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RESOURCE ALLOCATION SYSTEM AND METHOD FOR DETERMINISTIC TRAFFIC

Field of the Invention .

This invention generally relates to the field of wireless communications. More specifically to resource
allocation systems and methods for broadband mobile wireless metropolitan area networks including networks
operating according to the IEEE 802.16(e) standard.

Background of the Invention7

In the current 802.16e standard draft (p802.16e/D5), the downlink / uplink (DL/UL) resource assignments are
indicated by DL/UL map information elements (IEs) in the DL/UL-MAP message. The current resource
assignmentis performed on the frame-by-framebasis.

For services, like unsolicited grant service (UGS)andreal-time polling service (rtPS), the data arriving arriving
at the transmitter (i.e. BS for DL and MSS for UL) has certain deterministic patterns and in certain cases may
also be stream-like. For these types oftraffic, if resource assignment has to be performed on a frame-by-frame
basis, large amounts of MAC overhead will be incurred.

A need exists therefore for improved systems and methods for resource allocation for handling deterministic
traffic. .

SS
Copy provided by USPTO from the IFW Image Database on 05/12/2005
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Summary of the Invention

It is an object of the invention to simplify the resource assignment for UGS and rtPS, to reduce unnecessary
MACoverhead.

It is an object of the invention to provide a resource allocation system and methodfor use in networks operating
in accordance with the IEEE 802.16 standard.

Further objects of the invention include provide the following:
* e ADL MAP IE - According to this aspect of the invention the dedicated resource allocation IE may

allocate dedicated DL resource for a certain period of time. Such an allocation may be de-allocated or
modified at any time

* A UL MAP IE - According to this aspect of the invention the Dedicated resource allocation IE may
allocate dedicated UL resource for a certain period of time. Such an allocation may be de-allocated and
modified at any time

&

It is a further object of the invention to provide a resource allocation system and method wherein if a dedicated
DLresource is defined as a DL region in every N“ frame and assigned to a MSS, the MSS may decode this
dedicated channel until the end of the assignment period or until receiving a Dedicated resource IE for the de-
allocation. In addition to the dedicated resource, additional DL resource mayalso be allocated by using normal
DL MAPIE if the dedicated resource is not enough to send the buffered data.

It is a further object of the invention to provide a resource allocation system and method wherein if a dedicated
UL resource is defined as a UL region in every N" frame and assigned to a MSS, the MSS may transmit UL
data on this dedicated channel until the end of the assignment period or until receiving Dedicated resource IE
for the de-allocation. In addition to the dedicated resource, some extra UL resource may also be allocated by
using normal DL MAPIE if the MSS requires some extra UL resource.

It is another object of the invention to provide for the powerefficient operation of MSSs, wherein the MSS
monitors the DL/UL-MAP messages in the frame where the MSS needs to decode data on the DL dedicated
resource or needs to send data using the UL dedicated resource. In this case, the extra resource allocation
happens in such a frame. In accordance with an embodiment of the invention the MSS monitors only the
DL/UL-MAP messages in the frame where the MSS needs to decode data on the DL dedicated resource or
needs to send data using the UL dedicated resource.

It is another object of the invention that DL/UL modulation and coding schemes (called DIUC and UIUC
respectively) may be changed in a slow fashion. The modification may be based on long term C/{ statistics.

 ——
Copy provided by USPTOfrom the IFW Image Database on 05/12/2005
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Brief Description of the Figures

Figure 1 is a block representation of a cellular communication system,
Figure 2 is a block representation of a base station according to one embodimentofthe present invention,

Figure 3 is a block representation of a mobile terminal according to one embodimentofthe present invention.

Figure 4 is a logical breakdown of an OFDMtransmitter architecture according to one embodimentofthe

present invention.

Figure 5 is a logical breakdown of an OFDMreceiverarchitecture according to one embodimentof the present
invention.

Figure 6 illustrates a pattern of sub-carriers for carrying pilot symbols in an OFDM environment.

Detailed Description of Embodiments of the Invention

The following modification is based on IEEE standard p802.16e/D5 which is hereby incorporated by reference.

In accordance with embodiments of the invention dedicated resource allocation information elements (TEs) are
described.

In accordance with an embodimentof the invention Table 1 provides a DL MAP IE format that may be used by
a Basestation (BS) to allocate dedicate DL resource allocation to one or more MSSes and to de-
allocation/modify an existing allocation

Copy provided by USPTO from the IFW Image Database on 05/12/2005
9
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Table 1 — Dedicated resource allocation [E format

|CSyntaxCdSeCN
|Dedicated_resource_allocationEO|CTC“(C:CSCSCid

|LengthtCCC—C“‘d‘S(tSCidLengthinbytes

| i<Num_Allocations;it++)
Pe
|cmCidts

Duration(d) 3 bits The allocation is valid for 10 x 2°
frame starting from the next frame
If d ==0b000, the dedicated
allocation is de-allocated

If d == Oblil, the dedicated
resource shall be valid until the BS
commands to  de-allocate the

dedicated allocation

 

 
 

 |_ifd@'s000)
NEcnQO
[DUCC(i‘“C;s*é‘~*C‘HS
|___OFDMAsymboloffset—s|8bitsCdCC“C:C“‘“NNCOCOC#C(C(C‘idC

Subchannel_offset f6bits
|_Boostng=—“é‘i‘SCS
|_No.OFDMAsymbols—ss*([8bitsCTC—C(i‘“C‘“‘C:sSCSCsiszr
|_No.subchannelsCfSitsCT
|___RepetitionCodingIndication|2bits|

to a MSSin every 2th frame

PO

PO
»

.Wherein:

Num_Allocations
Numberofallocations in this IE

Duration(d)
The allocation is valid for 10 x 2° frames starting from the next frame
If d ==0b000, the dedicated allocation is de-allocated
If d == Obi1l, the dedicated resource is valid until the BS commands to de-allocate the
dedicated allocation

 

Period(p)
The DL resource region is dedicated to a MSS in every 2’th frame

5
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In accordance with an embodimentof the invention Table 2 shows an UL MAP IE format that may be used by a
BSto allocate dedicated UL resource allocations to one or more Mobile Subscriber Stations (MSSs) and to de-
allocate/modify an existing allocation.

Table 2 — Dedicated resourceallocation [E format

Syntax

|Dedicated_resource_allocationIEQ[|i(i‘“‘;‘*LSOOOOOUUUOC‘C(RRNCC‘éz
[ExendedUIUC«dSSSC~C~“~*~‘~irOOSSC“‘CN#NON#N#C#C#®S

For

i<Num_Allocations;i++)

Duration(d) i The allocation is valid for 10 x 2°
framestarting from the next frame _
If d ==0b000, the dedicated
allocation is de-allocated

If d = ObliL, the dedicated
resource shall be valid until the BS

commands to de-allocate the

dedicated allocation

If (d!=000 
}

Wherein:

Num_Allocations
Numberofallocations in this IE

Duration(d)
Theallocation is valid for 10 x 2° frames starting from the next frame
If d ==0b000,the dedicated allocation is de-allocated

6

 Copy provided by USPTO from the IFW Image Database on 05/12/2005
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If d == Ob111, the dedicated resource is valid until the BS commands to de-allocate the
dedicated allocation

Period(p) 2
The UL resource regionis dedicated to a MSS in every 2°th frame =,

With reference to Figure 1, a base station controller (BSC) 10 controls wireless communications within multiple

cells 12, which are served by corresponding basestations (BS) 14. In general, each basestation 14 facilitates
communications using OFDM with mobile terminals 16, which are within the cell 12 associated with the

correspondingbase station 14. The movementof the mobile terminals 16 in relation to the base stations 14

results in significant fluctuation in channel conditions. Asillustrated, the base stations 14 and mobile terminals

16 may include multiple antennas to provide spatial diversity for communications.

A high level overview of the mobile terminals 16 and base stations 14 of the present invention is provided prior

to delving into the structural and functional details of the preferred embodiments. With reference to Figure 2, a

base station 14 configured according to one embodimentof the present inventionis illustrated. The base

station 14 generally includes a control system 20, a baseband processor 22, transmit circuitry 24, receive

circuitry 26, multiple antennas 28, and a network interface 30. The receive circuitry 26 receives radio

frequency signals bearing information from one or more remote transmitters provided by mobile terminals 16

(illustrated in Figure 3). Preferably, a low noise amplifier andafilter (not shown) cooperate to amplify and

remove broadband interference from the signal for processing. Downconversion and digitization circuitry (not

shown) will then downconvert the filtered, received signal to an intermediate or baseband frequency signal,

which is then digitized into one or more digital streams.

The baseband processor 22 processes the digitized received signal to extract the information or data bits

conveyedin the received signal. This processing typically comprises demodulation, decoding, and error

correction operations. As such, the baseband processor 22 is generally implemented in one or moredigital

signal processors (DSPs) or application-specific integrated circuits (ASICs). The received information is then

sent across a wireless network via the network interface 30 or transmitted to another mobile terminal 16

serviced by the base station 14.

On the transmit side, the baseband processor 22 receives digitized data, which may represent voice, data, or

control information, from the network interface 30 under the control of control system 20, and encodes the data

for transmission. The encoded data is output to the transmit circuitry 24, where it is modulated by a carrier

7
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signal having a desired transmit frequency or frequencies. A power amplifier (not shown) will amplify the

modulated carrier signal to a level appropriate for transmission, and deliver the modulated carrier signal to the

antennas 28 through a matching network (not shown). Modulation and processing details are described in

greater detail below.

With reference to Figure 3, a mobile terminal 16 configured according to one ernbodimentof the present

invention is illustrated. Similarly to the base station 14, the mobile terminal 16 will include a control system 32,

a baseband processor34, transmit circuitry 36, receive circuitry 38, multiple antennas 40, and user interface

circuitry 42, The receive circuitry 38 receives radio frequencysignals bearing information from one or more

base stations 14. Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and remove

broadband interference from the signal for processing. Downconversion and digitization circuitry (not shown)

will then downconvert the filtered, received signal to an intermediate or baseband frequency signal, which is

then digitized into one or more digital streams.

The baseband processor 34 processes the digitized received signal to extract the information or data bits
conveyed in the received signal. This processing typically comprises demodulation, decoding, and error

correction operations, as will be discussed on greater detail below. The baseband processor 34 is generally

implemented in one or more digital signal processors (DSPs) and application specific integrated circuits

(ASICs).

For transmission, the baseband processor 34 receives digitized data, which may represent voice, data, or control

information, from the control system 32, which it encodes for transmission. The encoded data is output to the

transmit circuitry 36, where it is used by a modulator to modulate a carrier signalthat is at a desired transmit

frequency or frequencies. A power amplifier (not shown) will amplify the modulated carrier signal to a level

‘appropriate for transmission, and deliver the modulated carrier signal to the antennas 40 through a matching

network (not shown). Various modulation and processing techniques available to those skilled in the art are

applicable to the present invention.

In OFDM modulation, the transmission band is divided into multiple, orthogonal carrier waves. Each carrier
wave is modulated accordingto the digital data to be transmitted. Because OFDM divides the transmission

band into multiple carriers, the bandwidth per carrier decreases and the modulation time per carrier increases.

Since the multiple carriers are transmitted in parallel, the transmission rate for the digital data, or symbols, on

any given carrier is lower than whena single carrier is used.
8
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OFDM modulation requires the performance of an Inverse Fast Fourier Transform (IFFT) on the information to

be transmitted. For demodulation, the performance of a Fast Fourier Transform (FFT) on the receivedsignalis

required to recover the transmitted information. In practice, the IFFT and FFT are provided by digital signal

processing carrying out an Inverse Discrete Fourier Transform (IDFT) and Discrete Fourier Transform (DFT),

respectively. Accordingly, the characterizing feature of OFDM modulation is that orthogonal carrier waves are -

generated for multiple bandswithin a transmission channel. The modulatedsignals are digital signals having a

relatively low transmission rate and capable of staying within their respective bands. The individual carrier
waves are not modulated directly by the digital signals. Instead, all carrier waves are modulated at once by

IFFT processing.

In the preferred embodiment, OFDMis used for at least the downlink transmission from the base stations 14 to

the mobile terminals 16,|Each basestation 14 is equipped with n transmit antennas 28, and each mobile

terminal 16 is equipped with m receive antennas 40. Notably, the respective antennas can be used for reception

and transmission using appropriate duplexers or switches and are so labeled only for clarity.

With reference to Figure 4, a logical OFDM transmission architecture is provided according to one

embodiment. Initially, the base station controller 10 will send data to be transmitted to various mobile

terminals 16 to the base station 14. The base station 14 may use the CQIs associated with the mobile terminals

to schedule the data for transmission as well as select appropriate coding and modulation for transmitting the

scheduled data. The CQIs may be directly from the mobile terminals 16 or determinedat the base station 14

based on information provided by the mobile terminals 16. In either case, the CQI for each mobile terminal 16

is a function of the degree to which the channel amplitude (or response) varies across the OFDM frequency

band.

The scheduled data 44, whichis a stream ofbits, is scrambled in a manner reducing the peak-to-average power

ratio associated with the data using data scrambling logic 46. A cyclic redundancy check (CRC)for the

scrambled data is determined and appendedto the scrambled data using CRC adding logic 48. Next, channel

coding is performed using channel encoderlogic 50 to effectively add redundancyto the data to facilitate

recovery and error correction at the mobile terminal 16. Again, the channel coding for a particular mobile

terminal 16 is based on the CQI. The channel encoder logic 50 uses known Turbo encoding techniques in one

embodiment. The encoded data is then processed by rate matching logic 52 to compensate for the data

expansion associated with encoding.

Copy provided by USPTO from the IFW Imana Natahace pr NOAA
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Bit interleaver logic 54 systematically reorders the bits in the encoded data to minimize the loss of consecutive

data bits. The resultant data bits are systematically mapped into corresponding symbols depending on the

chosen baseband modulation by mapping logic 56. Preferably, Quadrature Amplitude Modulation (QAM)or

Quadrature Phase Shift Key (QPSK) modulation is used. The degree of modulation is preferably chosen based

on the CQIfor the particular mobile terminal. The symbols may be systematically reordered to further bolster

the immunityof the transmitted signal to periodic data loss caused by frequencyselective fading using symbol

interleaver logic 58.

At this point, groups of bits have been mapped into symbols representing locations in an amplitude and phase

constellation. When spatial diversity is desired, blocks of symbols are then processed by space-time block

code (STC) encoder logic 60, which modifies the symbols in a fashion making the transmitted signals more

resistant to interference and more readily decoded at a mobile terminal 16. The STC encoderlogic 60 will

process the incoming symbols and provide x outputs corresponding to the number of transmit antennas 28 for

the base station 14. The control system 20 and/or baseband processor 22 will provide a mapping control signal
to control STC encoding. At this point, assume the symbols for the n outputs are representative of the data to

be transmitted and capable of being recovered by the mobile terminal 16. See A.F. Naguib, N. Seshadri, and

A.R. Calderbank, “Applications of space-time codes and interference suppression for high capacity and high

data rate wireless systems,” Thirty-Second Asilomar Conference on Signals, Systems & Computers, Volume 2,

pp. 1803-1810, 1998, which is incorporated herein by referencein its entirety.

For the present example, assume the base station 14 has two antennas 28 (n=2) and the STC encoderlogic 60

provides two output streams of symbols. Accordingly, each of the symbol streams output by the STC encoder

logic 60 is sent to a corresponding IFFT processor 62, illustrated separately for ease of understanding. Those©

skilled in the art will recognize that one or more processors may be used to provide such digital signal

processing, alone or in combination with other processing described herein. The IFFT processors 62 will

preferably operate on the respective symbols to provide an inverse Fourier Transform. The output of the IFFT

processors 62 provides symbols in the time domain. The time domain symbols are grouped into frames, which

are associated with a prefix by like insertion logic 64. Each of the resultant signals is up-converted in the

digital domain to an intermediate frequency and converted to an analog signal via the corresponding digital up-

conversion (DUC) and digital-to-analog (D/A) conversion circuitry 66. The resultant (analog) signals are then

simultaneously modulated at the desired RF frequency, amplified, and transmitted via the RF circuitry 68 and

antennas 28. Notably, pilot signals known by the intended mobile terminal 16 are scattered among the sub-
10
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carriers. The mobile terminal 16, which is discussed in detail below,will use the pilot signals for channel

estimation.

Reference is now madeto Figure5toillustrate reception of the transmitted signals by a mobile terminal 16.

Uponarrival of the transmitted signals at each of the antennas 40 of the mobile terminal 16, the respective

Signals are demodulated and amplified by corresponding RF circuitry 70. For the sake of conciseness and

clarity, only one of the two receive paths is described andillustrated in detail. Analog-to-digital (A/D)

converter and down-conversion circuitry 72 digitizes and downconverts the analog signal for digital processing.
Theresultant digitized signal may be used by automatic gain control circuitry (AGC) 74 to control the gain of
the amplifiers in the RF circuitry 70 based on the received signal level.

Initially, the digitized signal is provided to synchronization logic 76, which includes coarse synchronization

logic 78, which buffers several OFDM symbols and calculates an auto-correlation between the two successive

OFDM symbols. A resultant time index corresponding to the maximum ofthe correlation result determines a

fine synchronization search window,whichis used by fine synchronization logic 80 to determine a precise

frarning starting position based on the headers. The outputof the fine synchronization logic 80 facilitates

frame acquisition by frame alignmentlogic 84. Proper framing alignment is important so that subsequent FFT

processing provides an accurate conversion from the time to the frequency domain. The fine synchronization

algorithm is based on the correlation between the received pilot signals carried by the headers and a local copy

of the knownpilot data, Once frame alignment acquisition occurs, the prefix of the OFDM symbol is removed

with prefix removal logic 86 and resultant samples are sent to frequency offset correction logic 88, which

compensates for the system frequency offset caused by the unmatched local oscillators in the transmitter and the

receiver. Preferably, the synchronization logic 76 includes frequency offset and clock estimation logic 82,

which is based on the headers to help estimate such effects on the transmitted signal and provide those

estimations to the correction logic 88 to properly process OFDM symbols.

Atthis point, the OFDM symbols in the time domain are ready for conversion to the frequency domain using

FFT processing logic 90. The results are frequency domain symbols, which are sent to processing logic 92.

The processing logic 92 extracts the scattered pilot signal using scattered pilot extraction logic 94, determines a

channel estimate based on the extracted pilot signal using channel estimation logic 96, and provides channel

responses forall sub-carriers using channel reconstruction Iogic 98. In order to determine a channel response

for each of the sub-carriers, the pilot signal is essentially multiple pilot symbols that are scattered among the

data symbols throughout the OFDM sub-carriers in a known pattern in both time and frequency. Figure 6
. 11 ,

Copy provided by USPTO from the IFW Imaue Database on NAMD/onnAg |
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illustrates an exemplary scattering of pilot symbols among available sub-carriers over a given time and

frequency plot inan OFDM environment. Continuing with Figure 5, the processing logic compares the

received pilot symbols with the pilot symbols that are expected in certain sub-carriers at certain times to

determine a channel responsefor the sub-carriers in which pilot symbols were transmitted. The results are

interpolated to estimate a channel response for most,ifnot all, of the remaining sub-carriers for which pilot

symbols were not provided. The actual and interpolated channel responses are used to estimate an overall

channel response, which includes the channel responses for most, if not all, of the sub-carriers in the OFDM

channel,

The frequency domain symbols and channel reconstruction information, which are derived from the channel

responsesfor each receive path are provided to an STC decoder 100, which provides STC decoding on both

received paths to recover the transmitted symbols. The channel reconstruction information provides

equalization information to the STC decoder 100 sufficient to remove the effects of the transmission channel

when processing the respective frequency domain symbols

The recovered symbols are placed back in order using symbol de-interleaver logic 102, which corresponds to

the symbolinterleaver logic 58 of the transmitter. The de-interleaved symbols are then demodulated or de-

mapped to a corresponding bitstream using de-mapping logic 104. The bits are then de-interleaved using bit

de-interleaver logic 106, which correspondsto the bit interleaver logic 54 of the transmitter architecture. The

de-interleaved bits are then processed by rate de-matching logic 108 and presented to channel decoder logic 110

to recoverthe initially scrambled data and the CRC checksum. Accordingly, CRC logic 112 removes the CRC

checksum, checks the scrambled data in traditional fashion, and providesit to the de-scrambling Jogic 114 for
de-scrambling using the knownbasestation de-scrambling code to recover the originally transmitted data 116.

“In parallel to recovering the data 116, a CQI,orat least information sufficient to create a CQIat the base station

14, is determined and transmitted to the base station 14. As noted above, the CQI in a preferred embodimentis

“a function ofthe carrier-to-interference ratio (CIR), as well as the degree to which the channel response varies

across the various sub-carriers in the OFDM frequency band. For this embodiment, the channel gain for each

sub-carrier in the OFDM frequencyband being used to transmit information are comparedrelative to one

another to determine the degree to which the channel gain varies across the OFDM frequency band. Although

numerous techniques are available to measure the degree of variation, one techniqueis to calculate the standard

deviation of the channel gain for each sub-carrier throughout the OFDM frequency band being used to transmit

data.

