

Date of Decision to Institute Case: 6/19/2015 

Litigants 

Samsung Electronics Co. Ltd. 

Petitioner 

Rembrandt Wireless Technologies, LP 

PatentOwner 

File Date Details 

Technical Center Number: 2600 

Patent Application Number: 13198568 

Patent Number: 8457228 

Document Type Paper/ Exhibit 
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01/09/2015 

01/09/2015 

01/09/2015 

01/09/2015 

01/09/2015 

01/09/2015 

01/09/2015 

01/09/2015 

01/09/2015 

01/09/2015 

01/12/2015 

01/29/2015 

No. 

Petition for Inter Partes Review of U.S. Petition 
Patent No. 8,457,228 

Power of Attorney Power of Attorney 2 

Motion for Joinder to I PR2014-00892 Motion 3 

U.S. Patent No. 8,457,228 Exhibit 1301 

Complaint Exhibit 1302 

Am ended Com plaint Exhibit 1303 

U.S. Patent No. 5,706,428 (Boer) Exhibit 1304 

U.S. Patent No. 6,614,838 Exhibit 1305 

'838 June 28, 2001 Office Action Exhibit 1306 
Summary 

Oct. 1, 2001 Response Exhibit 1307 

'228 Application (as filed) Exhibit 1308 

'228 April 30, 2012 Office Action Exhibit 1309 
Summary 

October 19, 2012 Response to Office Exhibit 1310 
Action 

'228 Notice of Allowance and Fees Exhibit 1311 

'228 Request for Continued Examination Exhibit 1312 

'228 Second Notice of Allowance and Exhibit 1313 
Fees 

Infringement Contentions Exhibit 1314 

Rembrandt's Mar km an Brief Exhibit 1315 

'580 Application (as filed) Exhibit 1316 

'580 Office Action Summary Exhibit 1317 

'580 March 1, 2011 Reply Exhibit 1318 

Rembrandt Tutorial Reference Exhibit 1319 

IEEE Dictionary Exhibit 1320 

Communications Dictionary Exhibit 1321 

Mears Declaration and Upender Exhibit 1322 

Goodman Declaration (Case Exhibit 1323 
I PR2014-00892) 

U.S. Patent No. 5,537,398 (Siwiak) Exhibit 1324 

Goodman Supplemental Declaration Exhibit 1325 

Supplemental Mandatory Notice Notice 4 

Notice of Filing Date Accorded Notice of Filing Date 5 
Accorded to Petition 
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01/30/2015 
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02/16/2015 
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02/ 26/ 2015 

03/ 02/ 2015 
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03/27/2015 
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04/ 29/ 2015 

04/ 29/ 2015 

04/ 29/ 2015 

04/ 29/ 2015 

04/ 29/ 2015 

04/ 29/ 2015 

04/ 29/ 2015 

06/19/2015 

06/ 29/ 2015 

06/ 30/ 2015 

Power of Attorney Power of Attorney 6 

Related Matters Notice 7 

Order - Conduct of the Proceeding - 37 Order 8 
CFR 42.5 

PO Opposition to Joinder Opposition 9 

Ex. 2001 - Deis' Invalidity Contentions Exhibit 2001 

Ex. 2002 - Trial Transcript Exhibit 2002 

Petitioner's Reply to Opposition to Reply 10 
Motion for Joinder 

Power of Attorney Power of Attorney 11 

Petitioners Motion to Withdraw As Motion 12 -
Counsel ( I PR2015-00555) 

Petitioners_ Motion to Change Motion 13 
Designation of Lead Counsel 
( I PR2015-00555) 

Power of Attorney Power of Attorney 14 

Petitioner's Unopposed Motion for Pro Motion 15 
Hae Vice Admission of Brian P. 
Biddinger 

Order - re Petitioner's Motion to Order 16 
Withdraw Counsel 

DECISION - Petitioner's Motion for Pro Notice 17 
Hae Vice Admission of Mr. Biddinger 

Petitioners' Supplemental Mandatory Notice 18 
Notice 

Patent Owner's Preliminary Response Preliminary Response 19 

Ex. 2003 - D. Ct. Claim Construction Exhibit 2003 

Ex. 2004 - Comp. Diet. of E.E. Exhibit 2004 

Ex. 2005 - Mod. Diet. of Elec. Exhibit 2005 

Ex. 2006 - Proakis I Exhibit 2006 

Ex. 2007 - Proakis 11 Exhibit 2007 

Ex. 2008 - Gast Exhibit 2008 

Decision Denial of Institution of Inter Institution Decision 20 
Partes Revew Denial of Motion for 
Joinder 

Petitioners' Request for Refund of Notice 21 
Post-Institution Fees 

Notice of Refund Notice 22 
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United States Patent Trial and Appeals Board 

I PR2014-00893 

Samsung Electronics Co, Uct Vs, Rembrandt Wireless Technologies 1 LP 

This case was retrieved from the court on Wednesday, June 08, 2016 

C,rn~ Numb~t: I PR2014-00893 

Srnh,s: Closed 

Mli>C Civil 

Court Case Status: Final Decision 

Case Type: I PR: Inter part es review 

Date of Decision to Institute Case: 12/10/2014 

Litigants 

Samsung Electronics Co. Ltd. 

Petitioner 

Rembrandt Wireless Technologies, LP 

PatentOwner 

File Date Details 

Technical Center Number: 2600 

Patent Application Number: 13198568 

Patent Number: 8457228 

Document Type Paper/ Exhibit 
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06/ 04/ 2014 

06/04/2014 

06/ 04/ 2014 

06/ 04/ 2014 

06/ 04/ 2014 

06/18/2014 

06/ 20/ 2014 

06/20/2014 

09/18/2014 

No. 

Power of Attorney Power of 
Attorney 

Petition for Inter Partes Review of U.S. Patent Petition 2 
No. 8,457,228 

Patent US8,457,228 Exhibit 1401 

Complaint Exhibit 1402 

Am ended Com plaint Exhibit 1403 

Boer US5706428 Exhibit 1404 

Patent US6614838 Exhibit 1405 

838 June 28 2001 Office Action Summary Exhibit 1406 

Oct 1 2001 Response Exhibit 1407 

228 Application as Filed Exhibit 1408 

228 4.30.2012 Office Action Summary Exhibit 1409 

10.19.2012 OA Response Exhibit 1410 

228 Notice of Allowance and Fees Exhibit 1411 

Request for Continued Exam in at ion Transmittal Exhibit 1412 

2nd Notice of Allowance and Fees Exhibit 1413 

Infringement Contentions Exhibit 1414 

Rembrandt Mar km an Brief Exhibit 1415 

580 Application as Filed Exhibit 1416 

580 Office Act ion Summary Exhibit 1417 

580 3.1.2011 Reply Exhibit 1418 

Rembrandt Tutorial Reference Exhibit 1419 

IEEE Dictionary Exhibit 1420 

Comm uications Dictionary Master Slave Exhibit 1421 

Mears Declaration and Upender Exhibit 1422 

Goodman Declaration Exhibit 1423 

Notice of Filing Date Accorded to Petition Notice of Filing 3 
Date Accorded to 
Petition 

Power of Attorney Power of 4 
Attorney 

Related Matters Notice 5 

PO Preliminary Response Preliminary 6 
Response 
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09/18/2014 Exhibit 2801 Exhibit 2801 Patent Yes 
Owner 