12
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WE CLAIM:

“at

A method comprising:
Provisioning a plurality of frames for transmission to a terminal, said plurality of frames including
resources;

Wherein for at least two frames said resourcesare allocated together

A method comprising:
Provisioning a plurality of frames for transmission to a basestation, said plurality of frames including
resources;

Wherein for at least two frames said resources are allocated together

13
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FEEDBACK HEADER SYSTEMS AND METHODS

Field of the Invention

This invention generally relates to the field of wireless communications. More specifically to uplink feedback
Media Access Control (MAC) header systems and methods for broadband mobile wireless metropolitan area
networks including networks operating according to the IEEE 802.16(e) standard.

Backgroundof the Invention

In general, optimized downlink (DL) operations require feedback from an associated Mobile Subscriber Station
(MSS). Those types of feedbacks include DL channel quality indication (CQD feedback, DL MIMO (multiple
input multiple output) mode and permutation selection, physical channel report, etc. There are also other
feedbacks related to the uplink (UL) operation, such as MSS’ UL transmit power headroom etc. The Mode
Selection Feedback MAC header(as defined in 802.16e standard draft, p802.16e/D5) is one way of allowing an
MSSto provide various feedback to the basestation (BS) on the UL.

In the current 802.16e standard draft (p802.16e/D5), two methods are described for a MSSto provide feedback
on the UL. One methodis to assign a dedicated UL feedback channel to the MSS. This dedicated channel can be
used to provide CQI and other feedback in time-division-multiplex fashion. Another methad is to use the Mode
Selection Feedback MAC header (as defined in section 6.3.2.1.4 of p802.16e/D5). The Mode Selection
Feedback header method enables a MSS to feedback more information at one time.

The Mode Selection feedback header can be used in the following scenarios when feedback information needs
to be sent by a MSS:

* Scenario 1: a MSS can autonomously send the Mode Selection Feedback header to the BS by sending a
bandwidth request ranging code and then send the header after receiving a CDMA_Allocation Information
Element(IE).

e Scenario 2: BS can poll a MSS to send the required feedback and then the MSSsends the required feedback
on the Mode Selection Feedback header.

¢ Scenario 3: a MSS can autonomously send the Mode Selection Feedback header to BS by sending the
header along with ULtraffic.

Aneedexists therefore for an improved feedback header.

In particular, with respect to scenario 2, in the current p802.16d/D5 standard draft, the DL FAST_FEEDBACK
subheader can be used by the BS to poll a MSSto provide up to four types of feedbacks. To support various
MIMOchannel related feedback, and feedback to support UL operation, however, additional feedback types
need to be defined. Also, a new polling signaling format needs to be defined to accommodate more than the
existing four types of feedback.

In some scenarios, ¢.g., scenario 2 and 3, the CID (connection ID) is redundant since the Feedback header will
be sent by a MSSin a dedicated channel.

20
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Another problem is that the MAC header size current defined in the 802.16e draft standard is fixed at 48 bits. If
the feedback contentfield size is small, therefore, a significant number ofbits in the header are un-utilized.

21
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Summaryof the Invention
 

It is an object of the invention to remove the 16-bit CID field from a mode selection feedback MACheader and
use the bit space for sending more feedback information in some scenarios.

It is another object of the invention to provide a feedback header system and method that can be used in
accordance with the IEEE 802.16 standard.

It is another object of the invention to provide a feedback header system and methodthat is operable to:
1) support the option of CID field omission, thus more bit space is available to provide feedback

information;

2) support additional types of feedback;
3) support multiple feedback types and associated content concatenated into the same feedback header

It is another object of the invention to provide a Feedback Polling Information Element (IE) (an IE including a
control signaling sent from the BS to the MSS) to enable a BS to request a MSS to provide various types of
feedback, in addition to the existing DL FAST_FEEDBACKsub-headerpolling method.

It is another object of the invention to provide a feedback header system and method thatif the feedback content
field size is small, the feedback header size may reduced to less than 48bits.

It is another object of the invention to provide a reduced sized mode selection feedback MAC header system
and method wherein the feedback MAC Header may be used when the MSStransmits the feedback header on
unicast UL resource assigned by the BS. According to one embodimentof the invention the MAC headeris
half-sized (24-bit). According to another embodiment of the invention said feedback MAC Header may include:

e the CID field in the normal feedback header being omitted
® when sent alone without any other UL MAC PDU, Feedback MAC header may be duplicated to

form a 48-bit block that enhancesthe reliability of the feedback.

It is another object of the invention to provide additional feedback types and feedback contents that can be sent
by the MSSon the UL, through said reduced sized mode selection feedback MAC header.

ee————————————————eee
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Brief Description of the Figures

Figure 1(a) is a block diagram of a feedback header system and method in accordance with an embodimentof
the invention

Figure 1(b) is a block diagram of a feedback header system and method in accordance with another embodiment
of the invention

Figure 2 is a block diagram of a feedback header system and methodin accordance with another embodimentof
the invention.

Figure 3 is a block representation of a cellular communication system.

Figure 4 is a block representation of a base station according to one embodimentof the present invention.

Figure 5 is a block representation of a mobile terminal according to one embodimentof the present invention.

Figure 6 is a logical breakdown of an OFDMtransmitter architecture according to one embodimentof the

present invention.

Figure 7 is a logical breakdown of an OFDM receiverarchitecture according to one embodiment of the present

invention.

Figure 8 illustrates a pattern of sub-carriers for carrying pilot symbols in an OFDM environment.

Detailed Description of Embodiments of the Invention

The following modification is based on JEEE standard p802.16e/D5 which is hereby incorporated by reference.

For scenarios 2 and 3 described above in the backgroundofthe invention, since the header is sent using unicast
ULresource assigned by the BS, the connection identifier (CID) field in the existing Mode Selection Feedback
header is redundant since the unicast UL resource uniquely identifies the MSS. Thus, the 16-bit CID field in
the header can be removed and the bit space used for sending more feedback information.

“In accordance with an embodimentofthe invention Figure 1 shows a Mode Selection Feedback PDU (protocol
data unit) including a Feedback header. In accordance with another embodiment of the invention, Mode

«Selection Feedback PDU does not contain a payload. A PDU in accordance with embodiments of the
invention are shown with and without a CID field in Figures 1(a) and (b) respectively.

In accordance with an embodiment of the invention Feedback header (Figure 1) includes the following
properties:

a) The length of the header is 6 bytes.
b) The HTfield is set to 1 and the EC field is set to 1, indicating the feedback header type.
c) The N/M field (Normal feedback header/Mini feedback header indication) as described below is set to 0

to indicate that this is a norma! sized Feedback header

23
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d) The Feedback Type field is set according to Table 7b.
e) The Ci field (CID Inclusion Indication) is set to O for the header with CID field and set to 1 for the

header without CID field.

f) The Feedback Contentfield shall be set accordingly based on the value of the feedback typefield.

In accordance with an embodiment of the invention Feedback header (Figure 1) is used by MSS to provide
feedback(s). A Mss receiving a Feedback header on the downlink discards the PDU.-

Feedback types in accordance with embodiments of the invention are shownin Table 1.

Table 1 -- Feedback Type and feedback content

Feedback Type Feedback contents Description

ObO000 Set as described in table 296a. MIMO mode and permutation.
Feedback

coefficients (5 bits, 8.4.5.4.10.6)

feedback

Ta

0b0101 Preferred DIUC(4 bits) + UL-TX- PHY channel feedback
Power(7 bits) + UL-headroom (6
bits) (see Table 7a

Ob0110 Number of groups, A (2 bits)+A CQIs of antenna groups“me|occurrences of ‘group index (2
bits) + CQI (GS bits)’

ObO111 Number of bands, B (2 bits) + B Multiple Band of CQI
occurences of ‘band index (6 bits)
+ CQI (5 bits)’

0b1000 Number of feedback types, C (2 Multiple types of feedback
bits) + C occurences of ‘feedback
type (4bits) + feedback content
(variable

0b100i-0b1111|Reservedfor future use

  
  

 

 
 

  
  

 
  

 
 
   

 
  

Table 2 shows an a Feedback Polling IE format in accordance with an embodimentof the invention.

This TE may be used by BS to allocate dedicated UL resource to obtain certain types of feedback from one or
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more MSS.

Table 2 — Feedback_polling IE format #

Feedback polling IE

Extended UMUC

for (i=0;i< Num Allocations: i++

ee

|UIUC—“(twis‘“(s*‘“s‘sCsCS
|__Feedback_type ee Table 7b

Allocation_offset bits

is O-8 frame delay relative to

wrentframe.
InOFDMA slots (see 8.4.3.1—ee__——_Pp

BO Pp

 HEeee
According to another embodiment of the invention there is provided a feedback header of reduced size.
According to one embodiment of the invention this reduced size Feedback PDU includes a Mini Feedback
header and does not contain a payload. A reduced size feedback header in accordance with an embodimentof
the invention is shown in Figure 2.

According to one embodiment of the invention a reduced size feedback header may have the following
properties:

g) The length of the headeris 3 bytes.
h) The HT field is set to 1 and the EC field is set to 1, which indicates the feedback headertype.
i) The N/M field (Normal feedback header/Mini feedback header indication) is set to 1 to indicate that this

is a half-sized Feedback header

j) The Feedback Typefield is set according to Table 7b.
. k) The Feedback Contentfield is set based on the value of the feedback typefield.

Table 3 presents feedback types and feedback content in accordance with an embodimentof the invention.

Table 3 Feedback Type and feedback content

25
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— _—

Ob0000 Set as described in table 296a. MIMO mode and_permutation.
Feedback

coefficients (5 bits, 8.4.5.4.10.6

feedback

Ta)
0b0101 Preferred DIUC(4 bits) + UL-TX- PHYchannel feedback

Power(7 bits) + UL-headroom (6
bits) (see Table 7a

0b0110 Numberof groups, A (2 bits) +A CQIs of antenna groups
occurrences of ‘group index (2
bits) + CQI (5 bits)’

0b0111 Number of bands, B (2 bits) + B
occurences of ‘band index (6 bits)
+ CQI (5 bits)’

0b1000 Number of feedback types, C (2 Multiple types of feedback
bits) + C occurences of ‘feedback
type (4bits) + feedback content
variable)’

Qb1001-Ob1i11 |Reservedforfumreuse|

When a MSSsends feedback header on unicast UL resource, the MSS may decide the size of the feedback
header (i.e. Normal Feedback Header or reduced sized Feedback Header) based on the feedback type and the
amount of information to feed back.

   
  
  

  
  

 

 

 
  
 

 
  

 

 
 
  

 

With reference to Figure 3, a base station controller (BSC) 10 controls wireless communications within multiple

. cells 12, which are served by corresponding base stations (BS) 14. In general, each basestation 14 facilitates

communications using OFDM with mobile terminals 16, which are within the cel] 12 associated with the

” corresponding base station 14. The movement of the mobile terminals 16 in relation to the base stations 14

results in significant fluctuation in channel conditions. Asillustrated, the base stations 14 and mobile terminals

16 may include multiple antennas to provide spatial diversity for communications.

A high level overview of the mobile terminals 16 and base stations 14 of the present invention is provided prior

to delving into the structural and functional details of the preferred embodiments. With reference to Figure 4, a
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base station 14 configured according to one embodiment ofthe present inventionis illustrated. The base

station 14 generally includes a control system 20, a baseband processor 22, transmit circuitry 24, receive

circuitry 26, multiple antennas 28, and a network interface 30. The receive circuitry 26 receives radio

frequency signals bearing information from one or more remote transmitters provided by mobile terminals 16

(illustrated in Figure 5). Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and

remove broadbandinterference from the signal for processing. Downconversion anddigitization circuitry (not

shown) will then downconvert the filtered, received signal to an intermediate or baseband frequencysignal,

which is then digitized into one or more digital streams.

The baseband processor 22 processes the digitized received signal to extract the information or data bits

conveyedin the received signal. This processing typically comprises demodulation, decoding, and error

correction operations. As such, the baseband processor 22 is generally implemented in one or more digital

signal processors (DSPs) or application-specific integrated circuits (ASICs). The received information is then

sent across a wireless network via the network interface 30 or transmitted to another mobile terminal 16

serviced by the base station 14.

On the transmit side, the baseband processor 22 receives digitized data, which may represent voice, data, or

control information, from the network interface 30 under the control of control system 20, and encodesthe data

for transmission. The encoded data is output to the transmitcircuitry 24, where it is modulated by a carrier

signal having a desired transmit frequency or frequencies. A power amplifier (not shown) wil! amplify the

modulated carrier signal to a level appropriate for transmission, and deliver the modulated carrier signal to the

antennas 28 through a matching network (not shown). Modulation and processing details are described in

greater detail below.

With reference to Figure 5, a mobile terminal 16 configured according to one embodimentof the present

inventionis illustrated. Similarly to the base station 14, the mobile terminal 16 will include a control system 32,

a baseband processor 34, transmit circuitry 36, receive circuitry 38, multiple antennas 40, and user interface

circuitry 42, The receive circuitry 38 receives radio frequency signals bearing information from one or more

base stations 14. Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and remove

broadband interference from the signal for processing. Downconversion and digitization circuitry (not shown)
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will then downconvert the filtered, received signal to an intermediate or baseband frequency signal, which is

then digitized into one or more digital streams.

The baseband processor 34 processesthe digitized received signal to extract the information ordata bits

conveyed in the received signal. This processing typically comprises demodulation, decoding, and error

correction operations, as will be discussed on greater detail below. The baseband processor 34 is generally

implemented in one or more digital signal processors (DSPs) and application specific integrated circuits

(ASICS).

For transmission, the baseband processor 34 receives digitized data, which may represent voice, data, or control

information, from the control system 32, which it encodes for transmission. The encoded data is output to the

transmit circuitry 36, where it is used by a modulator to modulate a carrier signal thatis at a desired transmit

frequency or frequencies. A power amplifier (not shown) will amplify the modulated carrier signal to a level

appropriate for transmission, and deliver the modulated carrier signal to the antennas 40 through a matching

network (not shown). Various modulation and processing techniques available to those skilled in the art are

applicable to the present invention.

In OFDM modulation, the transmission bandis divided into multiple, orthogonal carrier waves. Each carrier

wave is modulated accordingto the digital data to be transmitted. Because OFDM divides the transmission

band into multiple carriers, the bandwidth per carrier decreases and the modulation time per carrier increases.

Since the multiple carriers are transmitted in parallel, the transmission rate for the digital data, or symbols, on

any given carrier is lower than when a single carrier is used.

- OFDM modulation requires the performance of an Inverse Fast Fourier Transform (IFFT) on the information to

be transmitted. For demodulation, the performance of a Fast Fourier Transform (FFT) on the received signal is

" required to recoverthe transmitted information. In practice, the IFFT and FFT are providedby digital signal
processing carrying out an Inverse Discrete Fourier Transform (IDFT) and Discrete Fourier Transform (DFT),

respectively. Accordingly, the characterizing feature of OFDM modulationis that orthogonal carrier waves are

generated for multiple bands within a transmission channel. The modulated signals are digital signals having a

relatively low transmission rate and capable of staying within their respective bands. The individual carrier

28

Ramu nenvided hue HGDTO fram the IFW imane Database nn NSMone
33



34

Attorney Docket No. 17399ROUSO1P

waves are not modulated directly by the digital signals. Instead, all carrier waves are modulated at once by

IFFT processing.

In the preferred embodiment, OFDM isused for at least the downlink transmission from the base stations 14 to

the mobile terminals 16.|Each basestation 14 is equipped with m transmit antennas 28, and each mobile

terrninal 16 is equipped with m receive antennas 40. Notably, the respective antennas can be used for reception

and transmission using appropriate duplexers or switches and are so labeled only forclarity.

With reference to Figure 6, a logical OFDM transmission architecture is provided according to one

embodiment. Initially, the base station controller 10 will send data to be transmitted to various mobile

terminals 16 to the base station 14. The base station 14 may use the CQIs associated with the mobile terminals

to schedule the data for transmission as well as select appropriate coding and modulation for transmitting the

scheduled data. The CQIs maybe directly from the mobile terminals 16 or determined at the base station 14

based on information provided by the mobile terminals 16. In either case, the CQI for each mobile terminal 16

is a function of the degree to which the channel amplitude (or response) varies across the OFDM frequency

band.

The scheduled data 44, which is a stream of bits, is scrambled in a manner reducing the peak-to-average power
ratio associated with the data using data scrambling logic 46. A cyclic redundancy check (CRC)for the

scrambled data is determined and appendedto the scrambled data using CRC adding logic 48. Next, channel

coding is performed using channel encoder logic 50 to effectively add redundancyto the data to facilitate

recovery and error correction at the mobile terminal 16. Again, the channel coding for a particular mobile

terminal 16 is based on the CQJ. The channel encoder logic 50 uses known Turbo encoding techniques in one

- embodiment. The encoded data is then processed by rate matching logic 52 to compensate for the data

expansion associated with encoding.

Bit interleaver logic 54 systematically reorders the bits in the encoded data to minimize the loss of consecutive

data bits. The resultant data bits are systematically mapped into corresponding symbols depending on the

chosen baseband modulation by mapping logic 56. Preferably, Quadrature Amplitude Modulation (QAM)or

Quadrature Phase Shift Key (QPSK) modulation is used. The degree of modulation is preferably chosen based

on the CQIfor the particular mobile terminal. The symbols may be systematically reordered to further bolster
29
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the immunity of the transmitted signal to periodic data loss caused by frequency selective fading using symbol

interleaver logic 58.

At this point, groups of bits have been mapped into symbols representing locations in an amplitude and phase

constellation. When spatial diversity is desired, blocks of symbols are then processed by space-time block

“code (STC) encoder logic 60, which modifies the symbols in a fashion making the transmitted signals more
resistant to interference and more readily decoded at a mobile terminal 16. The STC encoder logic 60 will

‘process the incoming symbols and provide n outputs corresponding to the numberof transmit antennas 28 for
the base station 14. The control system 20 and/or baseband processor 22 will provide a mapping control signal

to control STC encoding. At this point, assume the symbols for the n outputs are representative of the data to

be transmitted and capable of being recovered by the mobile terminal 16. See A.F. Naguib, N. Seshadri, and

A.R. Calderbank, “Applications of space-time codes and interference suppression for high capacity and high

data rate wireless systems,” Thirty-Second Asilomar Conference on Signals, Systems & Computers, Volume2,

pp. 1803-1810, 1998, which is incorporated herein by referencein its entirety.

For the present example, assumethe basestation 14 has two antennas 28 (7=2) and the STC encoderlogic 60

provides two output streams of symbols. Accordingly, each of the symbol streams output by the STC encoder

logic 60 is sent to a corresponding IFFT processor62, illustrated separately for ease of understanding. Those

skilled in the art will recognize that one or more processors may be used to provide such digital signal

processing, alone or in combination with other processing described herein. The IFFT processors 62 will

preferably operate on the respective symbols to provide an inverse Fourier Transform. The output of the IFFT

processors 62 provides symbols in the time domain. The time domain symbols are grouped into frames, which

are associated with a prefix by like insertion logic 64. Each of the resultant signals is up-converted in the

digital domain to an intermediate frequency and converted to an analog signal via the corresponding digital up-
1

conversion (DUC) anddigital-to-analog (D/A) conversion circuitry 66. The resultant (analog) signals are then

simultaneously modulated at the desired RF frequency, amplified, and transmitted via the RF circuitry 68 and

antennas 28. Notably, pilot signals known by the intended mobile terminal 16 are scattered among the sub-

carriers. The mobile terminal 16, which is discussed in detail below, will use the pilot signals for channel

estimation.
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Reference is now madeto Figure7 toillustrate reception of the transmitted signals by a mobile terminal 16.

Uponarrival of the transmitted signals at each of the antennas 40 of the mobile terminal 16, the respective
signals are demodulated and amplified by corresponding RF circuitry 70. For the sake of conciseness and

clarity, only one of the two receive paths is described andillustrated in detail. Analog-to-digital (A/D)

converter and down-conversion circuitry 72 digitizes and downconverts the analog signal for digital processing.

Theresultant digitized signal may be used by automatic gain control circuitry (AGC) 74 to control the gain of

the amplifiers in the RF circuitry 70 based on the received signal level.