09/18/2014 Exhibit 2802 Exhibit 2802 Patent Yes 
Owner 

09/18/2014 Exhibit 2803 Exhibit 2803 Patent Yes 
Owner 

09/18/2014 Exhibit 2804 Exhibit 2804 Patent Yes 
Owner 

09/18/2014 Exhibit 2805 Exhibit 2805 Patent Yes 
Owner 

09/18/2014 Exhibit 2806 Exhibit 2806 Patent Yes 
Owner 

09/18/2014 Exhibit 2807 Exhibit 2807 Patent Yes 
Owner 

10/31/2014 Supplemental Mandatory Notice Notice 7 Patent Yes 
Owner 

12/10/2014 Decision - Institution of Inter Partes Review 37 Institution 8 Board Yes 
C.F.R. 42.108 Decision 

12/10/2014 Scheduling Order Notice 9 Board Yes 

12/10/2014 Patent Owner's Supplemental Mandatory Notice 10 Patent Yes 
Notice Information Under 37 C.F.R. 42.8 Owner 

12/16/2014 Patent Owner's List of Proposed Motions Notice 11 Patent Yes 
Owner 

12/16/2014 Petitioner's List of Proposed Motions Notice 12 Petitioner Yes 

12/19/2014 ORDER Conduct of Proceeding Notice 13 Board Yes 

01/06/2015 Supplemental Mandatory Notice Notice 14 Petitioner Yes 

01/09/2015 Supplemental Mandatory Notice Notice 15 Petitioner Yes 

01/30/2015 PO Supplemental Mandatory Notice Notice 16 Patent Yes 
Owner 

02/17/2015 Patent Owner's Response Opposition 17 Patent Yes 
Owner 

02/17/2015 Exhibit 2808 Exhibit 2808 Patent Yes 
Owner 

02/17/2015 Exhibit 2809 Exhibit 2809 Patent Yes 
Owner 

02/17/2015 Exhibit 2810 Exhibit 2810 Patent Yes 
Owner 

02/17/2015 Exhibit 2811 Exhibit 2811 Patent Yes 
Owner 

02/17/2015 Exhibit 2812 Exhibit 2812 Patent Yes 
Owner 

02/17/2015 Exhibit 2813 Exhibit 2813 Patent Yes 
Owner 

02/17/2015 Exhibit 2814 Exhibit 2814 Patent Yes 
Owner 

02/17/2015 Exhibit 2815 Exhibit 2815 Patent Yes 
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Owner 

02/17/2015 Exhibit 2816 Exhibit 2816 Patent Yes 
Owner 

02/17/2015 Exhibit 2817 Exhibit 2817 Patent Yes 
Owner 

02/17/2015 Exhibit 2818 Exhibit 2818 Patent Yes 
Owner 

02/17/2015 Exhibit 2819 Exhibit 2819 Patent Yes 
Owner 

03/ 02/ 2015 Power of Attorney Power of 18 Petitioner Yes 
Attorney 

03/ 20/ 2015 Pet it ioners Motion to Withdraw As Counsel Motion 19 Petitioner Yes -
(I PR2014-00893) 

03/ 20/ 2015 Petitioners_ Motion to Change Designation of Motion 20 Petitioner Yes 
Lead Counsel (IPR2014-00893) 

03/ 20/ 2015 Power of Attorney Power of 21 Petitioner Yes 
Attorney 

03/ 25/ 2015 Petitioner's Unopposed Motion for Pro Hae Vice Motion 22 Petitioner Yes 
Admission of Brian P. Biddinger 

03/ 26/ 2015 Order Conduct of Proceedings Order 23 Board Yes 

03/27/2015 DECISION - Petitioner's Motion for Pro Hae Notice 24 Board Yes 
Vice Admission of Mr. Biddinger 

04/07/2015 Petitioners' Supplemental Mandatory Notice Notice 25 Petitioner Yes 

04/13/2015 Order - Conduct of the Proceeding - 37 CFR Order 26 Board Yes 
42.5 

04/ 23/ 2015 Petitioners' Reply In Support of Its Petition for Reply 27 Petitioner Yes 
I PR Review 

04/ 23/ 2015 Deposition Transcript of Philip J. Koopman, Jr., Exhibit 1424 Petitioner Yes 
Ph.D. 

04/ 23/ 2015 Data Network Evaluation Criteria Handbook, Exhibit 1425 Petitioner Yes 
DOT/FAA/AR-09/24 Final Report, dated June 
2009 

04/ 23/ 2015 Order Granting Motion for Fees and Costs Exhibit 1426 Petitioner Yes 
dated August 29, 2012 

04/23/2015 Deposition Transcript of Dr. Christopher Jones, Exhibit 1427 Petitioner Yes 
dated January 7, 2015 

04/ 23/ 2015 Illustration of DBPSK modulation drawn by Dr. Exhibit 1428 Petitioner Yes 
Christopher Jones at deposition in 
IPR2014-518 and IPR2014-519, January 7, 
2015 

04/ 23/ 2015 Illustration of 5 Mbps PPM/DQPSK modulation Exhibit 1429 Petitioner Yes 
drawn by Dr. Christopher Jones at deposition 
in I PR2014-518 and I PR2014-519, January 7, 
2015 

04/ 23/ 2015 Illustration of 8 Mbps PPM/DQPSK modulation Exhibit 1430 Petitioner Yes 
drawn by Dr. Christopher Jones at deposition, 
January 7, 2015 

04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn at Exhibit 1431 Petitioner Yes 
deposition, January 7, 2015 
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06/15/2015 

06/15/2015 

06/17/2015 

06/17/2015 

06/17/2015 

06/18/2015 

07/02/2015 

07/02/2015 

Illustration by Dr. Christopher Jones drawn at Exhibit 1432 
deposition, January 7, 2015 

Illustration by Dr. Christopher Jones drawn at Exhibit 1433 
deposition, January 7, 2015 

Illustration by Dr. Christopher Jones drawn at Exhibit 1434 
deposition, January 7, 2015 

Illustration by Dr. Christopher Jones drawn at Exhibit 1435 
deposition, January 7, 2015 

U.S. Patent No. 5,450,404 Exhibit 1436 

U.S. Patent No. 5,436,901 Exhibit 1437 

U.S. Patent No. 5,535,212 Exhibit 1438 

Order Granting Toshiba America Information Exhibit 1439 
Systems Motion to Unseal Court Orders dated 
June 27, 2013. 

Lab-Volt, Pulse Modulation and Sampling Exhibit 1440 
( PAM/ PWM/ PPM), Telecommunications 
Communications Technologies, at page V (Jan. 
2010) 

WIRELESS COMMUNICATION SYSTEMS - Exhibit 1441 
Cambridge University Press 2010 

Power of Attorney Power of 28 
Attorney 

PO Supplemental Mandatory Notice Notice 29 

Order - Conduct of Proceeding - 37 CFR 42.5 Order 30 

PO Identification of Information to be Stricken Motion 31 

Exhibit 3001 - Transcript of June 3, 2015 Exhibit 3001 
Conference Call 

PO Request for Oral Argument Notice 32 

Petitioners' Request for Oral Hearing Notice 33 

PO Motion to Exclude Motion 34 

Ex. 2820 - PO Objections to Evidence Exhibit 2820 
Submitted with Reply 

Order Trial Hearing Notice Notice 35 

Power of Attorney Power of 36 
Attorney 

Patent Owner Supplemental Mandatory Notice Notice 37 

Petitioners' Response to PO's Identification of Reply 38 
Matter to be Stricken from Petitioners' Reply 

Petitioner's Opposition to Patent Owner's Opposition 39 
Motion to Exclude Evidence 

Wireless Communication Systems Exhibit 1442 
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07/02/2015 

07/13/2015 

07/17/2015 

07/17/2015 

07/29/2015 

09/16/2015 

09/24/2015 

Declaration of Meera Nair Exhibit 1443 

PO Reply in support of Motion to Exclude Reply 40 

Petitioners' Updated Exhibit List - July 17, Notice 41 
2015 

Petitioners' Demonstratives Exhibit 1444 

Order - re Request for Conference Call Order 42 

Record of Oral Hearing Notice 43 

Final Written Decision Final Decision 44 

Copyright© 2019 LexisNexis Courtlink, Inc. All Rights Reserved. 
***THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY*** 

Petitioner Yes 

Patent Yes 
Owner 

Petitioner Yes 

Petitioner Yes 

Board Yes 

Board Yes 

Board Yes 

IPR2020-00036 Page 02989

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 2989



United States Patent Trial and Appeals Board 

I PR2014-00892 

Samsung Electronics Co, Uct Vs, Rembrandt Wireless Technologies 1 LP 

This case was retrieved from the court on Wednesday, June 08, 2016 

C,rn~ Numb~t: I PR2014-00892 

Srnh,s: Closed 

Mli>C Civil 

Court Case Status: Final Decision 

Case Type: I PR: Inter part es review 

Date of Decision to Institute Case: 12/10/2014 

Litigants 

Samsung Electronics Co. Ltd. 

Petitioner 

Rembrandt Wireless Technologies, LP 

PatentOwner 

File Date Details 

Technical Center Number: 2600 

Patent Application Number: 13198568 

Patent Number: 8457228 

Document Type Paper/ Exhibit 
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06/20/2014 
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09/18/2014 

No. 

Power of Attorney Power of Attorney 

Petition for Inter Partes Review of U.S. Petition 2 
Patent No. 8,457,228 

Patent 8,457,228 Exhibit 1301 

Complaint Exhibit 1302 

Am ended Com plaint Exhibit 1303 

Boer US5706428 Exhibit 1304 

Patent No. US 6,614,838 Exhibit 1305 

838 June 28 2001 Office Action Summary Exhibit 1306 

Oct 1 2001 Response Exhibit 1307 

228 Application as Filed Exhibit 1308 

228 4.30.2012 Office Action Summary Exhibit 1309 

10.19.2012 OA Response Exhibit 1310 

228 Notice of Allowance and Fees Exhibit 1311 

Request for Continued Examination Exhibit 1312 
Transmittal 

2nd Notice of Allowance and Fees Exhibit 1313 

Infringement Contentions Exhibit 1314 

Rembrandt Mar km an Brief Exhibit 1315 

580 Application as Filed Exhibit 1316 

580 Office Act ion Summary Exhibit 1317 

580 3.1.2011 Reply Exhibit 1318 

Rembrandt Tutorial Reference Exhibit 1319 

IEEE Dictionary Exhibit 1320 

Communications Dictionary Master Slave Exhibit 1321 

Mears Declaration and Upender Exhibit 1322 

Goodman Declaration Exhibit 1323 

Notice of Filing Date Accorded to Petition Notice of Filing 3 
Date Accorded to 
Petition 

Power of Attorney Power of Attorney 4 

Related Matters Notice 5 

PO Preliminary Response Preliminary 6 
Response 
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Exhibit 2701 Exhibit 2701 

Exhibit 2702 Exhibit 2702 

Exhibit 2703 Exhibit 2703 

Exhibit 2704 Exhibit 2704 

Exhibit 2705 Exhibit 2705 

Exhibit 2706 Exhibit 2706 

Exhibit 2707 Exhibit 2707 

Supplemental Mandatory Notice Notice 7 

Decision - Institution of Inter Partes Review Institution Decision 8 
37 C.F.R. 42.108 

Scheduling Order Notice 9 

Patent Owner's Supplemental Mandatory Notice 10 
Notice Information Under 37 C.F.R. 42.8 

Patent Owner's List of Proposed Motions Notice 11 

Petitioners List of Proposed Motions Notice 12 

ORDER Conduct of Proceeding Notice 13 

Petitioner Request for Rehearing Rehearing Request 14 

Supplemental Mandatory Notice Notice 15 

Supplemental Mandatory Notice Notice 16 

DECISION Request for Rehearing Notice 17 

PO Supplemental Mandatory Notice Notice 18 

Patent Owner's Response Opposition 19 

Exhibit 2708 Exhibit 2708 

Exhibit 2709 Exhibit 2709 
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03/ 20/ 2015 

03/ 20/ 2015 

03/ 20/ 2015 

03/ 25/ 2015 

03/ 26/ 2015 
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04/23/2015 

04/ 23/ 2015 

04/23/2015 

04/ 23/ 2015 

04/23/2015 

04/23/2015 
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Exhibit 2714 Exhibit 2714 

Exhibit 2715 Exhibit 2715 

Exhibit 2716 Exhibit 2716 

Exhibit 2717 Exhibit 2717 

Exhibit 2718 Exhibit 2718 

Exhibit 2719 Exhibit 2719 

Power of Attorney Power of Attorney 20 

Pet it ioners Motion to Withdraw As Counsel Motion 21 -
(I PR2014-00892) 

Petitioners_ Motion to Change Designation Motion 22 
of Lead Counsel (I PR2014-00892) 

Power of Attorney Power of Attorney 23 

Petitioner's Unopposed Motion for Pro Hae Motion 24 
Vice Admission of Brian P. Biddinger 

Order Conduct of Proceedings Order 25 

DECISION - Petitioner's Motion for Pro Hae Notice 26 
Vice Admission of Mr. Biddinger 

Petitioners' Supplemental Mandatory Notice Notice 27 

Order - Conduct of Proceeding - 37 CFR Order 28 
42.5 

Petitioners' Reply In Support of Its Petition Reply 29 
for I PR Review 

Deposition Transcript of Philip J. Koopman, Exhibit 1324 
Jr., Ph.D., dated January 13, 2015 

Data Network Evaluation Criteria Handbook, Exhibit 1325 
dated June 2009 

Order Granting Motion for Fees and Costs, Exhibit 1326 
dated August 29, 2012. 

Deposition Transcript of Dr. Christopher Exhibit 1327 
Jones, dated January 7, 2015 

Illustration of DBPSK modulation drawn by Exhibit 1328 
Dr. Christopher Jones at deposition, January 
7, 2015 

Illustration of 5 Mbps PPM/DQPSK Exhibit 1329 
modulation drawn by Dr. Christopher Jones 
at deposition, January 7, 2015 

Illustration of 8 Mbps PPM/DQPSK Exhibit 1330 
modulation drawn by Dr. Christopher Jones 
at deposition, January 7, 2015 

Illustration by Dr. Christopher Jones drawn Exhibit 1331 
at deposition, January 7, 2015 
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04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn Exhibit 1332 Petitioner Yes 
at deposition, January 7, 2015 

04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn Exhibit 1333 Petitioner Yes 
at deposition, January 7, 2015 

04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn Exhibit 1334 Petitioner Yes 
at deposition, January 7, 2015 

04/ 23/ 2015 Illustration by Dr. Christopher Jones drawn Exhibit 1335 Petitioner Yes 
at deposition, January 7, 2015 

04/23/2015 U.S. Patent No. 5,450,404 Exhibit 1336 Petitioner Yes 

04/23/2015 U.S. Patent No. 5,436,901 Exhibit 1337 Petitioner Yes 

04/23/2015 U.S. Patent No. 5,535,212 Exhibit 1338 Petitioner Yes 

04/ 23/ 2015 Order Granting Toshiba America Information Exhibit 1339 Petitioner Yes 
Systems Motion to Unseal Court Orders, 
dated June 27, 2013. 