Initially, the digitized signal is provided to synchronization logic 76, which includes coarse synchronization

logic 78, which buffers several OFDM symbols and calculates an auto-correlation between the two successive

OFDM symbols. A resultant time index corresponding to the maximum of the correlation result determines a

fine synchronization search window, whichis used by fine synchronization logic 80 to determine a precise

framing starting position based on the headers. The output of the fine synchronization logic 80 facilitates

frame acquisition by frame alignment logic 84. Proper framing alignment is important so that subsequent FFT
processing provides an accurate conversion from the time to the frequency domain. The fine synchronization

algorithm is based on the correlation between the received pilot signals carried by the headers and a local copy

of the knownpilot data. Once frame alignment acquisition occurs, the prefix of the OFDM symbol is removed

with prefix removal logic 86 and resultant samples are sent to frequency offset correction logic 88, which

compensates for the system frequency offset caused by the unmatchedlocaloscillators in the transmitter and the

receiver. Preferably, the synchronization logic 76 includes frequency offset and clock estimation logic 82,

which is based on the headers to help estimate such effects on the transmitted signal and provide those

estimations to the correction logic 88 to properly process OFDM symbols.

Atthis point, the OFDM symbols in the time domain are ready for conversion to the frequency domain using

FFT processing logic 90. The results are frequency domain symbols, which are sent to processing logic 92.

” The processing logic 92 extracts the scattered pilot signal using scattered pilot extraction logic 94, determines a

 
channel estimate based on the extracted pilot signal using channel estimation logic 96, and provides channel

responses for all sub-carriers using channel reconstruction logic 98. In order to determine a channel response

for each of the sub-carriers, the pilot signal is essentially multiple pilot symbols that are scattered among the

data symbols throughout the OFDM sub-carriers in a knownpattern in both time and frequency. Figure 8

illustrates an exemplary scattering of pilot symbols amongavailable sub-carriers over a given time and
31
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frequency plot in an OFDM environment. Continuing with Figure 7, the processing logic compares the

received pilot symbols with the pilot symbols that are expected in certain sub-carriers at certain times to

determine a channel response for the sub-carriers in which pilot symbols were transmitted. The results are

interpolated to estimate a channel response for most,if not all, of the remaining sub-carriers for which pilot

symbols were not provided. The actual and interpolated channel responses are used to estimate an overall

“channel response, which includes the channel responses for most, if not all, of the sub-carriers in the OFDM

channel.

The frequency domain symbols and channel reconstruction information, which are derived from the channel

responses for each receive path are provided to an STC decoder 100, which provides STC decoding on both

received paths to recover the transmitted symbols. The channel reconstruction information provides

equalization information to the STC decoder 100 sufficient to removethe effects of the transmission channel

when processing the respective frequency domain symbols

The recovered symbols are placed back in order using symbol de-interleaver logic 102, which corresponds to

the symbolinterleaver logic 58 of the transmitter. The de-interleaved symbols are then demodulated or de-

mappedto a correspondingbitstream using de-mapping logic 104. The bits are then de-interleaved using bit

de-interleaver logic 106, which corresponds to the bit interleaver logic 54 of the transmitter architecture. The

de-interleaved bits are then processed by rate de-matching logic 108 and presented to channel decoder logic 110

to recovertheinitially scrambled data and the CRC checksum. Accordingly, CRC logic 112 removes the CRC
checksum, checks the scrambled data in traditional fashion, and providesit to the de-scrambling logic 114 for

de-scrambling using the knownbase station de-scrambling code to recover the originally transmitted data 116.

t

In parallel to recovering the data 116, a CQI,or at least information sufficient to create a CQI at the basestation

14, is determined and transmitted to the base station 14. As noted above, the CQIin a preferred embodimentis

"a functionofthe carrier-to-interferenceratio (CIR), as well as the degree to which the channel response varies
across the various sub-carriers in the OFDM frequency band. For this embodiment, the channel gain for each

sub-carrier in the OFDM frequency band being used to transmit information are compared relative to one

another to determine the degree to which the channel] gain varies across the OFDM frequency band. Although

numerous techniques are available to measure the degree of variation, one technique is to calculate the standard
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deviation of the channel gain for each sub-carrier throughout the OFDM frequency band being used to transmit
data.
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WE CLAIM:

1. A method comprising:
e Provisioning a protocol data unit including a header for transmission to a base station;
e Wherein CID bits in said header are replaced at least in part by feedback contentbits
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HIERARCHICAL MAP STRUCTURE SYSTEMS AND METHODS

Field of the Invention

This invention generally relates to the field of wireless communications. More specifically to MAP structure

systems and methods for broadband mobile wireless metropolitan area networks including networks operating
according to the IEEE 802.16(e) standard.

Background of the Invention

In the current 802.16e draft standard (p802.16e/D5), downlink (DL) and uplink (UL) resource or data burst
assignment is performed by layer 2 or MAC (medium access control) control messages called DL/UL-MAP
messages. The DL/UL-MAP messagesare encapsulated in the physical layer OFDMAregion called the DL/UL-
MAP region. Each DL/UL-MAP region contains one DL/UL-MAP message. Within the DL/UL MAP message,
there are one or more broadcast, multicast or unicast information elements (IE) that contain information for one
or more Mobile Subscriber Station (MSS). The IEs are used for, among other things, assigning DL/UL OFDMA
regions for Mobile Subscriber Stations MSSto receive/transmit DL/ULtraffic or MAC messages.

The current DL/UL-MAP designs have many shortcomings including the following.

First, there is no more room to define new [Es due to the limited number of IE type indicators, called the
Downlink Interval Usage Code (DIUC)and Uplink Interval Usage Code (UIUC). The DIUC/UIUCis4 bits in
length, thus allowing only up to 16 types of IEs. To alleviate the problem, one of the DIUC/UIUC value(i.e. 15)
is reserved for extending the IE types. When DIUC/UIUCis set to 15, an extended DIUC/UIUC (also 4 bits)is
included to indicate up to an additional 16 new IE types. Currently, in the draft standard, all the 15 plus 16,i.e.
31 DIUC/UIUC values have been used. Therefore, new IEs cannot be introduced.

Second, there is no explicit indication of whether a broadcast IE is designated to all MSS or only those MSSsin
certain modes of operation (Normal, Sleep orIdle).

As will be apparent to one skilled in the art an MSS can be in Normal mode, Sleep mode or Idle Mode. A MSS
in Normal mode continuously processes the DL/UL-MAP and can be assigned DL or UL resource or burst at
any time. A MSS in sleep mode operates in cycles of sleep interval and listening interval. During the sleep
interval, the MSS is not available to the Base Station for DL traffic. The MSS may initiate UL traffic

“transmission during sleep interval. During listening interval, the MSS operates as in Normal mode. Sleep mode
reduces the MSS battery consumption compared to Normal mode. For Idle mode, the MSS is not available for

*DLtraffic and cannot initiate UL traffic. The MSS does not perform HO. The MSSlistens to the paging
signalling from the BS during designated paging interval. Idle Mode therefore provides the most power saving
for the MSS.

When a MSSis in Sleep mode — listening interval, or Idle Mode — paginginterval, the MSS needs to decode the
DL MAPin order to receive unicast traffic (for sleep mode) or relevant broadcast traffic (for both sleep mode
and idle mode). However, when the MSS receives an IE with broadcast connection identifier (broadcast CID),
the MSS has to demodulate and decode the DL OFDMA region assigned by this IE, even though the DL
broadcasttraffic carried in that OFDMA region is not designated to the MSS which operates in certain mode.
This is not powerefficient for MSS in Sleep and Idle Modes since the MSS has to demodulate and decodeall
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DL broadcasttraffic or messages. “
Fal

The current DL and UL IBs are encapsulated in separate DL and UL MAP. For the case of unicast burst
assignmentto the same MSS on both DL and UL, the 16-bit basic connection identifier (basic CID) of that MSS
will appear twice, once in the DL-MAP and a secondtime in the UL-MAP.This causes unnecessary overhead.

According to the current design, a MSS in either normal mode, sleep mode — listening interval or Idle mode —
paging interval have to demodulate and decode all the DL and UL MAPregions and associated messages, even
though manyof the information contained in the MAPs region is not designated to that MSS. The DL and UL
MAP regions may be long and span multiple OFDMA symbols, thus is not powerefficient for as MSSin Idle
mode and Sleep mode.
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Summaryof the Invention

It is an object of the invention to provide a system and methodfor providing hierarchical MAP structuresfor
broadband mobile wireless metropolitan area networks. According to one embodimentof the invention such
networks include networks operating in accordance with the IEEE 802.16 standard.

It is an object of the invention to provide a system and method for providing hierarchical MAP structures that
does not impact the operation of 802.16d MSS and should be transparent to the 802.16d MSS.

It is an object of the invention to provide a system and method for providing hierarchical MAP structures
generally in accordance with the Figure 1.

It is a further object of the invention to provide a system and method for providing hierarchical MAP structures
wherein a DL-MAP is placed adjacent to the Frame Control Header (FCH) as in the current 802.16d standard,
for the purpose of backward compatibility. Since this DL-MAP may be processed by MSSs whointend to listen
to DLtraffic or messages including MSSs in Normal mode, MSSsin Sleep mode/listening interval, and MSS
in Idle mode / Paging interval, this DL-MAP may be used as the Root MAP to perform the following:

e Point to additional DL/UL-MAPswhich only need to be processed by specific groups of MSS.
o According to aspects of the invention, the additional MAPs include 1) MAP for UL common

access for all 802.16d SS (Subscriber Station) and 802.16e MSS. This MAP may processed by
all 802.16d SS and 802.16e MSS that intends to perform UL access; 2) Unicast DL/UL MAP for
all 802.16d SS. This MAP may be processed by all power-on and registered SS; and 3) Unicast
DL/UL MAP for all 802.16e MSS in Normal mode and Sleep mode / listening interval. This
MAPmaybeprocessed by all 802.16e MSS in Normal mode or Sleep mode/ listening interval.
In this way, a particular type of MSS only needs to process the corresponding MAPIEsinstead
of having to process all the MAP IEs.

e Point to regions for DL broadcast messages.
o According to aspects of the invention, the broadcast regions may be divided into four types: 1)

region containing broadcast messages for all 802.16d SS and 802.16e MSS, e.g. system
parameter broadcast (UCD, DCD) messages; 2) region containing broadcast messages for all
802.16e MSS, e.g. neighbor BS information advertisement (MOB-NBR-ADV) message; 3)

. region containing broadcast messages for all Sleep mode MSS,e.g. traffic indication (MOB-
TRE-IND) message; 4) region containing broadcast messagesfor all Idle mode MSS,e.g. paging
advertisement (MOB-PAG-ADV) message. In this way, a MSS operating in certain mode may
only need to process the corresponding region and messages instead of having to process all
broadcast regions and messages.

* Point to regions for multicast-broadcast service (MBS) traffic. A particular MBS region may be
demodulated and decoded by MSSthat are subscribed to the associated MBS.

e Contain DL TEs that are addressed to both 802.16d SS and 802.16e MSS, e.g. MIMO_DL_Basic_IE etc.

It is an object of the invention to provide a system and method for providing hierarchical MAP structures
44
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which include a MAP message (Enhanced MAP (EN-MAP)) that includes unicast IEs for all 802.16e MSS
in Normal mode or Sleep mode / listening interval. In accordance with one aspect of the invention, the
characteristics of the EN-MAP message include as follows:

o Nogeneric MAC header when this EN-MAP messageis transmitted
o AEN-MAP message contains one or more EN-MAP_IE.
o Each EN-MAP_IE contains an IE type field of 6 bits. This allows a larger number of types of IEs

that can be supported by the EN-MAP message.
o For sach unicast resource allocation, the DL/UL resource allocations are combined together into

the same IE wheneverpossible to reduce MAC overhead, i.e. when the same basic CID for both
- DL and UL is used for the DL/UL resource allocation.

it is another object of the invention that in the Root MAP, to point to broadcast message regions specifically
for 1) all 802.16e MSS or 2) all 802.16e Sleep mode MSS or 3) all 802.16e Idle mode MSS, an
MSS_tregion_IE is provided. This IE includes an Applicability Code field to indicate which type of region is
assigned by the IE. The MSS_region_IE mayalso be used to point to the region for the EN-MAP message.

It is another object of the invention that in the Root MAP, to allow 802.16e MSSto avoid processing regions
designated for 802.16d SS, a Skip_IE is provided. The Skip_TE may be used to toggle the enabling and
disabling of processing of regions designated by IEs following the Skip_IE.

e According to aspects of the invention the 802.16e MSS sequentially processes IEs and if applicable
the associated regions designated by the IEs in the Root MAP. Whenthefirst Skip_IE is encountered,
the MSS may not process the region designated by IEs following the Skip_IE. When a second
Skip_TE is encountered, the MSS reverts back to processing the region designated by the IEs
following the Skip_IE when applicable. When the next Skip_TE is encountered, the MSS again
disables processing of regions designated by subsequent IEs. This procedure may continue until the
end of the Root MAP.

It is an object of the invention that both backward compatibility with 802.16d SS and power saving and
overhead reduction for 802.16e MSS can be achieved:

e According to aspects of the invention for a 802.16d SS, the operation is as usual since the 802.16d SSs
ignore any newly introduced IEs

e According to aspects of the invention for a 802.16e MSS, unicast information designated for 802.16d SS
~ may be skipped for power saving purposes by 802.16e MSSs. Also, 802.16e MSSs in certain modes

(normal, sleep, idle) may only process the relevant regions designated for the MSS.
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Brief Description of the Figures
 

Figure 1 presents a hierarchical MAP structure in accordance with an embodimentof the invention.

Figure 2 is a block representation of a cellular communication system.

Figure 3 is a block representation of a base station according to one embodimentof the present invention.

Figure 4 is a block representation of a mobile terminal according to one embodimentofthe present invention.
Figure 5 is a logical breakdown of an OFDMtransmitter architecture according to one embodimentof the

present invention.

Figure 6 is a logical breakdown of an OFDMreceiverarchitecture according to one embodimentof the present

invention.

Figure 7 illustrates a pattern of sub-carriers for carrying pilot symbols in an OFDM environment.

Detailed Description of Embodiments of the Invention

The following modification is based on TREE standard p802.16e/D5 which is hereby incorporated by reference.

Figure 1 presents a hierarchical MAP structure in accordance with an embodimentof the invention. As will be
apparent to one of skill in the art the regions shown are logical region rather than actual physical subchannel
and OFDMAsymbolspace.

Table 1 presents enhanced MAP (EN-MAP) message formats in accordance with an embodiment of the
invention. The EN-MAP message may define the access to the to the downlink information for OFDMA PHY
systems. This message may be transmitted without MAC header. This message may be transmitted at any
location.

Table 1 Enhanced MAP message format

ee{

|LengthSCSC~S~S~iC he longth in bytes ofthis message

For (i = 031++;I1 < Num_IEs)

EN-MAP_IEQ
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Paddingbits i insure to align to the boundary off byte

Table 2 presents a Skip IE format in accordance with an embodimentofthe invention.

"This IE may be sent by BS in a DL-MAP/Compressed DL-MAP messageas a broadcast IE, and may be used as
a switcherto instruct the 802.16e MSSed to skip the process in regions indicated by some broadcast types of IEs.
The Skip TE may appear in pair. The first Skip IE indicates the start of skipping and the next one indicate the
end of skipping.

Table 2 Skip_TE Format

Syntax [Sie[Notes

Extended DIUC4bitsS=Ox0A
JLengthtsPO
a

Skip_IEQ { 
Table 3 present a MSS Region IE format in accordance with an embodiment of the invention. This IE may be
sent by BS in a DL-MAP/Compressed DL-MAP messageas a broadcast type of IE. The rejoin indicated by this
IE maybe processed by 802.16e MSSes in normal, sleep and idle modes.

Table 3 Region_IE Format

[SyntaxSireSC«*Nsd
"MSSregionTBO( ee

Extended DIUC btsSx

DIUC

Applicability code ObO0: access system
configuration types of messages
(e.g., MOB_NBR_ADYV)byall
802.16e MSSes

Ob01: access Enhanced A

message by 802.16¢ MSSes in
normal and sleep mode
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Obi0: access the sleep mode
pecific messages (e.g.,

IMOB_TRF_IND) by 802.16¢
MSSes in sleep mode
Ob11: Access idle mode specific
messages (e.g.,
MOB_PAG_ADV) by 802.16e!
IMSSesin idle mode

OFDMAsymbol offset Bois
Po

po
po

  
 

  

 
 

 
 

 
 

|BoostingCitS
No. OFDMAsymbols Bbits
No. Subchannels Bbits

_C—C“‘C‘*

 
 
 

Subchanneloffset 6bits

Repetition Coding Indication 2
Padding bits o align byte boundary
Po po

Table 4 present an EN-MAP IE format in accordance with' an embodimentof the invention,

et An EN-MAP IE may define an access to the OFDMA downlink and uplink by MSSsor a control IE to request
MSSesto take certain actions. A sample IE format is shown in Table 4.

Table 4 EN-MAP_IE Format

TE specific field 
. In accordance with an embodimentofthe invention EN-MAP IE type encoding is presented in Table 5.

Table 5 EN-MAPIEtype encoding

EN-MAP En-MAP IE name

type
encoding

PPP 000000 co BAS BD

P|

    
Ob000001fULaccessIEscC“‘CSCOC#diSS @ 8.4.5.8.3
pb 000010 ee 8458

Ob 000011 {DLAAS TE ee 8.4.5.3.3 (removing_the
‘Extended DYUC’ and ‘Length’

48
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Pfft -
IDL TD_Zone IE ee 8.4.5.3.4 (removing the

“Extended DIUC’ and ‘Length’
fields)

hannel measurement IE ee 8.4.5.3.5 (removing the
“Extended DIUC’ and ‘Length’

Data_location_in_another_BS IE .
‘Extended DIUC’ and ‘Length’ and
‘reserved’ fields and insert’CID(16

IMO_DL_Basic IE ec 8.4.5.3.8 (removing theiM . DL_ :
‘Extended DIUC’ and ‘Length’
fields

8 MIMO_DL_Enhanced IE ee 8.4,5.3.9 (removing the
“Extended DIUC’ and ‘Length’
fields)

. IDL PUSC burst allocation in otherSee 8.4.5.3.12 (removing the
egment IE ‘Extended DIUC’ and ‘Length’

fields)

HO active anchor DL MAP IE See 8.4.5.3.13 (removing the
‘Extended DIUC’ and ‘Length’
fields)

HO Active Anchor DL MAPIE See 8.4.5.3.14 (removing the
“Extended DIUC’ and ‘Length’
fields

12 HO CID Translation TE ee 8.4.5,3.15 (removing the

fields

13 IMIMO_in_another_BS TE ee 8.4.5.3.16 (removing the
‘Extended DIUC’and ‘Length’
ields)

14 IMacro_DL_Basic IE ee 8.4.5.3.17 (removing the
‘Extended DIUC’and ‘Length’
fields)

15 L ee 8.4.5.4.5 (removing the
‘Extended DIUC’ and ‘Length’ and

: ‘reserved’ fields and insert’ CID(16
bits)’ field)

P|

 
AAS TE ee8.4.5.3.6 (removing the

“Extended DIUC’ and ‘Length’
fields)

17 IPAPR reduction, safty zone and soundingiSee 8.4.5.3.7 (removing the
zone allocation TE ‘Extended DIUC’ and ‘Length’

fields)
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(CQICH alloc IE ee 8.4.5.3.2 (removing the
‘Extended DIUC’ and ‘Length’
ields and inserting ’CEID(16 bits)’

» field)

L physical Modifier TE ee 8.4.5.3.14 (removing the
. ‘Extended DIUC’ and ‘Length’

fields)
QICH Enhance Allocation IE See 8.4.5.3.15 (removing the

‘Extended DIUC’ and ‘Length’
fields)

22 PUSC Burst Allocation in otherSee 8.4.5.3.16 (removing the
segment ‘Extended DIUC’ and ‘Length’

ields

23 HO active anchor UL MAP IE See 8.4.5.3.18 (removing the
‘Extended DIUC’ and ‘Length’
fields)

24 HO Active Anchor UL MAPIE ee 8.4.5.3.19 (removing the

fields)

25 Fast ranging IE ee 8.4.5.3.20 (removing the
; ‘Extended DIUC’ and ‘Length’

itields)
|26|DLHARQaccessTE

PT|DLMIMO-HARQaccessTEB
8|ULHARQaccessTE
po|ULMIMO-HARQaccessIE|
BO|DL/ULHARQaccessTE
BiJDEVULMIMO-HARQIE,

 
£

Jn accordance with an embodiment of the invention the DL access IE defines a DL two-dimensional region for
» ohne or more MSS(s) to access. Table 5 presents an DL access_IE Format in accordance with an embodiment

of the invention.

Table 5 DL accessIE Format

|NumiciDsAits
For (I = 0; icNum_CIDs;i++) Y
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 pT

cD—“Csi‘CSCSCSCSCSCSC*C‘iHtsfAtypeOFC
aUO

Ppmcr—O——TCCCCCC*#MitsoT
|OFDMAsymboloffsett CRBsPO
|Subchanneloffset—“‘CSCCC*O@Uits«|
|BoostingC—“‘“SSC*#*éB#itsPO
|_No.OFDMAsymbolsCBitsPO
|No.Subchannels—C—“‘CSC*Sés|C“‘C‘*C
|RepetitionCodingIndicationCts|

BO——ii

According to an embodimentof the invention the UL access IE defines a UL duration for one MSS to access.
Table 6 presents an UL access_IE Format in accordance with an embodimentof the invention.

  
  
  
  
  
  

  

rtee

ele6 UL access_TE Format
(aoeOT =
Peis

baagFi ROMAGeESD
Repetition code indication Ob00: no repetition coding

: Repetition coding of

 
 

  
  

 

 
 

 
 

 

In accordance with an embodiment of the invention the UL access IE may define a DL two-dimensional region
* and a UL duration for one MSS to access at the same. Table 7 presents a DL/UL access_IE format in

\ accordance with an embodimentof the invention.al

Table 7 DL/UL access_IE Format

CID 16 bits Basic CID if the UL resource allocation

an be used by any UL connections;
L connection ID if the UL resource
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 allocated for a specific UL connection

(DL connection CID always appears in
IMAC header) 

 
|OFDMAsymboloffset____[8 bits

8 bits
8

|_RepetitionCodingIndication_2
A bits

10 bits

Repetition code indication 2 bits Ob00:no repetition coding
DbO1: Repetition coding of 2 used
Ob 10: Repetition coding of 4 used
Ob 11: Repetition coding of 6 used

  
 
  
 

eAco o=wn

With reference to Figure 2, a base station controller (BSC) 10 controls wireless communications within multiple

cells 12, which are served by corresponding basestations (BS) 14. In generai, each basestation 14 facilitates

communications using OFDM with mobile terminals 16, which are within the cell 12 associated with the

corresponding base station 14. The movement of the mobile terminals 16 in relation to the base stations 14

results in significant fluctuation in channel conditions. Asillustrated, the base stations 14 and mobile terminals

16 may include multiple antennas to provide spatial diversity for communications.

A high level overview of the mobile terminals 16 and base stations 14 of the present invention is provided prior

to delving into the structural and functional details of the preferred embodiments. With reference to Figure 3, a
7

base station 14 configured according to one embodimentof the present inventionis illustrated. The base

station 14 generally includes a control system 20, a baseband processor 22, transmit circuitry 24, receive
rat

circuitry 26, multiple antennas 28, and a network interface 30. The receive circuitry 26 receives radio

frequency signals bearing information from one or more remote transmitters provided by mobile terminals 16

(illustrated in Figure 4). Preferably, a low noise amplifier andafilter (not shown) cooperate to amplify and

remove broadbandinterference from the signal for processing. Downconversion and digitization circuitry (not

52
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shown) will then downconvert the filtered, received signal to an intermediate or baseband frequencysignal,

whichis then digitized into one or moredigital streams.

The baseband processor 22 processes the digitized received signal to extract the information or data bits

conveyedin the received signal. This processing typically comprises demodulation, decoding, and error

‘borrection operations. As such, the baseband processor 22 is generally implemented in one or more digital
-Signal processors (DSPs) or application-specific integrated circuits (ASICs). The received information is then

sent across a wireless network via the network interface 30 or transmitted to another mobile terminal 16

serviced by the base station 14.

On the transmit side, the baseband processor 22 receives digitized data, which may represent voice, data, or

control information, from the network interface 30 under the control of control system 20, and encodes the data

for transmission. The encoded data is output to the transmit circuitry 24, where it is modulated by a carrier

signal having a desired transmit frequency or frequencies. A power amplifier (not shown) will amplify the

modulated carrier signal to a level appropriate for transmission, and deliver the modulated carrier signal to the

antennas 28 through a matching network (not shown). Modulation and processing details are described in

greater detail below.

With reference to Figure 4, a mobile terminal 16 configured according to one embodimentofthe present

inventionis illustrated. Similarly to the base station 14, the mobile terminal 16 will include a control system 32,

a baseband processor 34, transmit circuitry 36, receive circuitry 38, multiple antennas 40, and user interface

circuitry 42. The receive circuitry 38 receives radio frequency signals bearing information from one or more

base stations 14, Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and remove

broadbandinterference from the signal for processing. Downconversion and digitization circuitry (not shown)*

will then downconvert the filtered, received signal to an intermediate or baseband frequency signal, which is
=

then digitized into one or more digital streams.

The baseband processor 34 processes the digitized received signal to extract the information or data bits

conveyedin the received signal. This processing typically comprises demodulation, decoding, and error

correction operations, as will be discussed on greater detail below. The baseband processor34 is generally
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implemented in one or more digital signal processors (DSPs) and application specific integrated circuits

(ASICs).

For transmission, the baseband processor 34 receives digitized data, which may represent voice, data, or control

information, from the control system 32, which it encodes for transmission. The encoded data is output to the

‘transmit circuitry 36, where it is used by a modulator to modulate a carrier signal that is at a desired transmit
-frequency or frequencies. A power amplifier (not shown) will amplify the modulatedcarrier signal to a level
appropriate for transmission, and deliver the modulated carrier signal to the antennas 40 through a matching

network (not shown). Various modulation and processing techniques available to those skilled in the art are

applicable to the present invention.

In OFDM modulation, the transmission bandis divided into multiple, orthogonal carrier waves. Each carrier

wave is modulated according to the digital data to be transmitted. Because OFDM divides the transmission

band into multiple carriers, the bandwidth per carrier decreases and the modulation time per carrier increases.

Since the multiple carriers are transmitied in parallel, the transmission rate for the digital data, or symbols, on

any given carrier is lower than when a single carrieris used.

OFDM modulation requires the performance of an Inverse Fast Fourier Transform (IFFT) on the information to

be transmitted. For demodulation, the performance of a Fast Fourier Transform (FFT) on the received signal is

required to recover the transmitted information. In practice, the IFFT and FFT are provided by digital signal

processing carrying out an Inverse Discrete Fourier Transform (IDFT) and Discrete Fourier Transform (DFT),

respectively. Accordingly, the characterizing feature of OFDM modulationis that orthogonal carrier waves are

generated for multiple bands within a transmission channel. The modulated signals are digital signals having a

» Telatively low transmission rate and capable of staying within their respective bands. The individual carrier

_ Waves are not modulated directly by the digital signals. Instead, all carrier waves are modulated at once by
n

IFFT processing.

In the preferred embodiment, OFDM is used for at least the downlink transmission from the basestations 14 to

the mobile terminals 16.|Each base station 14 is equipped with m transmit antennas 28, and each mobile

terminal 16 is equipped with m receive antennas 40. Notably, the respective antennas can be used for reception

and transmission using appropriate duplexers or switches and are so labeled only forclarity.
54
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With reference to Figure 5, a logical OFDM transmission architecture is provided accordifig to one

embodiment. Initially, the base station controller 10 will send data to be transmitted to various mobile

terminals 16 to the base station 14. The base station 14 may use the CQIs associated with the mobile terminals

to schedule the data for transmission as well as select appropriate coding and modulation for transmitting the

*scheduled data. The CQIs may be directly from the mobile terminals 16 or determinedat the base station 14
, based on information provided by the mobile terminals 16. In either case, the CQI for each mobile terminal 16

‘is a function of the degree to which the channel amplitude (or response) varies across the OFDM frequency
band.

The scheduled data 44, which is a stream of bits, is scrambled in a manner reducing the peak-to-average power

ratio associated with the data using data scrambling logic 46. A cyclic redundancy check (CRC) for the

scrambled data is determined and appended to the scrambled data using CRC adding logic 48. Next, channel

coding is performed using channel encoderlogic 50 to effectively add redundancyto the data to facilitate

recovery and error correction at the mobile terminal 16. Again, the channel coding for a particular mobile

terminal 16 is based on the CQI. The channel encoder logic 50 uses known Turbo encoding techniques in one

embodiment. The encoded data is then processed by rate matching logic 52 to compensate for the data

expansion associated with encoding.

Bit interleaver logic 54 systematically reorders the bits in the encoded data to minimize the loss of consecutive

data bits. The resultant data bits are systematically mapped into corresponding symbols depending on the

chosen baseband modulation by mapping logic 56. Preferably, Quadrature Amplitude Modulation (QAM) or

Quadrature Phase Shift Key (QPSK) modulation is used. The degree of modulation is preferably chosen based

, onthe CQI for the particular mobile terminal. The symbols may be systematically reordered to further bolster
the immunity of the transmitted signal to periodic data loss caused by frequency selective fading using symbol

.
interleaver logic 58.

At this point, groups of bits have been mapped into symbols representing locations in an amplitude and phase

constellation. When spatial diversity is desired, blocks of symbois are then processed by space-time block

code (STC) encoder logic 60, which modifies the symbols in a fashion making the transmitted signals more

resistant to interference and more readily decoded at a mobile terminal 16. The STC encoder logic 60 will
55
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process the incoming symbols and provide n outputs corresponding to the numberof transmit antennas 28 for

the base station 14. The control system 20 and/or baseband processor 22 will provide a mapping contro] signal

to control STC encoding. Atthis point, assume the symbols for the m outputs are representative of the data to

be transmitted and capable of being recovered by the mobile terminal 16. See A.F. Naguib, N. Seshadri, and

A.R. Calderbank, “Applications of space-time codes and interference suppression for high capacity and high

"data rate wireless systems,” Thirty-Second Asilomar Conference on Signals, Systems & Computers, Volume 2,
pp- 1803-1810, 1998, which is incorporated herein by reference in its entirety.

For the present example, assume the base station 14 has two antennas 28 (n=2) and the STC encoder logic 60

provides two output streams of symbols. Accordingly, each of the symbol streams output by the STC encoder

logic 60 is sent to a corresponding IFFT processor 62, illustrated separately for ease of understanding. Those

skilled in the art will recognize that one or more processors may be used to provide such digital signal

processing, alone or in combination with other processing described herein. The IFFT processors 62 will

preferably operate on the respective symbols to provide an inverse Fourier Transform. The output of the IFFT

processors 62 provides symbols in the time domain. The time domain symbols are grouped into frames, which

are associated with a prefix by like insertion logic 64. Each of the resultant signals is up-converted in the

digital domain to an intermediate frequency and converted to an analog signal via the corresponding digital up-

conversion (DUC) anddigital-to-analog (D/A) conversion circuitry 66. The resultant (analog) signals are then

simultaneously modulated at the desired RF frequency, amplified, and transmitted via the RF circuitry 68 and

antennas 28. Notably, pilot signals known by the intended mobile terminal 16 are scattered among the sub-

carriers. The mobile terminal 16, which is discussed in detail below, will use the pilot signals for channel

estimation.

Reference is now made to Figure 6 to illustrate reception of the transmitted signals by a mobile terminal 16.ot

Uponarrival of the transmitted signals at each of the antennas 40 of the mobile terminal 16, the respective

signals are demodulated and amplifiedby corresponding RF circuitry 70. For the sake of conciseness and
clarity, only one of the two receive paths is described and illustrated in detail. Analog-to-digital (A/D)

converter and down-conversion circuitry 72 digitizes and downconverts the analog signal for digital processing.

The resultant digitized signal may be used by automatic gain control circuitry (AGC) 74 to control the gain of

the amplifiers in the RF circuitry 70 based on the received signal level.
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Initially, the digitized signal is provided to synchronization logic 76, which includes coarse synchronization

logic 78, which buffers several OFDM symbols and calculates an auto-correlation between the two successive

OFDM symbols. A resultant time index corresponding to the maximum ofthe correlation result determines a

fine synchronization search window, which is used by fine synchronization logic 80 to determine a precise

: framing starting position based on the headers. The output of the fine synchronization logic 80 facilitates
“frame acquisition by frame alignment logic 84. Proper framing alignmentis important so that subsequent FFT

-processing provides an accurate conversion from the time to the frequency domain. The fine synchronization
algorithm is based on the correlation between the received pilot signals carried by the headers and a local copy

of the knownpilot data. Once frame alignment acquisition occurs, the prefix of the OFDM symbolis removed

with prefix removal logic 86 and resultant samples are sent to frequency offset correction logic 88, which

compensates for the system frequency offset caused by the unmatched local oscillators in the transmitter and the

receiver. Preferably, the synchronization logic 76 includes frequency offset and clock estimation logic 82,

whichis based on the headers to help estimate such effects on the transmitted signal and provide those

estimations to the correction logic 88 to properly process OFDM symbols.

Atthis point, the OFDM symbols in the time domain are ready for conversion to the frequency domain using

FFT processing logic 90. The results are frequency domain symbols, which are sent to processing logic 92.

The processing logic 92 extracts the scattered pilot signal using scattered pilot extraction logic 94, determines a

channel estimate based on the extracted pilot signal using channel estimation logic 96, and provides channel

responsesfor all sub-carriers using channel reconstruction logic 98. In order to determine a channel response

for each of the sub-carriers, the pilot signal is essentially multiple pilot symbols that are scattered among the

data symbols throughout the OFDM sub-carriers in a known pattern in both time and frequency. Figure 7

illustrates an exemplary scattering of pilot symbols among available sub-carriers over a given time and

- frequency plot inan OFDM environment. Continuing with Figure 6, the processing logic compares the

received pilot symbols with the pilot symbols that are expected im certain sub-carriers at certain times to

"determine a channel response for the sub-carriers in which pilot symbols were transmitted. The results are

interpolated to estimate a channel response for most, if not all, of the remaining sub-carriers for which pilot

symbols were not provided. The actual and interpolated channel responses are used to estimate an overall

channel response, which includes the channel responses for most, if not all, of the sub-carriers in the OFDM

channel.
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The frequency domain symbols and channel reconstruction information, which are derived from the channel

responses for each receive path are provided to an STC decoder 100, which provides STC decoding on both

received paths to recover the transmitted symbols. The channel reconstruction information provides

equalization information to the STC decoder 100 sufficient to remove the effects of the transmission channel

When processing the respective frequency domain symbols

-The recovered symbols are placed back in order using symbol de-interleaver logic 102, which corresponds to

‘the symbolinterleaver logic 58 of the transmitter. The de-interleaved symbols are then demodulated or de-
mapped to a corresponding bitstream using de-mapping logic 104. Thebits are then de-interleaved using bit

de-interleaver logic 106, which corresponds to the bit interleaver logic 54 of the transmitter architecture. The

de-interleaved bits are then processed by rate de-matching logic 108 and presented to channel decoder logic 110

to recoverthe initially scrambled data and the CRC checksum. Accordingly, CRC logic 112 removes the CRC

checksum, checks the scrambled data in traditional fashion, and provides it to the de-scrambling logic 114 for

de-scrambling using the knownbasestation de-scrambling code to recoverthe originally transmitted data 116.

In parallel to recovering the data 116, a CQI, or at least information sufficient to create a CQIat the base station

14, is determined and transmitted to the base station 14. As noted above, the CQI in a preferred embodimentis

a function of the carrier-to-interference ratio (CIR), as well as the degree to which the channel response varies

across the various sub-carriers in the OFDM frequency band. For this embodiment, the channel gain for each

sub-carrier in the OFDM frequency band being used to transmit information are compared relative to one

another to determine the degree to which the channel gain varies across the OFDM frequency band. Although

numerous techniques are available to measure the degree of variation, one techniqueis to calculate the standard

deviation of the channel gain for each sub-carrier throughout the OFDM frequency band being used to transmit

. data.
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WE CLAIM:

1. A method comprising:
e Provisioning a first MAP for allocating resourcesto a terminal
e Wherein said first MAP includes one or more pointers pointing to a second MAP
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ot

PILOT PATTERN SYSTEM AND METHOD

Field of the Invention

This invention generally relates to the field of wireless communications. More
specifically to pilot pattern systems and methodsfor closed loop MIMOin broadband

, mobile wireless metropolitan area networks including networks operating according to
the IEEE 802.16(e) standard.

Background of the Invention

There are numerous problems associated with the current 802.16(e) standard.
¢ The overhead ofthe pilots increase with the number of transmit antennas.
* Jn the current standard, puncturing is applied to reduced the pilot overhead when

four transmit antennas are used.

— Puncture causes degradation
¢ Close loop MIMOrequires channel information for multiple channels

corresponding to cach transmit antenna
* More pilots are needed for the channel sounding if BS has more than four

antennas

— Therefore, one can not depend on puncturing anymore

A need exists therefore for an improved pilot pattern system and method.

Summary of the Invention

It is an object of the invention to provide a pilot pattern system and method wherein pilot
density along the time direction can be reduced considering that close loop MIMOis
generally applicable for low speed MSSs (Mobile Subscriber Station).

It is a further object of the invention that the same pilot overhead support more antenna’s
channel estimation.

It is a further object of the invention that for 4-transmit antennas case, no puncturing is
¥ required,

It is a further object of the invention to provide more channel information which in turn
provides the possibility to employ MIMO BLASTwith more antennas to increase the
throughput if terminal has enough receive antennas

It is another object of the invention that for the downlink, SS can use pilots located in the
sub-channels assigned to other SSs for channel estimation (no pilot pre-distortion).
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Brief Description of the Figures

Figure 1 provides a pilot allocation for 4-antenna BS for the optional FUSC and Optional
AMCzones in 802.16d in accordance with an embodimentof the invention

Figure 2 provides a pilot allocation for four transmit antennas (no puncturing required) in
. accordance with an embodimentof the invention

Figure 3 providesapilot allocation for eight transmit antennas in accordance with an
embodiments of the invention

Figure 4 provides a pilot allocation for twelve transmit antennas in accordance with an
embodiments of the invention

Figure 5 is a block representation of a cellular communication system.

Figure 6 is a block representation of a base station according to one embodimentof the

present invention.

Figure 7 is a block representation of a mobile terminal according to one embodiment of

the present invention.

Figure 8 is a logical breakdown of an OFDM transmitter architecture according to one

embodimentof the present invention.

Figure 9 is a logical breakdown of an OFDM receiver architecture according to one

embodiment of the present invention.

Figure 10 illustrates a pattern of sub-carriers for carrying pilot symbols in an OFDM

environment.

Detailed Description of Embodiments of the Invention

 
The following modification is based on IEEE standard p802.16e/D5 which is hereby
incorporated by reference.

With reference to Figure 5, a base station controller (BSC) 10 controls wireless

communications within multiple cells 12, which are served by corresponding base

stations (BS) 14. In general, each base station 14 facilitates communications using

OFDM with mobile terminals 16, which are within the cell 12 associated with the

corresponding base station 14, The movement of the mobile terminals 16 in relation to
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the base stations 14 results in significant fluctuation in channel conditions. Asillustrated,

the base stations 14 and mobile terminals 16 may include multiple antennas to provide

spatial diversity for communications.

A high level overview of the mobile terminals 16 and base stations 14 of the present

invention is provided prior to delving into the structural and functional details of the

preferred embodiments. With reference to Figure 6, a base station 14 configured

* according to one embodiment of the present invention is illustrated. The base station 14

generally includes a control system 20, a baseband processor 22, transmit circuitry 24,

receive circuitry 26, multiple antennas 28, and a network interface 30. The receive

circuitry 26 receives radio frequency signals bearing information from one or more

remote transmitters provided by mobile terminals 16 (illustrated in Figure 7). Preferably,

a Jow noise amplifier and a filter (not shown) cooperate to amplify and remove

broadbandinterference from the signal for processing. Downcenversion and digitization

circuitry (not shown) will then downconvert the filtered, received signal to an

intermediate or baseband frequency signal, which is then digitized into one or more

digital streams.

The baseband processor 22 processes the digitized received signal to extract the

information or data bits conveyed in the received signal. This processing typically

comprises demodulation, decoding, and error correction operations. As such, the

baseband processor 22 is generally implemented in one or more digital signal processors

(DSPs)or application-specific integrated circuits (ASICs). The received informationis

 
 
 
 
 
 

 
 

then sent across a wireless network via the network interface 30 or transmitted to another

- mobile terminal 16 serviced by the base station 14.

Onthe transmit side, the baseband processor 22 receives digitized data, which may

represent voice, data, or control information, from the network interface 30 under the

control of control system 20, and encodes the data for transmission. The encoded data is

output to the transmit circuitry 24, where it is modulated by a carrier signal having a

desired transmit frequency or frequencies. A power amplifier (not shown) will amplify
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the modulated carrier signal to a level appropriate for transmission, and deliver the

modulated carrier signal to the antennas 28 through a matching network (not shown).

Modulation and processing details are described in greater detail below.

With reference to Figure 7, a mobile terminal 16 configured according to one

‘ embodimentof the present invention is illustrated. Similarly to the base station 14, the

mobile terminal 16 will include a control system 32, a baseband processor 34, transmit

circuitry 36, receive circuitry 38, multiple antennas 40, and user interface circuitry 42.

The receive circuitry 38 receives radio frequency signals bearing information from one or

more base stations 14. Preferably, a low noise amplifier and a filter (not shown)

cooperate to amplify and remove broadbandinterference from the signal for processing.

Downconversion and digitization circuitry (not shown) will then downconvert the

filtered, received signal to an intermediate or baseband frequency signal, which is then

digitized into one or more digital streams.