04/ 23/ 2015 Telecommunications Communications Exhibit 1340 Petitioner Yes 
Technologies, at page V - January 2010 

04/ 23/ 2015 WIRELESS COMMUNICATION SYSTEMS - Exhibit 1341 Petitioner Yes 
Cam bridge University Press 201 0 

05/29/2015 Power of Attorney Power of Attorney 30 Patent Yes 
Owner 

05/29/2015 PO Supplemental Mandatory Notice Notice 31 Patent Yes 
Owner 

06/ 05/ 2015 Order - Conduct of Proceeding - 37 CFR Order 32 Board Yes 
42.5 

06/11/2015 PO Identification of Inform at ion to be Motion 33 Patent Yes 
Stricken Owner 

06/11/2015 Exhibit 3001 - Transcript of June 3, 2015 Exhibit 3001 Patent Yes 
Conference Call Owner 

06/15/2015 PO Request for Oral Argument Notice 34 Patent Yes 
Owner 

06/15/2015 Petitioners' Request for Oral Hearing Notice 35 Petitioner Yes 

06/15/2015 PO Motion to Exclude Motion 36 Patent Yes 
Owner 

06/15/2015 Ex. 2720 - PO Objections to Evidence Exhibit 2720 Patent Yes 
Submitted with Reply Owner 

06/17/2015 Order Trial Hearing Notice Notice 37 Board Yes 

06/17/2015 Power of Attorney Power of Attorney 38 Patent Yes 
Owner 

06/17/2015 Patent Owner Supplemental Mandatory Notice 39 Patent Yes 
Notice Owner 

06/18/2015 Petitioners' Resonse to PO's Identification of Reply 40 Petitioner Yes 
Matter to be Stricken from Petitioners' Reply 

07/02/2015 Petitioner's Opposition to Patent Owner's Opposition 41 Petitioner Yes 
Motion to Exclude Evidence 

07/02/2015 Wireless Communication Systems Exhibit 1342 Petitioner Yes 

07/02/2015 Declaration of Meera Nair Exhibit 1343 Petitioner Yes 
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07/13/2015 

07/17/2015 

07/17/2015 

07/29/2015 

09/16/2015 

09/24/2015 

PO Reply in support of Motion to Exclude Reply 42 

Petitioners' Updated Exhibit List - July 17, Notice 43 
2015 

Petitioners' Demonstratives Exhibit 1344 

Order - re Request for Conference Call Order 44 

Record of Oral Hearing Notice 45 

Final Written Decision Final Decision 46 
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United States Patent Trial and Appeals Board 

I PR2014-00891 

Samsung Electronics Co, Uct Vs, Rembrandt Wireless Technologies 1 LP 

This case was retrieved from the court on Wednesday, June 08, 2016 

Litigants 

Samsung Electronics Co. Ltd. 

Petitioner 

Rembrandt Wireless Technologies, LP 

PatentOwner 

File Date Details 

C,rn~ Numb~t: I PR2014-00891 

Mli>C Civil 

Court Case Status: Not Instituted 

Case Type: I PR: Inter part es review 

Date of Decision to Institute Case: 12/10/2014 

Technical Center Number: 2600 

Patent Application Number: 13198568 

Patent Number: 8457228 

Document Type Paper/ Exhibit Filed By 
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No. 

06/ 04/ 2014 Power of Attorney Power of Attorney Petitioner Yes 

06/ 04/ 2014 Petition for Inter Partes Review of U.S. Petition 2 Petitioner Yes 
Patent No. 8,457,228 

06/ 04/ 2014 Patent 8,457,228 Exhibit 1201 Petitioner Yes 

06/ 04/ 2014 Complaint Exhibit 1202 Petitioner Yes 

06/ 04/ 2014 Am ended Com plaint Exhibit 1203 Petitioner Yes 

06/ 04/ 2014 Draft 802. 11 Std Exhibit 1204 Petitioner Yes 

06/ 04/ 2014 802.11 Std Exhibit 1205 Petitioner Yes 

06/ 04/ 2014 Boer US5706428 Exhibit 1206 Petitioner Yes 

06/ 04/ 2014 Inform at ion Disclosure Statement Exhibit 1207 Petitioner Yes 

06/ 04/ 2014 Patent No. 6614838 Exhibit 1208 Petitioner Yes 

06/ 04/ 2014 838 June 28 2001 Office Act ion Exhibit 1209 Petitioner Yes 
Summary 

06/ 04/ 2014 Oct 1 2001 Response Exhibit 1210 Petitioner Yes 

06/ 04/ 2014 228 Application as Filed Exhibit 1211 Petitioner Yes 

06/ 04/ 2014 228 4.30.2012 Office Action Summary Exhibit 1212 Petitioner Yes 

06/ 04/ 2014 228 10.19.2012 OA Response Exhibit 1213 Petitioner Yes 

06/ 04/ 2014 228 1st Notice of Allowance and Fees Exhibit 1214 Petitioner Yes 

06/ 04/ 2014 228 Request for Continued Exam in at ion Exhibit 1215 Petitioner Yes 
Transmittal 

06/ 04/ 2014 228 2nd Notice of Allowance and Fees Exhibit 1216 Petitioner Yes 

06/ 04/ 2014 Infringement Contentions Exhibit 1217 Petitioner Yes 

06/ 04/ 2014 Rembrandt Mar km an Brief Exhibit 1218 Petitioner Yes 

06/ 04/ 2014 580 Application as Filed Exhibit 1219 Petitioner Yes 

06/ 04/ 2014 580 Office Act ion Summary Exhibit 1220 Petitioner Yes 

06/ 04/ 2014 580 3.1.2011 Reply Exhibit 1221 Petitioner Yes 

06/ 04/ 2014 Rembrandt Tutorial Reference Exhibit 1222 Petitioner Yes 

06/04/2014 IEEE Dictionary Exhibit 1223 Petitioner Yes 

06/ 04/ 2014 Comm uications Dictionary Master Slave Exhibit 1224 Petitioner Yes 

06/ 04/ 2014 O'Hara Declaration Exhibit 1225 Petitioner Yes 

06/ 04/ 2014 Cafarella US5809060 Exhibit 1226 Petitioner Yes 

06/ 04/ 2014 Bialkowiski US5574910 Exhibit 1227 Petitioner Yes 

06/ 04/ 2014 Goodman Declaration Exhibit 1228 Petitioner Yes 

06/18/2014 Notice of Filing Date Accorded to Notice of Filing Date 3 Board Yes 
Petition Accorded to Petition 

06/ 20/ 2014 Power of Attorney Power of Attorney 4 Potential Yes 
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09/18/2014 
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12/10/2014 
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03/10/2015 

03/19/2015 

Related Matters Notice 5 

PO Preliminary Response Preliminary Response 6 

Exhibit 2601 Exhibit 2601 

Exhibit 2602 Exhibit 2602 

Exhibit 2603 Exhibit 2603 

Exhibit 2604 Exhibit 2604 

Exhibit 2605 Exhibit 2605 

Exhibit 2606 Exhibit 2606 

Exhibit 2607 Exhibit 2607 

Exhibit 2608 Exhibit 2608 

Exhibit 2609 Exhibit 2609 

Exhibit 2610 Exhibit 2610 

Exhibit 2611 Exhibit 2611 

Exhibit 2612 Exhibit 2612 

Exhibit 2613 Exhibit 2613 

Supplemental Mandatory Notice Notice 7 

Decision - Denying Institution of Inter Institution Decision 8 
Partes Review 37 C.F.R. 42.108 

Patent Owner's Supplemental Notice 9 
Mandatory Notice Information Under 37 
C.F.R. 42.8 

I PR2014-00891 - Refund request Refund Request 10 

Notice of Refund Notice 11 
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United States Patent Trial and Appeals Board 

I PR2014-00890 

Samsung Electronics Co, Uct Vs, Rembrandt Wireless Technologies 1 LP 

This case was retrieved from the court on Wednesday, June 08, 2016 

C,rn~ Numb~t: I PR2014-00890 

Mli>C Civil 

Court Case Status: Not Instituted 

Case Type: I PR: Inter part es review 

Date of Decision to Institute Case: 12/10/2014 

Litigants 

Samsung Electronics Co. Ltd. 

Petitioner 

Rembrandt Wireless Technologies, LP 

PatentOwner 

File Date Details 

Technical Center Number: 2600 

Patent Application Number: 13198568 

Patent Number: 8457228 

Document Type Paper/ Exhibit 
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09/18/2014 

09/18/2014 

No. 

Power of Attorney Power of Attorney 

Petition for Inter Partes Review of U.S. Petition 2 
Patent No. 8,457,228 

Patent 8,457,228 Exhibit 1101 

Complaint Exhibit 1102 

Am ended Com plaint Exhibit 1103 

Draft 802.11 Std Exhibit 1104 

802.11 Std Exhibit 1105 

Boer US5706428 Exhibit 1106 

Inform at ion Disclosure Statement Exhibit 1107 

228 Application as Filed Exhibit 1108 

228 4.30.2012 Office Action Summary Exhibit 1109 

228 4.30.2012 Office Action Response Exhibit 1110 

228 First Notice of Allowance and Fees Exhibit 1111 
Due 

228 Request for Continued Exhibit 1112 
Examination/Transmittal 

2nd Notice of Allowance and Fees Due Exhibit 1113 

Infringement Contentions Exhibit 1114 

Rembrandt Mar km an Brief Exhibit 1115 

580 Application as Filed Exhibit 1116 

580 Office Action Summary Exhibit 1117 

580 3.1.2011 Reply Exhibit 1118 

Rembrandt Tutorial Reference Exhibit 1119 

IEEE Dictionary Exhibit 1120 

Commuications Dictionary Master Slave Exhibit 1121 

O'Hara Declaration Exhibit 1122 

Goodman Declaration Exhibit 1123 

Notice of Filing Date Accorded to Petition Notice of Filing Date 3 
Accorded to Petition 

Power of Attorney Power of Attorney 4 

Related Matters Notice 5 

PO Preliminary Response Preliminary 6 
Response 

Exhibit 2501 Exhibit 2501 
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Exhibit 2506 Exhibit 2506 

Exhibit 2507 Exhibit 2507 

Exhibit 2508 Exhibit 2508 

Exhibit 2509 Exhibit 2509 

Exhibit 2510 Exhibit 2510 

Exhibit 2511 Exhibit 2511 

Exhibit 2512 Exhibit 2512 

Exhibit 2513 Exhibit 2513 

Supplemental Mandatory Notice Notice 7 

Decision - Denying Institution of Inter Institution Decision 8 
Partes Review 37 C.F.R. 42.108 

Patent Owner's Supplemental Mandatory Notice 9 
Notice Information Under 37 C.F.R. 42.8 

I PR2014-00890 - Refund request Refund Request 10 

Notice of Refund Notice 11 
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Negative Treatment 

Negative Direct History 

The KeyCited document has been negatively impacted in the following ways by events or decisions in the same 
litigation or proceedings: 

~ 1. SYSTEM AND METHOD OF COMMUNICATION USING AT LEAST TWO MODULATION METHODS 

US PAT 8457228, U.S. PTO Utility, June 04, 2013 

Ruled Unpatentable in Part by 

2. SAMSUNG ELECTRONICS CO. LTD., SAMSUNG ELECTRONICS AMERICA, INC .. SAMSUNG 
TELECOMMUNICATIONS AMERICA, LLC, AND SAMSUNG AUSTIN SEMICONDUCTOR LLC, PETITIONER, 
v. REMBRANDT Vv'IRELESS TECHNOLOGIES, LP, PATENT O\NNER. 

2015 WL 5719795 , Patent Tr. & App. Bd. , Sep. 24, 2015 

ANO Ruled Unpatentable in Part by 

3. SAMSUNG ELECTRONICS CO. LTD., SAMSUNG ELECTRONICS AMERICA, INC., SAMSUNG 
TELECOMMUNICATIONS AMERICA. LLC, AND SAMSUNG AUSTIN SEMICONDUCTOR, LLC, PETITIONER, 
v. REMBRANDT \/\JIRELESS TECHNOLOGIES, LP, PATENT O\/VNER. 

2015 WL 5719796 , Patent Tr. & App. Bd. , Sep. 24, 2015 

ANO Ruled Unpatentable in Part by 

4. SAMSUNG ELECTRONICS CO. LTD., SAMSUNG ELECTRONICS AMERICA, INC., SAMSUNG 
TELECOMMUNICATIONS ,,\MERICA, LLC, ANO SAMSUNG AUSTIN SEMICONDUCTOR, LLC, PETITIONER, 
v. REMBRANDT WIRELESS TECHNOLOGIES, LP, PATENT OWNER. t.~~®.~ 

2015 WL 5719797 , Patent Tr. & App. Bd. , Sep. 24, 2015 

-···-••:,:·· .. _.·_ 
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APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

90/013,809 09/12/2016 

6449 7590 01/08/2019 

ROTHWELL, FIGG, ERNST & MANBECK, P.C. 
607 14th Street, N.W. 
SUITE 800 
WASHINGTON, DC 20005 

8457228 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

3277-0114US-RXM2 

CONFIRMATION NO. 

7821 

EXAMINER 

WEA VER. SCOTT LOUIS 

ART UNIT PAPER NUMBER 

3992 

MAIL DATE DELIVERY MODE 

01/08/2019 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

DO NOT USE IN PALM PRINTER 

(THIRD PARTY REQUESTER'S CORRESPONDENCE ADDRESS) 

ROPES & GRAY LLP 
IPRM DOCKETING- FLOOR 43 
PRUDENTIAL TOWER 
800 BOYLSTON STREET 
BOSTON, MA 02199-3600 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

EX PARTEREEXAMINATION COMMUNICATION TRANSMITTAL FORM 

REEXAMINATION CONTROL NO. 90/013,809. 

PATENT UNDER REEXAMINATION 8457228. 

ART UNIT 3992. 

Enclosed is a copy of the latest communication from the United States Patent and Trademark 
Office in the above identified ex parte reexamination proceeding (37 CFR 1.550(f)). 

Where this copy is supplied after the reply by requester, 37 CFR 1.535, or the time for filing a 
reply has passed, no submission on behalf of the ex parte reexamination requester will be 
acknowledged or considered (37 CFR 1.550(g)). 
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Control No. 
90/013,809 

Patent Under Reexamination 
8457228 

Notice of Intent to Issue 
Ex Parle Reexamination Certificate Examiner 

SCOTT L WEAVER 
Art Unit 
3992 

AIA Status 
No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

1. 0 Prosecution on the merits is (or remains) closed in this ex parte reexamination proceeding. This proceeding is 
subject to reopening at the initiative of the Office or upon petition. Cf 37 CFR 1 .313(a). A Certificate will be issued in 
view of 
(a) 0 Patent owner's communication(s) filed: 21 December 2018. 
(b) D Patent owner's failure to file an appropriate timely response to the Office action mailed: __ . 
(c) D Patent owner's failure to timely file an Appeal Brief (37 CFR 41.31 ). 
(d) D The decision on appeal by the D Board of Patent Appeals and Interferences D Court dated __ 

(e) 0 Other: __ . 