The baseband processor 34 processes the digitized received signal to extract the

information or data bits conveyed in the received signal. This processing typically

comprises demodulation, decoding, and exror correction operations, as will be discussed

on greater detail below. The baseband processor 34 is generally implemented in one or

more digital signal processors (DSPs) and application specific integrated circuits

(ASICs).

For transmission, the baseband processor 34 receives digitized data, which may represent

voice, data, or control information, from the control system 32, which it encodes for

* transmission. The encoded data is output to the transmit circuitry 36, where it is used by

a modulator to modulate a carrier signal that is at a desired transmit frequency or

frequencies. A power amplifier (not shown) will amplify the modulated carrier signal to

a level appropriate for transmission, and deliver the modulated carrier signal to the

antennas 40 through a matching network (not shown). Various modulation and

processing techniques available to those skilled in the art are applicable to the present

invention.
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In OFDM modulation, the transmission band is divided into multiple, orthogonal carrier

waves, Each carrier wave is modulated according to the digital data to be transmitted.

Because OFDMdivides the transmission band into multiple carriers, the bandwidth per

carrier decreases and the modulation time per carrier increases. Since the multiple

carriers are transmitted in parallel, the transmission rate for the digital data, or symbols,

on any given carrier is lower than whena single carrier is used.

OFDM modulation requires the performance of an Inverse Fast Fourier Transform (IFFT)

on the information to be transmitted, For demodulation, the performance of a Fast

Fourier Transform (FFT) on the received signal is required to recover the transmitted

information. In practice, the IFFT and FFT are provided by digital signal processing

carrying out an Inverse Discrete Fourier Transform (IDFT) and Discrete Fourier

Transform (DFT), respectively. Accordingly, the characterizing feature of OFDM

modulation is that orthogonal carrier waves are generated for multiple bands within a

transmission channel. The modulatedsignals are digital signals having a relatively low

transmission rate and capable of staying within their respective bands. The individual

carrier Waves are not modulated directly by the digital signals. Instead, all carrier waves

are modulated at once by IFFT processing.

In the preferred embodiment, OFDM is used for at least the downlink transmission from

the base stations 14 to the mobile terminals 16. Hach base station 14 is equipped with a

transmit antennas 28, and each mobile terminal 16 is equipped with m receive antennas

40. Notably, the respective antennas can be used for reception and transmission using

* appropriate duplexers or switches and are so labeled only for clarity.

With reference to Figure 8, a logical OFDM transmission architecture is provided

according to one embodiment. Initially, the base station controller 10 will send data to be

transmitted to various mobile terminals 16 to the base station 14. The base station 14

may use the CQIs associated with the mobile terminals to schedule the data for

transmission as well as select appropriate coding and modulation for transmitting the
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scheduled data. The CQIs may be directly from the mobile terminals 16 or determined at

the base station 14 based on information provided by the mobile terminals 16. In either

case, the CQI for each mobile terminal 16 is a function of the degree to which the channel

amplitude (or response) varies across the OFDM frequency band.

. The scheduled data 44, which is a stream ofbits, is scrambled in a mannerreducing the

peak-to-average powerratio associated with the data using data scrambling logic 46. A

cyclic redundancy check (CRC) for the scrambled data is determined and appendedto the

scrambled data using CRC adding logic 48. Next, channel coding is performed using

channel encoder logic 50 to effectively add redundancyto the data to facilitate recovery

and error correction at the mobile terminal 16. Again, the channel codingfor a particular

mobile terminal 16 is based on the CQL. The channel encoder logic 50 uses known Turbo

encoding techniques in one embodiment. The encoded data is then processed byrate

matching logic 52 to compensate for the data expansion associated with encoding.

Bit interleaver logic 54 systematically reorders the bits in the encoded data to minimize

the loss of consecutive data bits. The resultant data bits are systematically mapped into

corresponding symbols depending on the chosen baseband modulation by mapping logic

56. Preferably, Quadrature Amplitude Modulation (QAM) or Quadrature Phase Shift

Key (QPSK) modulation is used. The degree of modulation is preferably chosen based
on the CQIfor the particular mobile terminal. The symbols may be systematically

reordered to further bolster the immunity of the transmitted signal to periodic data loss

caused by frequency selective fading using symbolinterleaver logic 58.

* At this point, groups of bits have been mapped into symbols representing locations in an

amplitude and phase constellation. Whenspatial diversity is desired, blocks of symbols

are then processed by space-time block code (STC) encoder logic 60, which modifies the

symbols in a fashion making the transmitted signals more resistant to interference and

mote readily decoded at a mobile terminal 16. The STC encoder logic 60 will process

the incoming symbols and provide n outputs corresponding to the numberof transmit

antennas 28 for the base station 14, The control system 20 and/or baseband processor 22
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will provide a mapping control signal to control STC encoding. At this point, assume the

symbols for the n outputs are representative of the data to be transmitted and capable of

being recovered by the mobile terminal 16. See A.F. Naguib, N. Seshadri, andAR.

Calderbank, “Applications of space-time codes and interference suppression for high

capacity and high data rate wireless systems,” Thirty-Second Asilomar Conference on

Signals, Systems & Computers, Volume 2,pp. 1803-1810, 1998, whichis incorporated

herein by reference in its entirety.

For the present example, assume the base station 14 has two antennas 28 (m=2) and the

STC encoder logic 60 provides two output streams of symbols. Accordingly, each of the

symbol streams output by the STC encoder logic 60 is sent to a corresponding IFFT

processor62, illustrated separately for ease of understanding. Thoseskilled in the art will

recognize that one or more processors may be used to provide such digital signal

processing, alone or in combination with other processing described herein. The IFFT

processors 62 will preferably operate on the respective symbols to provide an inverse

Fourier Transform. The output of the IFFT processors 62 provides symbols in the time

domain. The time domain symbols are grouped into frames, which are associated with a

prefix by like insertion logic 64. Each of the resultant signals is up-converted in the

digital] domain to an intermediate frequency and converted to an analog signal via the

corresponding digital up-conversion (DUC)and digital-to-analog (D/A) conversion

circuitry 66. The resultant (analog) signals are then simultaneously modulated at the

desired RF frequency, amplified, and transmitted via the RF circuitry 68 and antennas 28.

Notably, pilot signals known by the intended mobile terminal 16 are scattered among the

sub-carriers. The mobile terminal 16, which is discussed in detail below, will use the

* pilot signals for channel estimation.

Reference is now made to Figure ? to illustrate reception of the transmitted signals by a

mobile terminal 16. Upon arrival of the transmitted signals at each of the antennas 40 of

the mobile terminal 16, the respective signals are demodulated and amplified by

corresponding RF circuitry 70. For the sake of conciseness and clarity, only one of the

two receive paths is described andillustrated in detail. Analog-to-digital (A/D) converter
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and down-conversion circuitry 72 digitizes and downconverts the analog signal for digital

processing. The resultant digitized signal may be used by automatic gain control

circuitry (AGC) 74 to control the gain of the amplifiers in the RF circuitry 70 based on

the received signal level.

Initially, the digitized signal is provided to synchronization logic 76, which includes

coarse synchronization logic 78, which buffers several OFDM symbols and calculates an

- auto-correlation between the two successive OFDM symbols. A resultant time index

corresponding to the maximum ofthe correlation result determines a fine synchronization

search window, which is used by fine synchronization logic 80 to determine a precise

framing starting position based on the headers. The output of the fine synchronization

logic 80 facilitates frame acquisition by frame alignment logic 84. Proper framing

alignmentis important so that subsequent FFT processing provides an accurate ©

conversion from the time to the frequency domain. The fine synchronization algorithm is

based on the correlation between the received pilot signals carried by the headers and a

local copy of the known pilot data. Once frame alignment acquisition occurs, the prefix

of the OFDM symbolis removed with prefix removal logic 86 and resultant samples are

sent to frequency offset correction logic 88, which compensates for the system frequency

offset caused by the unmatched local oscillators in the transmitter and the receiver.

Preferably, the synchronization logic 76 includes frequency offset and clock estimation

logic 82, which is based on the headers to help estimate such effects on the transmitted

signal and provide those estimationsto the correction logic 88 to properly process OFDM

symbols,

 
* At this point, the OFDM symbols in the time domain are ready for conversion to the

frequency domain using FFT processing logic 90, The results are frequency domain

symbols, which are sent to processing logic 92. The processing logic 92 extracts the

scattered pilot signal using scattered pilot extraction logic 94, determines a channel

estimate based on the extracted pilot signal using channel estimation logic 96, and

provides channel responses forall sub-carriers using channel reconstruction logic 98. In

order to determine a channel response for each of the sub-carriers, the pilot signal is
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essentially multiple pilot symbols that are scattered among the data symbols throughout

the OFDM sub-carriers in a known pattern in both time and frequency. Figure 10

illustrates an exemplary scattering of pilot symbols among available sub-carriers over a

given time and frequency plot in an OFDM environment. Continuing with Figure 9, the

processing logic compares the received pilot symbols with the pilot symbols that are

expected in certain sub-carriers at certain times to determine a channel response for the

sub-carriers in which pilot symbols were transmitted. The results are interpolated to

estimate a channel response for most, if not all, of the remaining sub-carriers for which

pilot symbols were not provided. The actual and interpolated channel responsesare used

to estimate an overall channel response, which includes the channel responses for most,if

not all, of the sub-carriers in the OFDM channel.

The frequency domain symbols and channel reconstruction information, which are

derived from the channel responses for each receive path are provided to an STC decoder

100, which provides STC decoding on both received paths to recover the transmitted

symbols, The channel reconstruction information provides equalization information ta

the STC decoder 100 sufficient to removethe effects of the transmission channel when

processing the respective frequency domain symbols

The recovered symbols are placed back in order using symbol de-interleaver logic 102,

which corresponds to the symbol interleaver logic 58 of the transmitter. The de-

interleaved symbols are then demodulated or de-mappedto a corresponding bitstream

using de-mapping logic 104. The bits are then de-interleaved using bit de-interleaver

logic 106, which correspondsto the bit interleaver logic 54 of the transmitter architecture.

- The de-interleaved bits are then processed by rate de-matching logic 108 and presented to
channel decoder logic 110 to recoverthe initially scrambled data and the CRC checksum.

Accordingly, CRC logic 112 removes the CRC checksum, checks the scrambled data in

traditional fashion, and providesit to the de-scrambling logic 114 for de-scrambling

using the known basestation de-scrambling code to recoverthe originally transmitted

data 116.
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In parallel to recovering the data 116, a CQJ, or at least information sufficient to create a

CQIat the base station 14, is determined and transmitted to the base station 14. As noted

above, the CQ]in a preferred embodimentis a function of the carrier-to-interference ratio

(CIR), as well as the degree to which the channel! response varies across the various sub-

carriers in the OFDM frequency band. Forthis embodiment, the channel gain for each

sub-carrier in the OFDM frequency band being used to transmit information are

compared relative to one another to determine the degree to which the channel gain varies

across the OFDM frequency band. Although numeroustechniques are available to

measure the degree of variation, one technique is to calculate the standard deviation of

the channel gain for each sub-carrier throughout the OFDM frequency band being used to
transmit data.
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WE CLAIM:

1. A method comprising:
* provisioning a pilot pattern for sub-
» wherein said pilot pattem facilitates sub-

(where n>1)

carriers in an OFDM environment;
casrier transmissions via 4 x n antennas 
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Figure 2(a)
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Figure 2(b)

J

+oe
J“

orLo}
YSIN=és

VPHornyLIL 
Pilot for Ant-1SPilot for Ant-O

Pilot for Ant-3aPilot for Ant-2

Copy provided by USPTO from the IFW Image Database on 05/12/2005

 
85



86

 

Figure 3(a)
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Figure 3(b) 
Option 2 frequency
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Figure 4(a)
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Figure 4(b)
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Figure 5
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SHORT DATA BURST SYSTEMS AND METHODS wo

Field of the Invention L

This invention generally relates to the field of wireless communications. More specifically to short data burst
support for broadband mobile wireless metropolitan area networks including networks operating according to
the IEEE 802.16(e) standard.

> Background ofthe Invention

*. Sleep Mode

« There are may problems associated with the current 802.16e standard draft, p802.16e/D5, including for
example:

o Any DL/UL PDU transmission within a listening-window are performed as normal mode (don’t
mean mode transition) — It means that a UL PDU within listening window cannottrigger a mode
transition. That is to say, if a MSS wants to return to normal mode, the MSS will have to wait
until sleep-window which results in unnecessary delay

o Any DL/ULshort datatraffic to/from a MSSin sleep mode must be sent during listening window
of a MSS,There is room for improvementfor applications with deterministic traffic pattern.

o Any UL PDU sent during sleep-window, other than RNG-REQ and DPC_REQ,is an indication
of mode transition of a MSS in sleep mode — It means that UL SDB mustbe sent either during
listening-window, which results in unnecessary delay or sent after entering normal mode, which
causes unnecessary mode transmission overhead

Idle Mode

e Numerousissnes exist with respect to the current standard notwithstanding a chained MBS TE has been
introduced including:

o No DLunicast SDB during idle modeis supported
o No ULSDBduring idle mode is supported
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Summaryof the Invention

It is an object of the invention to provide a short data burst system and method for broadband mobile wireless
metropolitan area networks (802.16¢).

Sleep Mode

It is anther object of the invention to provide a DL short data burst (SDB)
. * In accordance with a one aspect of the invention the DL SDB maybeprovisionedas follows:

o Define Forecast JE (offset and duration) transmitted during listening-window to schedule a future
* DL SDB/MBS/Configuration transmission.

o Use normal DL MAP TE during listening-window to assign DL resource for data transmission of
a connection

o Use normal UL MAP IE coupled with the DL MAP IE to assign UL resource for ARQ purpose
for a ARO enabled connection

« In accordance with another aspect of the invention the DL SDB maybe provisioned as follows:
o Define Forecast IE (offset and duration) transmitted during listening-~window to schedule a future

DL SDB/MBS/Configuration transmission
o Define DL-SDB with possible UL resource assigned for ACK purpose for a ARQ enabled

connection

It is another object of the invention UL SDB

* In accordance with another aspect of the invention the UP SDM maybe provisioned as follows:
o Define Forecast IE (offset and duration) transmitted during listening-window to schedule future

UL polling or UL data transmission
o Any UL PDU (except RNG-REQ/DPC-REQ) transmitted at any time during sleep window may

indicate a mode transition to normal mode

o Use SDB-BW request header transmitted at any time to indicate a SDB bandwidth request
without triggering a modetransition

o Use normal UL MAP IE to assign UL resource required by SDB-BW request header
o Use ACK message to acknowledge the UL data transmission

© In accordance with another aspect of the invention the UP SDB may be provisioned as follows:
o Define Forecast IE (offset and duration) transmitted during listening-window to schedule future

UL polling or UL data transmission
‘ o Any UL PDU (except RNG-REQ/DPC-REQ)transmitted (requested by normal BW request

header) at any time during sleep window mayindicate a modetransition to normal mode
o To use SDB-BW request header transmitted at any time to indicate a SDB bandwidth request

without triggering a modetransition
o To use defined UL-SDB IE to allocate UL resource and, at the same time, to indicate ACK

mechanism if the UL data is for a ARQ enabled connection

* In accordance with another aspect of the invention the UP SDB maybe provisioned as follows:
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o Define Forecast IE (offset and duration) transmitted during listening-window to schedule future
UL polling or UL data transmission

o Any UL PDU (except RNG-REQ/DPC-REQ) transmitted (requested by normal BW request
header) at any time during sleep mode may indicate a modetransition to normal mode

o Define UL Grant Management subheader to indicate a SDB PDU and any UL PDU transmitted
along with this UL SDB Grant Management subheader may not indicate a mode transition to
normal mode

. o Define UL-SDBIE to allocate UL resource and, at the same time, to indicate ACK mechanism if
the UL data is for a ARQ enabled connection

‘ Idie Mode

It is anther object of the invention to provide a DL short data burst (SDB)
e In accordance with another aspect of the invention the DL SDB (assuming Non-ARQ SDB) may be

provisioned as follows:
o At entering idle mode, the basic CID and the connection CID associated with the SMS (short

message service) application may be kept at both MSS and serving BS. All security related
profiles may be also kept by the two sides

o DLSDB can be sent during a MSS’s Paging Listening interval by using the normal DL MAP IE

e In accordance with another aspect of the invention the DL SDB (assuming ARQ-enabled SDB) may be
provisioned as follows:

o At entering idle mode, the basic CID and the connection CID associated with the SMS
application may be kept at both MSSand serving BS. All security related profiles may be also
kept by the two sides

o PGE-ADV message may be sent during a MSS’s Paging Listening interval . The MSS perform
paging-response by sending ranging code and RNG-REQ message.

o After the successful ranging, the BS that received the response may send defined DL SDB JE to
allocate DL resource and , at the same time, to allocate UL resource for the purpose of
ACK/NACK

o The MSS may resume idle mode operation after normal ARQ procedure (either send ACK or
send max number of NACKs)

It is anther object of the invention to provide a UL short data burst (SDB)

. e In accordance with another aspect of the invention the UL SDB maybe provisioned as follows:
o MSS performs initial ranging
o MSS sends RNG-REQto the covering BS to indicate the BS ID from there the MSS entered into

idle mode and to indicate a UL SDB request
o The covering BS obtains the keying profiles from the BS from where the MSSentered idle mode
o The covering BS then uses normal UL MAP IE to assign UL resource
o The covering BS may send ARQ messageif the connection is ARQ enabled one
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Brief Description of the Figures

Figure 1 provides an UL-SDB-BW request header in accordance with an embodimentof the invention

Figure 2 is a block representation of a cellular communication system.

Figure 3 is a block representation of a base station according to one embodimentof the present invention.

Figure 4 is a block representation of a mobile terminal according to one embodimentof the present invention.

' Figure 3 is a logical breakdown of an OFDM transmitter architecture according to one embodiment of the

- present invention.

Figure 6 is a logical breakdown of an OFDM receiver architecture according to one embodimentof the present

invention.

Figure 7 illustrates a pattern of sub-carriers for carrying pilot symbols in an OFDM environment.

Detailed Description of Embodiments of the Invention

The following modification is based on IEEE standard p802.16e/DS which is hereby incorporated by reference.

Figure 1 provides a Short Data Burst Bandwidth (UL-SDB-BW) Request Header in accordance with an
embodimentof the invention. The UL Short Data Burst Bandwidth (UL-SDB-BW) Request Header may be
used by a MSSin sleep mode to send a UL resource request for short-data-burst transmission.

In accordance with an embodimentof the invention UL Short Data Burst Bandwidth (UL-SDB-BW) Request
PDU may include UL -SDB-BW request Header and may not contain a payload.

In accordance with an embodimentof the invention the UL-SDB-BW request header may have the following
properties:

a) The length of the headeris 6 bytes
b) The HT field is set 1, indicating a BW request header
c) The EC fieldis set 0, indicating no encryption
d) The CID indicates the connection CID for which the UL bandwidth is requested.
e) The Type field is ‘100°
f) The BR field indicates the number of bytes requested (in unit of byte)

-  AMSSreceiving a UL-SDB-BW request header on the downlink may discard the PDU.

Thefields of the UL-SDB-BW request header in accordance with an embodimentofthe invention are set out in
Table 1.

Table 1 -- UL-SDB-BW request fieds

Length (bits
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unit of byte)

UL bandwidth is requested

Header Type = 1
Always set to 0

  
 

   
 
  
    
 

-| HCS i Header Check Sequence (same
usage as HCSentry in Table 5)
Reservedbit ‘ 

In accordance with an embodimentof the invention Table 2 provides a Grant Management subheader.

This subheader may be used by a MSS in sleep mode to indicate that the payload in this PDU is a UL Short
Data Burst. When used for this purpose, the all 16 bits of PBR field maybe set to 0.

Table 2 — Grant Management subheaderfields

Description

PiggyBack Request
The numberofbytes of uplink bandwidth requested by the SS/MSS. The bandwidth
request is for the CID. The request shall not include any PHY overhead. The
request may be incremental.
If this subheaderis sent by a MSSin sleep mode andallbits ofthis field is set to 0,
this field indicates that the payload of this PDU is a UL short data burst.

Poll-Me

0 = Noaction

1 = Used by the SS/MSSto request bandwidth poll.

Slip Indicator

1 = Used by the SS/MSSto indicatea slip of uplink grants relative to the uplink

 
The location Update request TLV (Type/Length/Value) (see 11.5, in p802.16e/D5) may be used to indicate a
location update request or UL SDB indication by a MSSin idle mode. When used to indicate a UL SDB,the
MSSis informing a BS that the purpose of ranging is to adjust time, power and so on in order to send UL short
data burst. For any UL SDB transmission from a MSSin idle mode, the BS may update the location of the MSS
at the same time.

The location Update request TLV (see 11.6 in p802.16e/D5) may be used as a location update response or a DL
SDB indication. When usedas DL SDB indication, the MSS may understand that the BS is going to send DL
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SDBafter finishing the ranging.