2. The Reexamination Certificate will indicate the following: 
(a) Change in the Specification: D Yes 0 No 
(b) Change in the Drawing(s): D Yes 0 No 
(c) Status of the Claim(s): 

(1) Patent claim(s) confirmed: 21. 
(2) Patent claim(s) amended (including dependent on amended claim(s)): 
(3) Patent claim(s) canceled: __ . 
(4) Newly presented claim(s) patentable: __ . 
(5) Newly presented canceled claims: __ . 
(6) Patent claim(s) D previously D currently disclaimed: __ 
(7) Patent claim(s) not subject to reexamination: 4,6-9,24,30,32-35,42 and 44-46. 

3. DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

4. 0 Note the attached statement of reasons for patentability and/or confirmation. Any comments considered necessary 
by patent owner regarding reasons for patentability and/or confirmation must be submitted promptly to avoid 
processing delays. Such submission(s) should be labeled: "Comments On Statement of Reasons for Patentability 
and/or Confirmation." 

5. 0 Note attached NOTICE OF REFERENCES CITED (PTO-892). 

6. 0 Note attached LIST OF REFERENCES CITED (PTO/SB/08 or PTO/SB/08 substitute). 

7. D The drawing correction request filed on __ is: • approved • disapproved. 

8. D Acknowledgment is made of the priority claim under 35 U.S.C. § 119(a)-(d) or (f). 
a) D All b) D Some* c) • None of the certified copies have 

• been received. 
Onot been received. 
Obeen filed in Application No. __ . 
Obeen filed in reexamination Control No. __ 
Obeen received by the International Bureau in PCT Application No. __ . 

* Certified copies not received: __ . 

9. D Note attached Examiner's Amendment. 

10. D Note attached Interview Summary (PTO-474). 

11.0 Other: __ 

All correspondence relating to this reexamination proceeding should be directed to the Central Reexamination Unit at 
the mail, FAX, or hand-carry addresses qiven at the end of this Office action. 
/Scott L. Weaver/ /Stephen Stein/ Nuzhen Ge/ 
Primary Examiner, Art Unit 3992 MQAS, CRU Primary Examiner, Art Unit 3992 

cc: Requester (if third party requester) 
U.S. Patent and Trademark Office 
PTOL-469 (Rev. 08-13) Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20181228 
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Application/Control Number: 90/013,809 
Art Unit: 3992 

REEXAMINATION OF U.S. PATENT 8,457,228 

Notice of Intent to Issue a Reexamination Certificate (NIRC) 

Page 2 

This NIRC addresses the ex parte reexamination of U.S. Patent No. 8,457,228 ("the '228 Patent). 

I. PATENTABLE/CONFIRMED SUBJECT MATTER 

Claim 21 is confirmed. Below is the reason for the confirmation: 

As acknowledged by the Patent Owner, the 8,457,228 Patent expired on December 5, 2018. 
The patent term of the Patent 8,457,228 is effected by the Terminal Disclaimers filed in 
application 13/198,568 on October 19, 2012 disclaiming the terminal part of the statutory term of 
any patent granted on the instant application which would extend beyond the expiration date of 
the full statutory term of prior patent No. 6,614,838 and of prior patent No. 8,023,580. 

Therefore, the broadest reasonable interpretation of claim terms reciting "the second modulation 
method being of a different type than the first modulation method" as relied on in the prior office 
action is no longer considered the appropriate interpretation for the claim in this reexamination 
proceeding. 

The Federal Circuit, in Rembrandt Wireless Technologies v. Samsung Electronics Co., 853 15 
F.3d 1370, 1375-77 (Fed. Cir. 2017), applied a Phillips claim construction and determined that 
the limitation 'modulation method of a different type' in claim 21 required at least two "different 
families of modulation techniques, such as the FSK family of modulation methods and the QAM 
family of modulation methods." Id. at 1377. And likewise in related Patent No. 8,023,580, the 
claim limitations, including the "at least two types of modulation methods" or "different types of 
modulation method," is now interpreted under Phillips v. AWH Corp., 415 F.3d 1303, 1316, 75 
USPQ2d 1321, 1329 (Fed. Cir. 2005). 

Because the prior art on the record does not teach the first and second modulation methods being 
of 'different types of modulation methods' which are interpreted as different families of 
modulation techniques such as the FSK family of modulation methods and the QAM family of 
modulation methods, claims 21 is confirmed. 

II. Status of Claims 

Claim 21 is subject of the instant 90/013,809 Reexamination Proceeding. 

Claim 21 is confirmed patentable. 

Claims 1-3, 5, 10-20, 22-23, 25-29, 31, 36-41, 43, and 47-52 are canceled in the certificate issued 
December 13, 2016 as result of the Decision in IPR2014-00892. 

Claims 4, 6-9, 24, 30, 32-35, 42, and 44-46 were not subject to reexamination. 
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III. CONCLUSION 

Page 3 

The patent owner is reminded of the continuing responsibility under 37 CFR l.565(a) to apprise 
the Office of any litigation activity, or other prior or concurrent proceeding, involving the instant 
'228 patent throughout the course of this reexamination proceeding. 

Any third party requester is also reminded of the ability to similarly apprise the Office of any 
such activity or proceeding throughout the course of this reexamination proceeding. See MPEP 
§§ 2207, 2282 and 2286. 

Extensions of time under 37 CFR l .136(a) do not apply in reexamination proceedings. The 
provisions of 37 CFR 1.136 apply only to "an applicant" and not to parties in a reexamination 
proceeding. Further, in 35 U.S.C. 305 and in 37 CFR l.550(a), it is required that reexamination 
proceedings "will be conducted with special dispatch within the Office." 
All correspondence relating to this ex parte reexamination proceeding should be directed: 

By Mail to: 

Mail Stop Ex Parte Reexam 
Central Reexamination Unit 
Commissioner for Patents 
United States Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

By FAX to: 

(571) 273-9900 
Central Reexamination Unit 

By hand: 

Customer Service Window 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

Registered users of EFS-Web may alternatively submit such correspondence via the electronic 
filing system EFS-Web, at https://efs.uspto.gov/efile/myportal/efs-registered. EFS-Web offers 
the benefit of quick submission to the particular area of the Office that needs to act on the 
correspondence. Also, EFS-Web submissions are "soft scanned" (i.e., electronically uploaded) 
directly into the official file for the reexamination proceeding, which offers parties the 
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opportunity to review the content of their submissions after the "soft scanning" process is 
complete. 

Page 4 

Any inquiry concerning this communication or earlier communications from the examiner, or as 
to the status of this proceeding, should be directed to the Central Reexamination Unit at 
telephone number (571) 272-7705. 