Table 3 provides a SDB Forecast TE in accordance with an embodimentofthe invention.

This IE may be used by a BS to alert MSSs regarding the future DL SDB transmission and UL SDB polling.
After receiving this TIE, a MSS,if its CID is included in this IE, may monitor the DL-MAP and UL-MAP in the

- frame indicated by Frame_offset in this IE. :

Table 3 DL_SDB TE format

|Sie|Notes
|

[4bits4 bits
po

i }Oxo7
[4bits|
a
po
po

Frame_offset 4 bits To indicate the frame where DL
' SDBto be transmitted or UL SDB

to be polled (Frame offset is
. relative to the current frame

po
eeee

 
Table 4 provides a DL SDB IE in accordance with an embodiment of the invention.

This IE may be used by a BS to assign DL resource to a MSS for the purpose of short data burst. The UL
resource may be assigned for the purpose of acknowledgment by the MSS.

Table 4 DL_SDB IE format

2 bits
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1 bit 0: UL resource for the MSS to

send ARQ messageis not assigned
in this IE 2
1: OG: UL resource for the MSS to

send ARQ messageis not assigned

a OO
Duration——SCSC~dCOHSCOCOCSCSOSOSCSCSCS

Ot
_—
ee

 
  
 UL_ARQ_resource_assigned

 
 

 

  

 
 

 

 
 If ( UL_ARQ_resource_assigned ==+s

  
    

1

Repetition Coding indication 2 bits

Poe
|
|

Reserved variable Padding bits to ensure octet
aligned

enSsOR 

Table 5 provides a UL SDB IE in accordance with an embodimentofthe invention.

This TE may be used by a BS to assign UL resource to a MSS for the purpose of short data burst. The
acknowledgmentto the UL short data burst transmission may be enabled or disabled dynamically.

 
 

 

Table 5 UL_SDB IE format

Notes

  
 

|CC‘
UL_SDB_IE(

Extended UTUC 4 bits

|LengthCCCsLength 4 bits

4 bits

For (i=0;i< Num_assignment;i++) {

 0x06

 10 bits

ARQenabled 1: ARQ enabled and the MSS shall wait for
receiving a ACK for this UL data burst
transmission

0: NON-AROQenabled and the MSS shouldn’t
expect a ACK for this UL data burst
transmission

|_Durationssid”
Repitition Coding Indication 2 bits  

  variable
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Table 6 provides an SDB_Ack TE in accordance with an embodimentof the invention.

This IE may be used by a BS to acknowledge the UL SDB transmission.

Table 6 SDB_Ack IE format

“a?

woSyntax|SizeNes
-[SDB_Ack_IEQ { PO
|ExtendedUMUC0aitsOG
|length0aits Ack:bitmap Variable The length is set to the number of assignments

with AQR_enabled indicator equaling to 1 in the
UL_SDB-in_Idle IE corresponding to the UL
SDBtransmission in the previous frame.

1: Acked; 0:Nacked

Hariable_ Padding bits to ensure octet aligned
Table 7 provides RNG_REQ Message Encodings in accordance with an embodimentofthe invention.

Table 7 -- RNG_REQ Message Encodings

Ibyte) Location Update Bit 0: location update request
Request/SDB Bit 1: SDU indication
Indication Bits 2-7: reserved

» ‘Table 8 provides RNG_RSP Message Encodings in accordance with an embodimentof the invention.

i Table 8 -- RNG_RSP Message Encodings

(1byie) Location Update faa0: location update response
Request/SDB Bit 1: SDU indication
Indication Bits 2-7: Reserved
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With reference to Figure 2, a base station controller (BSC) 10 controls wireless communications within multiple

cells 12, which are served by corresponding base stations (BS) 14. In general, each base station 14 facilitates

communications using OFDM with mobile terminals 16, which are within the cel] 12 associated with the

corresponding base station 14. The movementof the mobile terminals 16 in relation to the base stations 14

results in significant fluctuation in channel conditions. As illustrated, the base stations 14 and mobile terminals

“ya 16 may include multiple antennas to provide spatial diversity for communications,

A high level overview of the mobile terminals 16 and base stations 14 of the present invention is provided prior

to delving into the structural and functional details of the preferred embodiments. With reference to Figure 3, a

base station 14 configured according to one embodiment ofthe present invention is illustrated. The base

station 14 generally includes a contro! system 20, a baseband processor 22, transmit circuitry 24, receive

circuitry 26, multiple antennas 28, and a network interface 30. The receive circuitry 26 receives radio

frequency signals bearing information from one or more remote transmitters provided by mobile terminals 16

(illustrated in Figure 4). Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and

remove broadbandinterference from the signal for processing. Downconversion and digitization circuitry (not

shown) will then downconvert the filtered, received signal to an intermediate or baseband frequencysignal,

whichis then digitized into one or more digital streams.

The baseband processor 22 processes the digitized received signal to extract the information or data bits

conveyed in the received signal. This processing typically comprises demodulation, decoding, and error

correction operations. As such, the baseband processor 22 is generally implemented in one or more digital

signal processors (DSPs) or application-specific integrated circuits (ASICs). The received information is then

sent across a wireless network via the network interface 30 or transmitted to another mobile terminal 16

serviced by the base station 14.

» Onthe transmit side, the baseband processor 22 receives digitized data, which may represent voice, data, or

control information, from the network interface 30 under the control of control system 20, and encodes the data

for transmission. The encoded data is output to the transmit circuitry 24, where it is modulated by a carrier

signal having a desired transmit frequency or frequencies. A power amplifier (not shown) will amplify the

modulated carrier signal to a level appropriate for transmission, and deliver the modulated carrier signal to the
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antennas 28 through a matching network (not shown). Modulation and processing details are described in

greater detail below.

With reference to Figure 4, a mobile terminal 16 configured according to one embodimentofthe present

inventionis illustrated. Similarly to the base station 14, the mobile terminal 16 will include a control system 32,

-2 a baseband processor 34, transmit circuitry 36, receive circuitry 38, multiple antennas 40, and user interface

circuitry 42. The receive circuitry 38 receives radio frequency signals bearing information from one or more
74

base stations 14. Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and remove

broadband interference from the signal for processing. Downconversion and digitization circuitry (not shown)

will then downconvert the filtered, received signal to an intermediate or baseband frequency signal, whichis

then digitized mto one or more digital streams.

The baseband processor 34 processes the digitized received signal to extract the information or data bits

conveyed in the received signal. This processing typically comprises demodulation, decoding, and error

correction operations, as will be discussed on greater detail below. The baseband processor 34 is generally

implemented in one or more digital signal processors (DSPs) and application specific integrated circuits

(ASICs).

For transmission, the baseband processor 34 receives digitized data, which may represent voice, data, or control

information, from the control system 32, which it encodes for transmission. The encoded datais output to the
transmit circuitry 36, where it is used by a modulator to modulate a carrier signal that is at a desired transmit

frequency or frequencies. A power amplifier (not shown) will amplify the modulated carrier signal to a level

appropriate for transmission, and deliver the modulated carrier signal to the antennas 40 through a matching

network (not shown). Various modulation and processing techniques available to those skilled in theart are

applicable to the present invention.

In OFDM modulation, the transmission band is divided into multiple, orthogonal carrier waves. Each carrier

wave is modulated according to the digital data to be transmitted. Because OFDM divides the transmission

band into multiple carriers, the bandwidth per carrier decreases and the modulation time per carrier increases.

Since the multiple carriers are transmitted in parallel, the transmission rate for the digital data, or symbols, on

any given carrier is lower than when a single carrier is used.
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OFDM modulation requires the performance of an Inverse Fast Fourier Transform (IFFT) on the information to

be transmitted. For demodulation, the performance of a Fast Fourier Transform (FFT) on the received signal is

required to recover the transmitted information. In practice, the IFFT and FFT are provided by digital signal

processing carrying out an Inverse Discrete Fourier Transform (IDFT) and Discrete Fourier Transform (DFT),

“* respectively. Accordingly, the characterizing feature of OFDM modulationis that orthogonal carrier waves are
. generated for multiple bands within a transmission channel. The modulated signals are digital signals having a

relatively low transmission rate and capable of staying within their respective bands. The individual carrier

waves are not modulated directly by the digital signals. Instead, all carrier waves are modulated at once by

IFFT processing.

Tn the preferred embodiment, OFDMis used forat least the downlink transmission from the base stations 14 to

the mobile terminals 16. Each base station 14 is equipped with x transmit antennas 28, and each mobile

terminal 16 is equipped with m receive antennas 40. Notably, the respective antennas can be used for reception

and transmission using appropriate duplexers or switches and are so labeled only for clarity.

With reference to Figure 5, a logical OFDM transmission architecture is provided according to one

embodiment. Initially, the base station controller 10 will send data to be transmitted to various mobile

terminals 16 to the base station i4. The base station 14 may use the CQIs associated with the mobile terminals

to schedule the data for transmission as well as select appropriate coding and modulation for transmitting the

scheduled data. The CQIs may be directly from the mobile terminals 16 or determined at the base station 14

based on information provided by the mobile terminals 16. Jn either case, the CQI for each mobile terminal 16

is a function of the degree to which the channel amplitude (or response) varies across the OFDM frequency

band.

The scheduled data 44, which is a stream ofbits, is scrambled in a manner reducing the peak-to-average power

ratio associated with the data using data scrambling logic 46. A cyclic redundancy check (CRC)for the

"scrambled data is determined and appended to the scrambled data using CRC adding logic 48. Next, channel

coding is performed using channel encoderlogic 50 to effectively add redundancy to the data to facilitate

recovery and error correction at the mobile terminal 16. Again, the channel coding for a particular mobile

terminal 16 is based on the CQL The channel encoder logic 50 uses known Turbo encoding techniques in one
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embodiment. The encoded data is then processed by rate matching logic 52 to compensate for the data

expansion associated with encoding.

Bit interleaver logic 54 systematically reorders the bits in the encoded data to minimize the loss of consecutive

data bits. The resultant data bits are systematically mapped into corresponding symbols depending on the
chosen baseband modulation by mapping logic 56. Preferably, Quadrature Amplitude Modulation (QAM) or

* Quadrature Phase Shift Key (QPSK) modulation is used. The degree of modulation is preferably chosen based

on the CQIfor the particular mobile terminal. The symbols may be systematically reordered to further bolster

the immunity of the transmitted signal to periodic data loss caused by frequency selective fading using symbol

interleaver logic 58.

At this point, groups of bits have been mapped into symbols representing locations in an amplitude and phase

constellation. When spatial diversity is desired, blocks of symbols are then processed by space-time block

code (STC) encoder logic 60, which modifies the symbols in a fashion making the transmitted signals more

resistant to interference and more readily decoded at a mobile terminal 16. The STC encoderlogic 60 will

process the incoming symbols and provide » outputs corresponding to the number of transmit antennas 28 for

the base station 14. The control system 20 and/or baseband processor 22 will provide a mapping control signal

to control STC encoding. At this point, assume the symbols for the n outputs are representative of the data to

be transmitted and capable of being recovered by the mobile terminal 16. See A.F. Naguib, N. Seshadri, and

ALR. Calderbank, “Applications of space-time codes and interference suppression for high capacity and high

data rate wireless systems,” Thirty-Second Asilomar Conference on Signals, Systems & Computers, Volume 2,

pp. 1803-1810, 1998, which is incorporated herein by reference in its entirety.

For the present example, assume the base station 14 has two antennas 28 (n=2) and the STC encoder logic 60

provides two output streams of symbols. Accordingly, each of the symbol streams output by the STC encoder

logic 60 is sent to a corresponding IFFT processor 62,illustrated separately for ease of understanding. Those

skilled in the art will recognize that one or more processors may be used to provide such digital signal

~ -processing, alone or in combination with other processing described herein. The IFFT processors 62 will

preferably operate on the respective symbols to provide an inverse Fourier Transform. The output of the IFFT

processors 62 provides symbols in the time domain. The time domain symbols are grouped into frames, which

are associated with a prefix by like insertion logic 64. Hach of the resultant signals is up-converted in the

102

" Copy provided by USPTO from the IFW Image Database on 05/12/2005
107



108

Attorney Docket No. 17399ROUSO1P

digital domain to an intermediate frequency and converted to an analog signal via the correspondingdigital up-

conversion (DUC)and digital-to-analog (D/A) conversion circuitry 66. The resultant (analog) signals are then

simultaneously modulated at the desired RF frequency, amplified, and transmitted via the’RF circuitry 68 and
antennas 28. Notably, pilot signals known by the intended mobile terminal 16 are scattered among the sub-

carriers. The mobile terminal 16, which is discussed in detail below, will use the pilot signals for channel

estimation.

Reference is now made to Figure 6 to illustrate reception of the transmitted signals by a mobile terminal 16.

Uponarrival of the transmitted signals at each of the antennas 40 of the mobile terminal 16, the respective

signals are demodulated and amplified by corresponding RF circuitry 70. For the sake of conciseness and

clarity, only one of the two receive paths is described and illustrated in detail. Analog-to-digital (A/D)

converter and down-conversion circuitry 72 digitizes and downconverts the analog signal for digital processing.

The resultant digitized signal may be used by automatic gain control circuitry (AGC) 74 to controlthe gain of

the amplifiers in the RF circuitry 70 based onthereceived signal level.

Initially, the digitized signal is provided to synchronization logic 76, which includes coarse synchronization

logic 78, which buffers several OFDM symbols and calculates an auto-correlation between the two successive

OFDM symbols. A resultant time index corresponding to the maximum ofthe correlation result determines a

fine synchronization search window, which is used by fine synchronization logic 80 to determine a precise

framing starting position based on the headers. The output ofthe fine synchronization logic 80 facilitates

frame acquisition by frame alignment logic 84. Proper framing alignmentis important so that subsequent FFT

ptocessing provides an accurate conversion from the time to the frequency domain. The fine synchronization

algorithm is based on the correlation between the received pilot signals carried by the headers and a local copy

of the knownpilot data. Once frame alignment acquisition occurs, the prefix of the OFDM symbolis removed

with prefix removal logic 86 and resultant samples are sent to frequency offset correction logic 88, which

compensates for the system frequency offset caused by the unmatched local oscillators in the transmitter and the

receiver. Preferably, the synchronization logic 76 includes frequency offset and clock estimation logic 82,

* which is based on the headers to help estimate such effects on the transmitted signal and provide those

estimations to the correction logic 88 to properly process OFDM symbols.
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Atthis point, the OFDM symbolsin the time domain are ready for conversion to the frequency domain using

FET processing logic 90. The results are frequency domain symbols, which are sent to processing logic 92,

The processing logic 92 extracts the scattered pilot signal using scattered pilot extraction logic 94, determines a

channelestimate based on the extracted pilot signal using channel estimation logic 96, and provides channel

responsesfor all sub-carriers using channel reconstruction logic 98. In order to determine a channel response

for each of the sub-carriers, the pilot signal is essentially multiple pilot symbols that are scattered among the

« data symbols throughout the OFDM sub-carriers in a knownpattern in both time and frequency. Figure 7

illustrates an exemplary scattering of pilot symbols among available sub-carriers over a given time and.

frequency plot in an OFDM environment. Continuing with Figure 6, the processing logic compares the

received pilot symbols with the pilot symbols that are expected in certain sub-carriers at certain times to

determine a channel response for the sub-carriers in which pilot symbols were transmitted. The results are

interpolated to estimate a channel response for most, if not all, of the remaining sub-carriers for which pilot

symbols were not provided. The actual and interpolated channel responses are used to estimate an overall

channel response, which includes the channel responses for most, if not all, of the sub-carriers in the OFDM
channel.

The frequency domain symbols and channel reconstruction information, which are derived from the channel

responses for each receive path are provided to an STC decoder 100, which provides STC decoding on both

received paths to recover the transmitted symbols. The channel reconstruction information provides

equalization information to the STC decoder 100 sufficient to remove the effects of the transmission channel

when processing the respective frequency domain symbols

The recovered symbols are placed back in order using symbol de-interleaver logic 102, which corresponds to
the symbolinterleaver logic 58 of the transmitter. The de-interleaved symbols are then demodulated or de-

mapped to a corresponding bitstream using de-mapping logic 104. The bits are then de-interleaved using bit

de-interleaver logic 106, which correspondsto the bit interleaver logic 54 of the transmitter architecture. The

de-interleaved bits are then processed by rate de-matching logic 108 and presented to channel decoder logic 110

* to recover the initially scrambled data and the CRC checksum. Accordingly, CRC logic 112 removes the CRC

checksum, checks the scrambled datain traditional fashion, and provides it to the de-scrambling logic 114 for

de-scrambling using the known basestation de-scrambling code to recover the originally transmitted data 116.
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In parallel to recovering the data 116, a CQL, or at least information sufficient to create a CQI at the base station

14, is determined and transmitted to the basestation 14, As noted above, the CQT in a preferred embodimentis

a function of the carrier-to-interference ratio (CIR), as well as the degree to which the channel response varies

across the various sub-carriers in the OFDM frequency band. For this embodiment, the channel gain for each

sub-carrier in the OFDM frequency band being used to transmit information are compared relative to one

another fo determine the degree to which the channel pain varies across the OFDM frequency band. Although

+ numeroustechniquesare available to measure the degree of variation, one techniqueis to calculate the standard

deviation of the channel gain for each sub-carrier throughout the OFDM frequency band being used to transmit

data.
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WE CLAIM:

i. A method comprising:e at aterminal, receiving a short data burst from 2 basestation
e wherein said terminal is in either sleep mode oridle mode

2. A method comprising:ata basestation, receiving a short data burst from a terminal
e wherein said terminal is in either sleep mode oridle mode
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UPLINK CHANNEL SYSTEMS AND METHODS

Field of the Invention

This invention generally relates to the field of wireless communications. More specifically to
uplink space time coded fast feedback and acknowledgement channels for broadband mobile
wireless metropolitan area networks including networks operating according to the IEEE

« 802,16(e) standard.

Background of the Invention

For uplink transmission, when MIMOis employed,i.e. multiple transmit antennas are used at
terminal, the feedback channel can be extended into MIMO orspace time coded transmission
to achieve better performances, namely (1) reduce the transmit power for the terminal i.e, to
save the battery (2) to increase the amount of the feedback information to the network. This
invention presents a solution for the extension of the current IEEE802.16e uplink fast
feedback channels such as (1) Channel Quality Indicator (CQD (2) the HARQ
acknowledgment (ACK) channel.

Summary of the Invention

Fast Feedback

It is an object of the invention to provide fast feedback channel system and method for
broadband mobile wireless metropolitan area networks.

It is an object of the invention to provide fast feedback channel system and method wherein
slots may be individually allocated to MSS (mobile subscriber stations) for transmission of
physical layer related information that requires fast response from the MSS.

It is another object of the invention to provide a fast feedback channel system and method
wherein allocations are done in a number of ways including in a unicast manneror:

1, through the FAST_FEEDBACK MACsub-header, or
2. through the CQICH_Control IEQ, or
3. through the CQICH_Alloc_IEQor
4. through the CQICH_Enhanced_Alloc_IEQ,

It is another object of the invention to provide fast feedback channel system and method
» wherein the transmission may take place in a specific UL region designated by UIUC = 0.

Each enhanced fast-feedback slot includes at least 1 OFDMA slot mapped in a manner similar
to the mapping of normal uplink data.

It is another object of the invention to provide fast feedback channel system and method
wherein said slots uses QPSK modulation on the 48 data sub-carriers it may include, and may
carry a data payload of 4 bits, 5 bits or 6 bits (processing gain 48/6=8=12dB) the mapping
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between the payload bit sequences and the sub-carriers modulation for 4 bits, 5 bits and 6 bit
payload, respectively, a

ff
ACK Channel <

It is an object of the invention to provide an uplink ACK (Acknowledgement) that provides
feedback for Downlink Hybrid ARQ.

According to one embodiment this channel is only supported by MSSs supporting H-ARQ.
The MSS transmits ACK or NAK feedback for Downlink packet data.

Space Time Coding and Extensions to more than Two Antennas

It is an object of the invention to utilize trellis space-time coding for the fast feedback and
ACKchannels set out in the summary of the invention

Brief Description of the Drawings

Figure 1 provides an allocation of aFAST_FEEDBACK channelin accordance with an
embodiment of the invention.

Figure 2 provides Sub-carrier Mapping of FAST_FEEDBACK Modulation Symbolsfor
Partial Utilized Sub-Channel (PUSC) in accordance with an embodimentof the invention.

Figure 3 provides Sub-carrier Mapping of FAST_FEEDBACK Modulation Symbols for
Optional PUSC in accordance with an embodimentof the invention.

Figure 4 provides an Option-1 Space-Time Trellis Code in accordance with an embodiment of
the invention

Figure 5 provides an Option-1 Space-TimeTrellis Code in accordance with an embodiment of
the invention

Figure 6 is a block representation of a cellular communication system.

Figure 7 is a block representation of a base station according to one embodimentof the

present invention.

Figure 8 is a block representation of a mobile terminal according to one embodimentof the

. present invention.

Figure 9 is a logical breakdown of an OFDMtransmitter architecture according to one

embodimentof the present invention.
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Figure 10 is a logical breakdown of an OFDM receiver architecture according to one

embodimentof the present invention.

Figure 11 illustrates a pattern of sub-carriers for carrying pilot symbols in an OFDM

environment.

Detailed Description of Embodiments of the Invention

The following modification is based on IEEE standard p802.16e/D5 which is hereby
incorporated by reference.

Fast Feedback

Table 1 sets out a Fast_Feedback channel sub-carrier modulation in accordance with an
embodimentof the invention.

Table 1 FAST_FEEDBACKchannel sub-carrier modulation with 4 bit

: Fast Feedback vector indices per Tile
Tie), THe)Te)  

  
  
 

 
 

 

 

 
 
 
 
 
 
 
 

 
 

Table 2 sets out a Fast_Feedback channel sub-carrier modulation in accordance with an
embodiment of the invention.

Table 2 FASTFEEDBACKchannel sub-carrier modulation with 5 bit
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Fast Feedback vectorindices per Tile
Tile(O), Tile(1), ... ,Tile(5)

.

:

poTONAL8645

Table 3 sets out a Fast_Feedback channel sub-carrier modulation in accordance with an
embodiment of the invention.

Table 3 FASTFEEDBACK channel sub-carrier modulation with 6 bit

 : Fast Feedback vector indices per Tile
6 bit payload Tile(0), Tile(1), ... ,Tile(S
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0b101101 2,0,4,7,1,6
0b101110 1,3,7,4,2,5
0b101111 0,2,6,5,3,4

pobULO000_51,2.43,6
|ObNIOODN40,3527
PTI730,614
poObLNOONA620,7,00,5

, poTOLDPS60,7,2
pTNIOION|4763
|NONI874250
PpONION2653.41
PpOHNOP4367
[|ObNTOON352,76
PpbOI806,145
pL705A
pobTTOOTS6,0,7,2,3
poONION471632
JObNAAIO74S
[OUTTA6534

In accordance with an embodiment of the invention, a FAST_FEEDBACK channel may be

orthogonally modulated with QPSK symbols. For example, Let M,en. (05k 57) be the
modulation symbol index of the k-th modulation symbol in the m-th uplink tile of the n-th
FAST_FEEDBACK channel. The possible modulation patterns composed of M,,,, .

Mamie «> Myema7 in the m-th tile of the n-th FAST_FEEDBACK channel include those
defined in Tabie 4.

Table 4 —Orthogonal Modulation Index in FAST_FEEDBACK Channel

  
 

Mains Manet >” Mysme7

  z/3|3 SISZISIS Aad S z3

z sisiz 3i3i3 3
o “Spoiled zh

s 8

Conj{-P1,PO,-P3,P2,-P1,P0,-P3,P2
Conj{-P3,P0,-P1,P2,-P3,P0,- P1,P2

, FO, Pl Conj{-P0,P0,-P1,P1,-P2,P2,- P3,P3
0,P3,P3 Conj{-P0,P0,-P3,P3,-P2,P2,- PLPI

PO,PO,PO, Conj{-P0,PO,-P0,PO,-P0,PO,- PO.PO
, P2 Coni{-P2,P0,-P2,P0,-P2,P0,- P2.P0

-P2, PO,P2,P Conj(-P2,P0,-P2,P0,-P0,P2,- PO,P2
Conj{-P2,P0,-P0,P2,-P0,P2,- P2,P0

S
pie

"g

aig SLs
2

ia”iS fas id ygoO ~~th 8s vy S)pjs|o S

.

pO
po

pS
6  

Where

. . #

PO =exp(j “Ds Pl=exp¢1%, P2=exp(—j-2, P3=exp(—j 7? .
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Mame 18 mapped to FAST_FEEDBACKchanneltile as shownin Figure 2 for PUSC uplink
sub-channel and in Figure 3 for optional PUSC uplink sub-channel. A FAST_FEEDBACK
channel is mapped to one sub-channel composed of6 tiles (PUSC)or 3 tiles (optional PUSC)

ACK Channel

According to an embodimentof the invention one ACK channel occupies a half sub-channel,
which may be 3 pieces of a 3x3 uplink tile in the case of optional PUSC or 3 pieces of a 4x3
uplink tile in the case of PUSC. According to one embodiment of the invention the
acknowledgement bit of the n-th ACK channel is ‘0' (ACK) if the corresponding downlink
packet has been successfully received; otherwise, it is 'l' (NAK). This 1 bit may be encoded
into a length 3 codeword over an 8-ary alphabet for error protection as shown in Table 5.

Table 5 sets out an ACK channel sub-carrier modulation in accordance with an embodiment

of the invention.

’ Table 5 ACK channel sub-carrier modulation

ACK1-bit Vector Indices per Tile {Tile(0),
symbol Tile(1), Tile(2)

fpOT

In accordance with an embodiment of the invention the UL ACK channel is orthogonally
modulated with QPSK symbols. For example, Let be the modulation symbol index of the kth
modulation symbol in the mth uplink tile of the xth UL ACK channel. The possible
modulation patterns composed of in the mth tile of the nth UL ACK channel include those
shown in Table 6.

   
4,7,2

Table 6 provides an Orthogonal modulation index in an UL ACK Channelin accordance with
an embodimentof the invention.

Table 6 Orthogonal Modulation Index in UL ACK Channel

  

  
 

   

|OPO,P2,P2,P3,PO,PI,P2,P3_—|Conj{-P1,P0,-P3,P2,-P1,P0,-P3,P2}|
tdPO,P3,P2,P1,PO,P3,P2,P1|Conj{-P3,P0,-P1,P2,-P3,P0,-P1,P2}__|.

PO, PO, PO, PO, PO, PO, PO, PO
PO, P2, PO, P2, PG, P2, PO, P2 Conij{-P2,P0,-P2,P0,-P2,P0,-P2,-P0

6 PO, P2, PO, P2, P2, PO, P2, PO
PO, P2, P2, PO, P2, PO, PO, P2  

Where:
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.

PO=exp(j oD Pl=explj=), P2 =exp(—77, P3=exp(-j-7)- 7

Mismek May be mapped to an UL ACK channel tile as shown in Figure 1 for #PUSC uplink
sub-channel and in Table 6 for an optional PUSC uplink sub-channel. An UL ACK channel
may be mapped to half sub-channel composed of3 tiles (PSUC)or 1.5 tiles (optional PUSC)

~ In accordance with an embodimentofthe invention trellis space-time coding is shown for a
fast feedback and ACK channel in Figures 4 and 5.

Space Time Coding and Extensions to more than Two Antennas

The extension to 3 and 4 transmit antennas can including the following:

For example,let the complex symbols to be transmitted be x1, x2, x3, x4 which take values
= ei?

from a square QAM constellation. Let 8; =X" for i=1,2,...,5, where @ = 66’ for QPSK,and
let 3; =Si; + j839 5 85 = Soy + ISa0 353 = Say + Jig > 34 = $4) + jsoqi5s = ¥s7 + 549 where

§; = 5; + j8jg. The Space-Time-Frequency code (over two OFDMA symbols and two sub-
cartiers) for 3 transmit antenna configuration with diversity order 3 may include

3-50 0~ oe ~ ~*

A=/8, 3 5; —S,

00 5, FY

The Space-Time-Frequency code (over two OFDMA symbols and two sub-carriers) for 4
transmit antenna configuration with diversity order 4 may include

3% *% Oo oO]

a=|2 OO
0 5; 4%

0 0 -%" 3"

With reference to Figure 6, a base station controller (BSC) 10 controls wireless

° communications within multiple cells 12, which are served by corresponding base stations

(BS) 14. In general, each base station 14 facilitates communications using OFDM with

mobile terminals 16, which are within the cell 12 associated with the corresponding base

station 14. The movementof the mobile terminals 16 in relation to the base stations 14 results

in significant fluctuation in channel conditions. As illustrated, the base stations 14 and mobile

terminals 16 may include multiple antennas to provide spatial diversity for communications.
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A high level overview of the mobile terminals 16 and base stations 14 of the present invention

is provided prior to delving into the structural and functional details of the preferred

embodiments. With reference to Figure 7, a base station 14 configured according to one

embodimentof the present inventionis illustrated, The base station 14 generally includes a

contral system 20, a baseband processor 22, transmit circuitry 24, receive circuitry 26,

multiple antennas 28, and a network interface 30. The receive circuitry 26 receives radio

frequency signals bearing information from one or more remote transmitters provided by

mobile terminals 16 (Hlustrated in Figure 8). Preferably, a low noise amplifier and a filter

(not shown) cooperate to amplify and remove broadbandinterference from the signal for

processing. Downconversion and digitization circuitry (not shown) will then downconvert the

filtered, received signal to an intermediate or baseband frequency signal, which is then

digitized into one or more digital streams.

The baseband processor 22 processes the digitized received signal to extract the information

or data bits conveyed in the received signal. This processing typically comprises

demodulation, decoding, and error correction operations. As such, the baseband processor 22

is generally implemented in one or more digital signal processors (DSPs) or application-

specific integrated circuits (ASICs). The received information is then sent across a wireless

network via the network interface 30 or transmitted to another mobile terminal 16 serviced by

the base station 14.

Onthe transmit side, the baseband processor 22 receives digitized data, which may represent

voice, data, or control information, from the network interface 30 underthe control ofcontrol

system 20, and encodes the data for transmission. The encoded data is output to the transmit

circuitry 24, where it is modulated by a carrier signal having a desired transmit frequency or

frequencies. A power amplifier (not shown) will amplify the modulated carrier signal to a

- level appropriate for transmission, and deliver the modulated carrier signal to the antennas 28

through a matching network (not shown). Modulation and processing details are described in

greater detail below.
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With reference to Figure 8, a mobile terminal 16 configured according to one embodiment of

the present invention is illustrated. Similarly to the base station 14, the mobile terminal 16

will include a control system 32, a baseband pracessor34,transmit circuitry 36, receive

circuitry 38, multiple antennas 40, and user interface circuitry 42. The receive circuitry 38

receives radio frequency signals bearing information from one or more basestations 14.

Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and remove

broadbandinterference from the signal for processing. Downconversion and digitization

circuitry (not shown) will then downconvert the filtered, received signal to an intermediate or

baseband frequency signal, which is then digitized into one or more digital streams.

The baseband processor 34 processes the digitized received signal to extract the information

or data bits conveyed in the received signal. This processing typically comprises

demodulation, decoding, and error correction operations, as will be discussed on greater detail

below. The baseband processor 34 is generally implemented in one or moredigital signal

processors (DSPs) and application specific integrated circuits (ASICs).

Fortransmission, the baseband processor 34 receives digitized data, which may represent

voice, data, or control information, from the control system 32, which it encodes for

transmission. The encoded data is outputto the transmit circuitry 36, whereit is used by a

modulator to modulate a carrier signal that is at a desired transmit frequency or frequencies.

A power amplifier (not shown) will amplify the modulatedcarrier signal to a level appropriate

for transmission, and deliver the modulated carrier signal to the antennas 40 through a

matching network (not shown). Various modulation and processing techniques available to

those skilled in the art are applicable to the present invention.

In OFDM modulation, the transmission band is divided into multiple, orthogonal carrier

waves. Each carrier wave is modulated according to the digital data to be transmitted.

. Because OFDM divides the transmission band into multiple carriers, the bandwidth per carrier

decreases and the modulation time per carrier increases. Since the multiple carriers are

transmitted in parallel, the transmission rate for the digital data, or symbols, on any given

carrier is lower than when a single carrier is used.
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OFDM modulation requires the performance of an Inverse Fast Fourier Transform (IFFT) on

the information to be transmitted. For demodulation, the performance of a Fast Fourier

Transform (FFT) on the received signal is required to recover the transmitted information. In

practice, the IFFT and FFT are provided by digital signal processing carrying out an Inverse

Discrete Fourier Transform (IDFT) and Discrete Fourier Transform (DFT), respectively.

Accordingly, the characterizing feature of OFDM modulationis that orthogonal carrier waves

are generated for multiple bands within a transmission channel. The modulated signals are

digital signals having a relatively low transmission rate and capable of staying within their

respective bands. The individual carrier waves are not modulated directly by the digital

| signals. Instead,all carrier waves are modulated at once by IFFT processing.

In the preferred embodiment, OFDM is used forat least the downlink transmission from the

base stations 14 to the mobile terminals 16. Each base station 14 is equipped with 7 transmit

antennas 28, and each mobile terminal 16 is equipped with m receive antennas 40. Notably,

the respective antennas can be used for reception and transmission using appropriate
 

duplexers or switches and are so labeled only for clarity.

With reference to Figure 9, a logical OFDM transmission architecture is provided according

to one embodiment. Initially, the base station controller 10 will send data to be transmitted to

various mobile terminals 16 to the base station 14. The base station 14 may use the CQIs

associated with the mobile terminals to schedule the data for transmission as weilas select

appropriate coding and modulationfor transmitting the scheduled data. The CQIs may be

directly from the mobile terminals 16 or determined at the base station 14 based on

information provided by the mobile terminals 16. In either case, the CQI for each mobile

terminal 16 is a function of the degree to which the channel amplitude (or response) varies

across the OFDM frequency band.

The scheduled data 44, whichis a stream ofbits, is scrambled in a manner reducing the peak-

to-average powerratio associated with the data using data scrambling logic 46. A cyclic

redundancy check (CRC) for the scrambled data is determined and appendedto the scrambled
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data using CRC adding logic 48. Next, channel coding is performed using channel encoder

logic 50 to effectively add redundancyto the data to facilitate recovery and error correction at

the mobile terminal 16. Again, the channel coding for a particular mobile terminal 16 is

based on the CQJ. The channel encoder logic 50 uses known Turbo encoding techniques in

one embodiment. The encoded data is then processed by rate matching logic 52 to

compensate for the data expansion associated with encoding.

Bitinterleaver logic 54 systematically reorders the bits in the encoded data to minimize the

loss of consecutive data bits. The resultant data bits are systematically mapped into

corresponding symbols depending on the chosen baseband modulation by mappinglogic 56.

Preferably, Quadrature Amplitude Modulation (QAM) or Quadrature Phase Shift Key

(QPSK) modulation is used. The degree of modulation is preferably chosen based on the CQT

for the particular mobile terminal. The symbols may be systematically reordered to further

bolster the immunity of the transmitted signal to periodic data loss caused by frequency

selective fading using symbol interleaver logic 58.

At this point, groups of bits have been mapped into symbols representing locations in an

amplitude and phase constellation. When spatial diversity is desired, blocks of symbols are

then processed by space-time block code (STC) encoder logic 60, which modifies the symbols

in a fashion making the transmitted signals more resistant to interference and more readily

decoded at a mobile terminal 16. The STC encoder logic 60 will process the incoming

symbols and provide » outputs corresponding to the numberof transmit antennas 28 for the

base station 14. The control system 20 and/or baseband processor 22 will provide a mapping

control signal to control STC encoding. At this point, assume the symbols for the n outputs

are representative of the data to be transmitted and capable of being recovered by the mobile

terminal 16. See A.F. Naguib, N. Seshadri, and A.R. Caiderbank, “Applications of space-

time codes and interference suppression for high capacity and high data rate wireless

systems,” Thirty-Second Asilomar Conference on Signals, Systems & Computers, Volume 2,

pp. 1803-1810, 1998, which is incorporated herein by reference in its entirety.
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For the present example, assumethe base station 14 has two antennas 28 (n=2) and the STC

encoder logic 60 provides two output streams of symbols. Accordingly, each of the symbol

streams output by the STC encoder logic 60 is sent to a corresponding IFFT processor 62,

illustrated separately for ease of understanding. Those skilled in the art will recognize that

one or more processors may be used to provide such digital signal processing, alone or in

combination with other processing described herein. The IFFT processors 62 will preferably

operate on the respective symbols to provide an inverse Fourier Transform. The output of the

IFFT processors 62 provides symbolsin the time domain. The time domain symbols are

grouped into frames, which are associated with a prefix by like insertion logic 64. Each of the

resultant signals is up-converted in the digital domain to an intermediate frequency and

converted to an analog signal via the corresponding digital up-conversion (DUC)anddigital-

to-analog (D/A) conversion circuitry 66. The resultant (analog) signals are then

simultaneously modulated at the desired RF frequency, amplified, and transmitted via the RF

circuitry 68 and antennas 28. Notably, pilot signals known by the intended mobile terminal

16 are scattered among the sub-carriers. The mobile terminal 16, which is discussed in detail

below, will use the pilot signals for channel estimation.

Reference is now madeto Figure 10to illustrate reception of the transmitted signals by a

mobile terminal 16, Upon arrival of the transmitted signals at each of the antennas 40 of the

mobile terminal 16, the respective signals are demodulated and amplified by corresponding

RF circuitry 70. For the sake of conciseness and clarity, only one of the two receive paths is

described and illustrated in detail. Analog-to-digital (A/D) converter and down-conversion

circuitry 72 digitizes and downconverts the analog signal for digital processing. The resultant

digitized signal may be used by automatic gain control circuitry (AGC) 74 to control the gain

of the amplifiers in the RF circuitry 70 based on the received signal level.

Initially, the digitized signal is provided to synchronization logic 76, which includes coarse

synchronization logic 78, which buffers several OFDM symbols and calculates an auto-

correlation between the two successive OFDM symbols. A resultant time index

corresponding to the maximum ofthe correlation result determines a fine synchronization

search window,whichis used by fine synchronization logic 80 to determine a precise framing
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starting position based on the headers. The output ofthe fine synchronization logic 80

facilitates frame acquisition by frame alignment logic 84. Proper framing alignmentis

important so that subsequent FFT processing provides an accurate conversion frém the time to

the frequency domain. The fine synchronization algorithm is based on the correlation

between the received pilot signals carried by the headers and a local copy of the knownpilot

data. Once frame alignment acquisition occurs, the prefix of the OFDM symbolis removed

. with prefix removal logic 86 and resultant samples are sent to frequency offset correction

logic 88, which compensates for the system frequency offset caused by the unmatchedlocal

oscillators in the transmitter and the receiver. Preferably, the synchronization logic 76

includes frequency offset and clock estimation logic 82, which is based on the headers to help

estimate such effects on the transmitted signal and provide those estimations to the correction

logic 88 to properly process OFDM symbols.

At this point, the OFDM symbols in the time domain are ready for conversion to the

frequency domain using FFT processing logic 90. The results are frequency domain symbols,

which are sent to processing logic 92. The processing logic 92 extracts the scattered pilot

signal using scattered pilot extraction logic 94, determines a channel estimate based on the

extracted pilot signal using channel estimation logic 96, and provides channel responses for

all sub-carriers using channel reconstruction logic 98. In order to determine a channel

response for each of the sub-carriers, the pilot signal is essentially multiple pilot symbols that

are scattered among the data symbols throughout the OFDM sub-carriers in a knownpattern

in both time and frequency. Figure 11 illustrates an exemplary scattering of pilot symbols

among available sub-carriers over a given time and frequency plot in an OFDM environment.

Continuing with Figure 10, the processing logic compares the received pilot symbols with the

pilot symbols that are expected in certain sub-carriers at certain times to determine a channel

response for the sub-carriers in which pilot symbols were transmitted. The results are

interpolated to estimate a channel response for most,if not all, of the remaining sub-carriers

. for which pilot symbols were not provided. The actual and interpolated channel responses are

used to estimate an overall channel response, which includes the channel responses for most,

if notall, of the sub-carriers in the OFDM channel.
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The frequency domain symbols and channel reconstruction information, which are derived

from the channel responses for each receive path are provided to an STC decoder 100, which

provides STC decoding on both received paths to recover the transmitted symbols. The

channel reconstruction information provides equalization information to the STC decoder 100

sufficient to remove the effects of the transmission channel when processing the respective

frequency domain symbols

The recovered symbols are placed back in order using symbol de-interleaver logic 102, which

corresponds to the symbolinterleaver logic 58 of the transmitter. The de-interleaved symbols

are then demodulated or de-mapped to a corresponding bitstream using de-mapping logic 104.

The bits are then de-interleaved using bit de-interleaver logic 106, which corresponds to the

bit interleaver logic 54 of the transmitter architecture. The de-interleaved bits are then

processed by rate de-matching logic 108 and presented to channel decoder logic 110 to

recover the initially scrambled data and the CRC checksum. Accordingly, CRC logic 112

removes the CRC checksum, checks the scrambled data in traditional fashion, and providesit

to the de-scrambling logic 114 for de-scrambling using the known basestation de-scrambling

code to recoverthe originally transmitted data 116.