/Scott L. Weaver/ 
Primary Examiner, Art Unit 3992 

Conferees: 
/YUZHEN GE/ 
Primary Examiner, Art Unit 3992 

/Stephen Stein/ 
MQAS 
CRU 
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01/03/2019 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Ex Parte Reexamination of Group Art Unit: 3992 

Gordon F. BREMER 

Patent No.: 8,457,228 Control No.: 90/013,809 

Issued: June 4, 2013 

Reexam Request Filed: September 12, 2016 

For: SYSTEM AND METHOD OF COMMUNICATION USING AT LEAST TWO 
MODULATION METHODS 

Mail Stop Ex Parte Reexam 
ATTN: Central Reexamination Unit 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

RESPONSE TO FINAL OFFICE ACTION 

In this above-referenced reexamination of claim 21 of U.S. Patent No. 8,457,228 ("the 

'228 Patent"), the Office issued a final Office action on November 5, 2018 ("FOA"). This 

Response to the FOA is timely-filed, i.e., within the two-month period from the mailing date of 

the FOA. Thus, this Response includes a request to extend the shortened statutory period for an 

additional two months, i.e., to March 5, 2019. See MPEP § 2265(VII). 

Notice of Expiration of U.S. Patent No. 8,457,228 

Rembrandt submits this response to notify the Office that the '228 Patent expired on 

December 5, 2018, a fact that impacts the reexamination in that it requires a claim construction 

under Phillips v. AWH Corp., 415 F.3d 1303, 1316, 75 USPQ2d 1321, 1329 (Fed. Cir. 2005), 

and one consistent with the Federal Circuit's previous construction of claim 21 of the '228 Patent 

and claims 2 and 59 of its parent, U.S. Patent No. 8,023,580 ("the '580 Patent"). The Office's 

present construction under the broadest reasonable interpretation cannot stand. 
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In view of the '228 Patent's expiration, Rembrandt requests that the Office (1) construe 

claim 21, including the "at least two types of modulation methods" limitations, under Phillips, 

(2) confirm the patentability of claim 21 under that construction, and (3) issue a NIRC consistent 

with this determination, as the Office has now done in the parent case U.S. Patent No. 8,023,580 

(also under reexamination). 

The proper claim construction of the '228 Patent under Phillips is a question of law that 

was finally and conclusively resolved in Rembrandt's favor by the Federal Circuit in Rembrandt 

Wireless Technologies v. Samsung Electronics Co., 853 F.3d 1370, 1375-77 (Fed. Cir. 2017) -

an appeal brought by Samsung (the Requestor of this reexamination). The criticisms raised by 

the Office to Rembrandt's construction of "different types" were raised by the Requestor and 

were rejected by the Federal Circuit. As a result, the proper construction of the '228 Patent 

under Phillips is now settled law, and the Office is required to apply the Federal Circuit's claim 

construction going forward in this matter. See, e.g., In re CSE-System International, 832 F.3d 

1335, 1341 (Fed. Cir. 2016 ("When a patent expires during a reexamination proceeding, the PTO 

should thereafter apply the Phillips standard for claim construction."). The court in CSE-System 

cited Facebook, Inc. v. Pragmatus AV, LLC, 582 Fed. Appx. 864, 868-69 (Fed. Cir. 2014) and 

noted that the court in Facebook "appl[ied] the Phillips standard when patent expired after the 

Board's reexamination decision pending appeal to the Federal Circuit." 832 F.3d at 1341; MPEP 

§ 2258(I)(G) ("In a reexamination proceeding involving claims of an expired patent, claim 

construction pursuant to the principle set forth by the court in Phillips v. AWH Corp., 415 F .3d 

1303, 1316, 75 USPQ2d 1321, 1329 (Fed. Cir. 2005) ... should be applied since the expired 

claim are not subject to amendment. ... "). 
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In the related district court litigation, Rembrandt Wireless Technologies v. Samsung 

Electronics Co., 853 F.3d 1370, 1375-77 (Fed. Cir. 2017), both the district court and the Federal 

Circuit applied a Phillips claim construction and determined that the limitation "modulation 

method [] of a different type" in claim 21 required at least two "different families of modulation 

techniques, such as the FSK family of modulation methods and the QAM family of modulation 

methods." Id at 1377. The Office in this reexamination and the Board in the related IPRs 

refused to construe "modulation method[] of a different type" to require at least two "different 

families of modulation techniques." Instead, it construed the claims under an alleged "broadest 

reasonable interpretation" and determined that their construction did not require at least two 

"different families of modulation techniques." Given that the '228 Patent has expired, 

application of the broadest reasonable interpretation is no longer proper and cannot stand. Thus, 

Rembrandt respectfully requests that the outstanding rejections be reconsidered in light of the 

expiration of the '228 Patent and of the proper construction of "at least two different types" to 

require at least two "different families of modulation techniques," as Rembrandt previously 

requested prior to the '228 Patent's expiration. See, e.g., Rembrandt's August 14, 2017 

Response to the May 3, 2017 non-final Office action ("August 14 Response"), at 50-52, 59-69; 

Claim Construction Order (Exhibit C to Response) and Akl Declaration, ,i,i 18-27 (submitted 

with and cited in the Response). 

Additionally, Rembrandt submits the Declaration of Dr. Christopher R. Jones (Ex. 2714 

in IPR2014-00892) (attached as Ex. A), in which Dr. Jones explains why the modulation 

methods disclosed in Boer do not satisfy the limitations of claim 21 that require different 

modulation types ( ones that are not in the same family), when properly construed under Phillips. 
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Jones Deel. ,-i,i 28-41, 44, & 55-62. Dr. Jones' testimony regarding Boer would apply with at 

least equal force to the disclosure of BPSK and QPSK in Snell and Harris. 

The Office's NIRC in the Reexamination of the Parent Patent No. 8,023,580 

In a NIRC dated December 21, 2018, the Office confirmed the patentability of all the 

claims under reexamination in the parent patent, U.S. Patent No. 8,023,580 ("the' 580 Patent"), 

which also expired on December 5, 2018. The NIRC acknowledges that "the broadest 

reasonable interpretation of claim terms is no longer proper for the claims" in the '580 

reexamination. Id at 2. It further acknowledges that the claim limitations "including the 'at 

least two types of modulation methods' or 'different types of modulation method,' should be 

interpreted under Phillips v. AWH Corp., 415 F.3d 1303, 1316 ... (Fed. Cir. 2005)." Id 

The NIRC then explains that the Federal Circuit had "applied a Phillips claim 

construction and determined that the limitation 'modulation of a different type' in claims 2 and 

59 required at least two 'different families of modulation techniques, such as the FSK family of 

modulation methods and the QAM family of modulation methods."' Id The same holds true for 

claim 21 of the '228 Patent, as the Federal Circuit determined. See Rembrandt Wireless 

Technologies v. Samsung Electronics Co., 853 F.3d 1370,passim (Fed. Cir. 2017) (construing 

the term in both the '580 and '228 Patents). Based on that construction, the Office concluded: 

"Because the prior art on the record does not teach different types of modulation methods as 

different families of modulation techniques such as the FSK family of modulation methods and 

the QAM family of modulation methods, claims 2 and 59 [of the '580 Patent] are confirmed." 

Id For the same reason, the Office should confirm the patentability of claim 21 of the '228 

Patent, as the prior art ofrecord in the '228 reexamination does not teach the different types of 
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modulation methods required when construed as it must be construed under Phillips and Federal 

Circuit law. 

Conclusion 

Given the expiration of the '228 Patent, the Federal Circuit's claim construction under 

Phillips of different types of modulation methods, and the Office's determination in the '580 

reexamination, Rembrandt respectfully requests that the Office withdraw its rejections of claim 

21 in the '228 reexamination and issue a NIRC, consistent with its action it the '580 

reexamination. 

Any fee required for this submission may be charged to Counsel's Deposit Account 

Number 02-2135. 

Date: December 21, 2018 

Respectfully submitted, 

By: /Michael V. Battaglia/ 
Michael V. Battaglia, Reg. No. 64,932 
ROTHWELL, FIGG, ERNST 
& MANBECK, P.C. 

607 14th Street, N.W., Suite 800 
Washington, DC 20005 
Phone:202-783-6040 
Facsimile: 202-783-6031 

Attorney for Petitioner 
Rembrandt Wireless Technologies, LP 

cc: Nancy J. Linck, Ph.D. 
Counsel for Rembrandt Wireless Technologies, LP 

5 IPR2020-00036 Page 03020

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 3020



Bibliographic Data 

Application No: 90/013,809 

Foreign Priority claimed: 0 Yes 

35 USC 119 (a-d) conditions met: 0Yes 

@No 

~No 

Verified and Acknowledged: I /Scott L. Weaver/ 

Examiner's Signature 

D Met After Allowance 

Initials 

Title: SYSTEM AND METHOD OF COMMUNICATION USING AT 
LEAST TWO MODULATION METHODS 

FILING or 371(c) DATE 

09/12/2016 

RULE 

APPLICANTS 

INVENTORS 

8457228 

CLASS 

375 

GROUP ART UNIT ATTORNEY DOCKET NO. 

3992 3277-0114US-RXM2 

REMBRANDT WIRELESS TECHNOLOGIES, LP ARLINGTON, VA, UNITED STATES 

SAMSUNG ELECTRONICS CO., LTD. (3RD PTY REQ.) GYEONGGI-DO, KOREA, REPUBLIC OF 

SAMSUNG ELECTRONICS AMERICA, INC. (3RD PTY REQ.) RIDGEFIELD PARK, NJ, UNITED STATES 

CONTINUING DATA 

This application is a REX of 13198568 08/04/2011 PAT 8457228 

13198568 is a CON of 12543910 08/19/2009 PAT 8023580 

12543910 is a CON of 11774803 07/09/2007 PAT 7675965 

11774803 is a CON of 10412878 04/14/2003 PAT 7248626 

10412878 is a CIP of09205205 12/04/1998 PAT 6614838 

09205205 has PRO of 60067562 12/05/1997 

FOREIGN APPLICATIONS 

IF REQUIRED, FOREIGN LICENSE GRANTED** 

STATE OR COUNTRY 

ADDRESS 

ROTHWELL, FIGG, ERNST & MANBECK, P.C. 

607 14th Street, N.W. 

SUITE 800 

WASHINGTON, DC 20005 

UNITED STATES 

FILING FEE RECEIVED 

IPR2020-00036 Page 03021

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 3021



$12,000 

IPR2020-00036 Page 03022

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 3022



I 1111111111111111 11111 1111111111 lllll lllll 111111111111111 111111111111111111 
US008457228C 1 

c12) EX PARTE REEXAMINATION CERTIFICATE (11450th) 
United States Patent (10) Number: us 8,457,228 Cl 
Bremer (45) Certificate Issued: *Jan. 28, 2019 

(54) SYSTEM AND METHOD OF 
COMMUNICATION USING AT LEAST TWO 
MODULATION METHODS 

(75) Inventor: Gordon F. Bremer, Clearwater, FL 
(US) 

(73) Assignee: REMBRANDT WIRELESS 
TECHNOLOGIES, LP, Arlington, VA 
(US) 

Reexamination Request: 
No. 90/013,809, Sep. 12, 2016 

Reexamination Certificate for: 
Patent No.: 8,457,228 
Issued: Jun. 4, 2013 
Appl. No.: 13/198,568 
Filed: Aug. 4, 2011 

( *) Notice: This patent is subject to a terminal dis
claimer. 

(63) 

(60) 

(51) 

Related U.S. Application Data 

Continuation of application No. 12/543,910, filed on 
Aug. 19, 2009, now Pat. No. 8,023,580, which is a 
continuation of application No. 11/774,803, filed on 
Jul. 9, 2007, now Pat. No. 7,675,965, which is a 
continuation of application No. 10/412,878, filed on 
Apr. 14, 2003, now Pat. No. 7,248,626, which is a 
continuation-in-part of application No. 09/205,205, 
filed on Dec. 4, 1998, now Pat. No. 6,614,838. 

Provisional application No. 60/067,562, filed on Dec. 
5, 1997. 

Int. Cl. 
H04L 5112 
H04L5/14 

(2006.01) 
(2006.01) 

H04L 25102 
H04L 1120 
H04L 27100 

(2006.01) 
(2006.01) 
(2006.01) 

(52) U.S. Cl. 
CPC H04L 511453 (2013.01); H04L 11206 

(2013.01); H04L 2510262 (2013.01); H04L 
2710008 (2013.01) 

(58) Field of Classification Search 

(56) 

CPC ... H04W 84/20; H04L 5/1453; H04L 27/0008 
See application file for complete search history. 

References Cited 

To view the complete listing of prior art documents cited 
during the proceeding for Reexamination Control Number 
90/013,809, please refer to the USPTO's public Patent 
Application Information Retrieval (PAIR) system under the 
Display References tab. 

Primary Examiner - Scott L. Weaver 

(57) ABSTRACT 

A device may be capable of communicating using at least 
two type types of modulation methods. Methods and sys
tems are provided for communication of data according to a 
communications method in which a master transceiver com
municates with one or more slave transceivers according to 
a master/slave relationship. A first data message may include 
first information and second information that are modulated 
according to a first modulation method. The second infor
mation may include lower data rate data. A second data 
message may include third information that may be modu
lated according to the first modulation method and that may 
indicate an impending change to a second modulation 
method. The second modulation method may be used for 
transmitting fourth information, and the fourth information 
may be included in the second message. The fourth infor
mation may include higher data rate data, for example 
Internet access data. 

.......... ,,,.,,,,,,,,,, ____ ~_ 
~ ''j~,f,,.._,#'.::,.. ;.,,t.,~j,,1='.a~r .. ,.· ~ . ·ry~ -r~- .Mtr~t:;\;;_!;3~!r>. i ""f'fP,1 A t .. -f~y,J:uja:::i'.<._;;r~ !: 

~- T(~):~~>~~ Si:g,;~?:i ) _(.:,;~;~:;,:~~;'A;,{~(':~·,, ... ' l ___________ r_~:Y-_!~_s_ir_:i:::_.i _~e:_T_r-r:_-~:_A_T_.n_}-:~ 
,,,,_,,,,,,_,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,h,,,,,,,,,,,,,,,,,,,,,, _,,,,,,,,,_,._, . .f 

Tri7.i. f~ t:4(/-.:!.:;.L:s~i~;::~ 
!).~~ 5~zn~ ;0• T~p:-; ~ ·n~o:o w~~?: T1/fA n ~,:Hj-~·~ 

I ;;;;~:·;,·;~;;;;i;~~;·;t~ !i 

j T~~J~~rii ti:~,t::it! ~ 

IPR2020-00036 Page 03023

Rembrandt Wireless 
Ex. 2012 
Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00034 
Page 3023



US 8,457,228 Cl 
1 

EXPARTE 
REEXAMINATION CERTIFICATE 

NO AMENDMENTS HAVE BEEN MADE TO 
THE PATENT 

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 

The patentability of claim 21 is confirmed. 
Claims 1-3, 5, 10-20, 22-23, 25-29, 31, 36-41, 43 and 

47-52 were previously cancelled. 
Claims 4, 6-9, 24, 30, 32-35, 42 and 44-46 were not 

reexamined. 

* * * * * 

10 

15 

2 
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