In parallel to recovering the data 116, a CQJ, or at least information sufficient to create a CQI

at the base station 14, is determined and transmitted to the base station 14, As noted above,

the CQT in a preferred embodimentis a function of the carrier-to-interference ratio (CIR), as

well as the degree to which the channel response varies across the various sub-carriers in the

OFDM frequency band. For this embodiment, the channel gain for each sub-carrierin the

OFDM frequency band being used to transmit information are comparedrelative to one

another to determine the degree to which the channel gain varies across the OFDM frequency

band. Although numerous techniques are available to measure the degree of variation, one

technique is to calculate the standard deviation of the channel gain for each sub-carrier

throughout the OFDM frequency band being used, to transmit data.
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WE CLAIM:

1. A method comprising:© Provisioning a control signal for transmission to a basestation using space time coding
of MIMO coding

e Wherein said transmission is to occur via at least 2 antennas.
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DOWNLINK RESOURCE ALLOCATION SYSTEMAND METHOD2

Field of the Invention

This invention generally relates to the field of wireless communications. More specifically to downlink
» resource allocation systems and methods for broadband mobile wireless metropolitan area networks including

networks operating according to the IEEE 802.16(e) standard.

Background of the Invention

In the current 802.16¢ draft standard (p802.16e/D5), downlink (DL) and uplink (UL) resource or data burst
assignment is performed by layer 2 or MAC (medium access control) control messages called DL/UL-MAP

| messages.

In the DL-MAP message, each DL access region is described by a DL-MAP Information Element (IE) which
i includes OFDMA symboloffset (8 bits), Subchannel offset (6 bits), number of OFDMA symbols (8 bits) and

number of subchannels (6 bits). By using such a mechanism, the minimum or basic DL resource unit is 1
subchannel (or mini-subchannel) x 1 OFMDA symbol. If assuming 20 MSSes are assigned DL resource per
frame, 480 bits in DL-MAP will be used for region assignments. This results in large overhead.

Aneed exists therefore for an improved downlink resource allocation system and method

Summary of the Invention

It is an object of the invention to provide a downlink resource allocation system and method that reduces
overhead.

It is an object of the invention to provide a downlink resource allocation system and methodthat includes a two-
step method of resource assignment that reduces the overhead caused by the region description.

It is an object of the invention to provide a downlink resource allocation system and methodthat includes a two-
step method of resource assignment wherein the first step includes Channel definition wherein:

* The DLresource used for users traffic may be divided into two types of channels (regions)
« Achannel of type | includes a larger number basic resource units and an assigned channe] ID (CHID)

o This type of channel may be assigned to MSS whohas a larger amount of DLtraffic
o Only one ofthis type of channel may be assigned to a MSS

« A channel of type 2 includes a basic resource unit (could be as small as 1 OFDMA symbol X 1
subchannel or 1 OFDMA symbol X 1 mini-subchamnel or 1 bin in AMC permutation) and an assigned
channel ID (CHID) .

© ‘This type of channel may assigned to MSS whohas a small amount of DL traffic
o One or more ofthis type of channel may be assigned to a MSS

« A Channel Definition includes the resource division among channels, channel ID (CHED) assignment
and number of bits of CHID (Num_bits of CHTD). The channel definition is sent in DCD message and
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such a channel definition may be updated slowly based ontraffic statistics

It is another object of the invention to provide a downlink resourceallocation system and methodthat includes a
two-step method of resource assignment wherein the second step includes resource acce$s description in MAP
wherein:

e 1 bit is used to indicate a type ofchannel
¥ « For type 1 channel, Num_bits_CHID bits are used to indicate channel ID (CHID)

* For type 2 channel, Num_bits_CHID bits are usd to indicate channel ID and 2 bits are used to indicate
the numberof channels

It is an object of the invention to provide a downlink resource allocation system and method wherein a DL
access region description may be reduced to 7 bits (for type 1) from 28 bits and to 9 bits for type 2 if assuming a
Num_bits_CHID of6.
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Brief Description of the Drawings

 
Figure 1 provides a channel definition and DL access IE in accordance with an embodimentof the invention.

Figure 2 provides a channel definition and DL access TE in accordance with an embodimentof the invention.

Figure 3 provides a resource assignment in accordance with an embodimentof the invention.

Figure 4 is a block representation of a cellular communication system.

Figure 5 is a block representation of a base station according to one embodimentof the present invention.

Figure 6 is a block representation of a mobile terminal according to one embodiment of the present invention.
Figure 7 is a logical breakdown of an OFDM transmitter architecture according to one embodiment ofthe

present invention.

Figure 8 is a logical breakdown of an OFDM receiverarchitecture according to one embodiment of the present

invention.

Figure 9 illustrates a pattern of sub-carriers for carrying pilot symbols in an OFDM environment.

Detailed Description of Embodiments of the Invention

The following modification is based on IEEE standard p802.16e/D5 which is hereby incorporated by reference.

Figure 1 set provides a channel definition and a DL access TE to enable the reduced overhead in accordance
with an embodiment of the invention. As will be apparent to one of skill in the art a logical channel is shown.

Using a two step resource region description, the total overhead involved may be reduced from 480 bits to <=
180 bits assuming 20 MSSes DLtraffic are scheduled in a frame.

In some scenarios (withoutirregular assignment, e.g., assignment for SHO, which needs synchronized resource
assignment across all members in active set of a MSS), the overhead of DL region description can be further |
reduced if the access IE are listed in the same order of Channel ID list. In this case, the CHID field may be
omitted and the overhead may be reduced further as a result. See for example the downlink resource
allocation scheme shown in Figure 2 which provides a channel definition and a DL access IE to enable the
reduced overhead if the channel may be assigned in order. As will be apparent to one ofskill in the art a
logical channel is shown.

Underthis scenario, the overhead involved in allocation region description may be reduced from 480 bits to <=
60 bits.

Figure 3 provides another example where DL-MAP occupiespartial type 1 channel 0 and some resource is
140
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assigned to SHO MSSs and some MSSis allocated both type 1 channel and type 2 channel,

Table 1 provides an Enhanced DL MAP IE in accordance with an embodimentof the invention. This IE may
be used for BS to indicate the DL resource allocation by using a two step DL resource assignment method.

Table 1. Enhanced DL MAP IE Format

Syntax|Size|CNid
EnhanceDL_MAP_IKO es
a

f4bits

Extended DIUC

4 bits Numberof assignments in this IENum_Assig ment
xg

i<Num_Assignment;i++
ee
6bits

po
Boosting 3bis
DIUC

Indication

Assignment_Code 3 bits Ob000; one type 1 channel assigned
and explicitly indicated CHID
Ob001: type 2 channel assigned and
explicitly indicated CHID of the
first type 2 channel
0b010: one type I channel + type 2
channel(s) assigned and explicitly
indicated CHIDs for the type 1
channel andthe first type 2 channel
ObO11: Using normal region ©
description
0b100: one type 1 channel assigned
and no explicitly indicated CHID
0b101: type 2 channel(s) assigned
and no explicitly indicated CHID
0b110: one type 1 channel + type 2
channel(s) assigned and no
explicitly indicated CHIDs for the
type | channel and the first type 2
channel

ObiLi: reserved

Oo 
If (Assignment_Code ==|—~SCSY
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000) pT
Num_bits_CHID Indicated in DCD

001)
PO

Num_bits_CHID Indicated in DCD:
|NumChannel[2bits

SRneCn
. If (Assignment_Code ==

010

REnSIQO
Indicated in DCD

PCDEE
|_____Numichannely(2bitsS|C—“(‘“‘“‘(‘(‘(‘(‘(‘(“CS:*S*S*:*:*SC*”

RR(ORG
Tf (Assignment_Code ==

‘1011

aeeee
OFDMAsymboloffset[8bits=|Cis ‘
Subchannel_offsetf6bisPs
No, OFDMAsymbols [Sbis
|=No.subchannels=Gbits|
PO

If (Assignment_Code =
1011110

PP po
} po

Wherein:

Num_Assignment
Numberof assignements in this IE

Assignment_Code
Ob000: one type 1 channel assigned and explicitly indicated CHID
Ob001: type 2 channel(s) assigned and explicitly indicated the CHID of the first channel

assigned
ObO10: one type 1 channel + type 2 channel(s) assigned and explicitly indicated CHIDs for the

type 1 channel and the first type 2 channel
ObO11: Using normal region description; When set, the resource allocation shall override the

channel definition

Ob100: one type 1 channel assigned and no explicitly indicated CHID (the type 1 channel shall
be the channel following the channel (in channellist) assigned in previous type 1 channel assignment)

0b101: type 2 channel(s) assigned and no explicitly indicated CHID (the first type 2 channel
shall be the channel following the channel(s) (in channel list) assigned in previous type 2 channel
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assigument)
0b1i10: one type 1 channel + type 2 channel(s) assigned and no explicitly indicated CHIDs for

the type 1 channel and the type 2 channel (the type 1 channel shall be the channel following the channel
(in channel list) assigned in previous type 1 channel assignment and thefirst type 2 channel shall be the
channel following the channel(s) (in channel list) assigned in previous type 2 channel assignment)
0b111: reserved

CHID

Channel index defined in DCD message

Num_Channeis
Numberof type 2 channel(s) assigned

Table 2 provides DCD channel encoding in accordance with an embodimentof the invention.

Table 2 —- DCD Channel Encoding

This is a bitmap describing the bands allocated to the
subchannel bitmap segment in the DL, when using the optional AMC
for optional AMC permutation (see 8.4.6.3). The LSB of the first byte
permutation shall correspond to band 0. For any bit that is not set,

the corresponding band shall not be used by the MSS
on that segment.

DL channeldefinition Size of CHID field (6 bits)
Num_Type 1_channels (6 bits)
For (i= 0; i¢Num_typel_channel;i++)

OFDMA symboloffset (8 bits)
Subchanneloffset (6 bits)
No. OFDMA symbols (8 bits)
No. subchannels (6 bits)

}
Num_Type 2_channels (6 bits)
For (i = 0; i<Num_type2_channel;i++)

OFDMA symbol offset (8 bits)
¥ Subchanneloffset (6 bits)

No. OFDMAsymbols (8 bits)
No. subchannels (6 bits)

 
I
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With reference to Figure 4, a base station controller (BSC) 10 controls wireless communications within multiple

cells 12, which are served by corresponding base stations (BS) 14. In general, each base station 14 facilitates

communications using OFDM with mobile terminals 16, which are within the cell 12 associated with the

corresponding base station 14. The movementof the mobile terminals 16 in relation to the base stations 14

«results in significant fluctuation in channel conditions. Asillustrated, the base stations 14 and mobile terminals

16 may include multiple antennas to provide spatial diversity for communications.

A high level overview of the mobile terminals 16 and base stations 14 of the present invention is provided prior

to delving into the structural and functional details of the preferred embodiments. With reference to Figure 5, a

base station 14 configured according to one embodiment of the present invention is illustrated. The base

station 14 generally includes a control system 20, a baseband processor 22, transmit circuitry 24, receive

circuitry 26, multiple antennas 28, and a network interface 30. The receive circuitry 26 receives radio

frequency signals bearing information from one or more remote transmitters provided by mobile terminals 16

(ilustrated in Figure 6). Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and

remove broadband interference from the signal for processing. Downconversion and digitization circuitry (not

shown) will then downconvert the filtered, received signal to an intermediate or baseband frequency signal,

which is then digitized into one or more digital streams.

The baseband processor 22 processes the digitized received signal to extract the information or databits

conveyed in the received signal. This processing typically comprises demodulation, decoding, and error

correction operations. As such, the baseband processor 22 is generally implementedin one or more digital

signal processors (DSPs) or application-specific integrated circuits (ASICs). The received information is then

sent across a wireless network via the network interface 30 or transmitted to another mobile terminal 16

serviced by the base station 14.

On the transmit side, the baseband processor 22 receives digitized data, which may represent voice, data, or
control information, from the network interface 30 under the control of control system 20, and encodes the data

for transmission. The encoded data is output to the transmit circuitry 24, where it is modulated by a carrier

signal having a desired transmit frequency or frequencies. A power amplifier (not shown) will amplify the

modulated carrier signal to a level appropriate for transmission, and deliver the modulated carrier signal to the
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antennas 28 through a matching network (not shown). Modulation and processing details are described in
o

greater detail below. Pa

With reference to Figure 6, a mobile terminal 16 configured according to one embodimentof the present

- invention is illustrated. Similarly to the base station 14, the mobile terminal 16 will include a control system 32,

a baseband processor 34, transmit circuitry 36, receive circuitry 38, multiple antennas 40, and userinterface

circuitry 42. The receive circuitry 38 receives radio frequency signals bearing information from one or more

base stations 14. Preferably, a low noise amplifier and a filter (not shown) cooperate to amplify and remove

broadband interference from the signal for processing. Downconversion and digitization circuitry (not shown)

will then downconvert the filtered, received signal to an intermediate or baseband frequency signal, which is

then digitized into one or more digital streams.

The baseband processor 34 processesthe digitized received signal to extract the information ordata bits

conveyed in the received signal. This processing typically comprises demodulation, decoding, and error
correction operations, as will be discussed on greater detail below. The baseband processor 34 is generally

implemented in one or more digital signal processors (DSPs) and application specific integrated circuits

(ASICs).

Fortransmission, the baseband processor 34 receives digitized data, which may represent voice, data, or control

information, from the control system 32, which it encodes for transmission. The encoded data is output to the
transmit circuitry 36, where it is used by a modulator to modulate a carrier signal that is at a desired transmit

frequency or frequencies. A power amplifier (not shown) will amplify the modulated carrier signal to a level

appropriate for transmission, and deliver the modulated carrier signal to the antennas 40 through a matching

network (not shown). Various modulation and processing techniques available to those skilled in the art are

applicable to the present invention.

In OFDM modulation, the transmission bandis divided into multiple, orthogonal carrier waves. Each carrier

wave is modulated according to the digital data to be transmitted. Because OFDM divides the transmission

band into multiple carriers, the bandwidth per carrier decreases and the modulation time per carrier increases.

Since the multiple carriers are transmitted in parallel, the transmission rate for the digital data, or symbols, on

any givencarrier is lower than when a single carrier is used.
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OFDM modulation requires the performanceof an Inverse Fast Fourier Transform (IFFT) onthe information to

be transmitted. For demodulation, the performance of a Fast Fourier Transform (FFT) on the received signal is

required to recover the transmitted information. In practice, the IFFT and FFT are provided bydigital signal

* . processing carrying out an Inverse Discrete Fourier Transform (IDFT) and Discrete Fourier Transform (DFT),

respectively. Accordingly, the characterizing feature of OFDM modulation is that orthogonal carrier waves are

generated for multiple bands within a transmission channel. The modulated signals are digital signals having a

relatively low transmission rate and capable of staying within their respective bands. The individual carrier

waves are not modulated directly by the digital signals. Instead, all carrier waves are modulated at once by

IFFT processing.

In the preferred embodiment, OFDM is used for at least the downlink transmission from the basestations 14 to

the mobile terminals 16. Each basestation 14 is equipped with n transmit antennas 28, and each mobile

terminal 16 is equipped with m receive antennas 40. Notably, the respective antennas can be used for reception
and transmission using appropriate duplexers or switches and are so labeled only forclarity.

With reference to Figure 7, a logical OFDM transmission architecture is provided according to one

embodiment. Initially, the base station controller 10 will send data to be transmitted to various mobile

terminals 16 to the base station 14. The base station 14 may use the CQIs associated with the mobile terminals

to schedule the data for transmission as well as select appropriate coding and modulation for transmitting the

scheduled data. The CQIs may be directly from the mobile terminals 16 or determined at the base station 14

based on information provided by the mobile terminals 16. In either case, the CQI for each mobile terminal 16

is a function of the.degree to which the channel amplitude (or response) varies across the OFDM frequency

band.

: The scheduled data 44, which is a stream ofbits, is scrambled in a manner reducing the peak-to-average power

ratio associated with the data using data scrambling logic 46. A cyclic redundancy check (CRC)for the

scrambled data is determined and appendedto the scrambled data using CRC adding logic 48. Next, channel

coding is performed using channel encoder logic 50 to effectively add redundancyto the data to facilitate

recovery and error correction at the mobile terminal 16. Again, the channel coding for a particular mobile

terminal 16 is based on the CQL The channel encoder logic 50 uses known Turbo encoding techniques in one
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embodiment. The encoded data is then processed by raie matching logic 52 to compensate for the data

expansion associated with encoding.

Bit interleaver logic 54 systematically reorders the bits in the encoded data to minimize the loss of consecutive

- data bits. The resultant data bits are systematically mapped into corresponding symbols depending on the

chosen baseband modulation by mapping logic 56. Preferably, Quadrature Amplitude Modulation (QAM) or

Quadrature Phase Shift Key (QPSK) modulation is used. The degree of modulation is preferably chosen based

on the CQI for the particular mobile terminal. The symbols may be systematically reordered to further bolster

the immunity of the transmitted signal to periodic data loss caused by frequency selective fading using symbol

interleaver logic 58.

Atthis point, groups ofbits have been mappedinto symbols representing locations in an amplitude and phase

constellation. When spatial diversity is desired, blocks of symbols are then processed by space-time block

code (STC) encoder logic 60, which modifies the symbols in a fashion making the transmitted signals more

resistant to interference and more readily decoded at a mobile terminal 16. The STC encoder logic 60 will

process the incoming symbols and provide n outputs corresponding to the numberof transmit antennas 28 for

the base station 14. The control system 20 and/or baseband processor 22 will provide a mapping control signal

to control STC encoding. At this point, assume the symbols for the # outputs are representative of the data to

be transmitted and capable of being recovered by the mobile terminal 16. See A.F. Naguib,N. Seshadri, and

A.R. Calderbank, “Applications of space-time codes and interference suppression for high capacity and high

data rate wireless systems,” Thirty-Second Asilomar Conference on Signals, Systems & Computers, Volume 2,

pp. 1803-1810, 1998, which is incorporated herein by reference in its entirety.

For the present example, assume the base station 14 has two antennas 28 (7=2) and the STC encoder logic 60

provides two output.streams of symbols. Accordingly, each of the symbol streams output by the STC encoder

- logic 60 is sent to a corresponding IFFT processor62,illustrated separately for ease of understanding. Those

skilled in the art will recognize that one or more processors may be used to provide such digital signal

processing, alone or in combination with other processing described herein. The IFFT processors 62 will

preferably operate on the respective symbols to provide an inverse Fourier Transform. The output of the IFFT

processors 62 provides symbols in the time domain. The time domain symbols are grouped into frames, which

are associated with a prefix by like insertion logic 64. Each ofthe resultant signals is up-converted in the
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digital domain to an intermediate frequency and converted to an analog signal via the corresponding digital up-

conversion (DUC)anddigital-to-analog (D/A) conversion circuitry 66. The resultant (analog) signals are then

simultaneously modulated at the desired RF frequency, amplified, and transmitted via the RF circuitry 68 and

antennas 28. Notably, pilot signals known by the intended mobile terminal 16 are scattered among the sub-

carriers. The mobile terminal 16, which is discussed in detail below, will use the pilot signals for channel

estimation.

Reference is now made to Figure8 to illustrate reception of the transmitted signals by a mobile terminal 16.

Uponarrival of the transmitted signals at each of the antennas 40 of the mobile terminal 16, the respective

signals are demodulated and amplified by corresponding RF circuitry 70. For the sake of conciseness and

clarity, only one of the two receive paths is described and illustrated in detail. Analog-to-digital (A/D)

converter and down-conversion circuitry 72 digitizes and downconverts the analog signal for digital processing.

The resultant digitized signal may be used by automatic gain control circuitry (AGC) 74 to control the gain of
the amplifiers in the RF circuitry ‘70 based on the received signal level.

Initially, the digitized signal is provided to synchronization logic 76, which includes coarse synchronization

logic 78, which buffers several OFDM symbols and calculates an auto-correlation between the two successive

OFDM symbols.<Aresultant time index corresponding to the maximum of the correlation result determines a

fine synchronization search window, which is used by fine synchronization logic 80 to determine a precise

framing starting position based on the headers. The outputof the fine synchronization logic 80 facilitates

frame acquisition by frame alignmentlogic 84. Proper framing alignmentis important so that subsequent FFT

processing provides an accurate conversion from the time to the frequency domain. The fine synchronization

algorithm is based on the correlation between the received pilot signals carried by the headers and a local copy

ofthe knownpilot data. Once frame alignment acquisition occurs, the prefix of the OFDM symbolis removed

with prefix removal logic 86 and resultant samples are sent to frequency offset correction logic 88, which

compensates for the system frequency offset caused by the unmatchedlocal oscillators in the transmitter and the

receiver, Preferably, the synchronization logic 76 includes frequency offset and clock estimation logic 82,

which is based on the headers to help estimate such effects on the transmitted signal and provide those

estimations to the correction logic 88 to properly process OFDM symbols.
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At this point, the OFDM symbols in the time domain are ready for conversion to the frequency domain using

FFT processing logic 90. The results are frequency domain symbols, which are sent to processing logic 92.

The processing logic 92 extracts the scattered pilot signal using scattered pilot extraction logic 94, determines a

channel estimate based on the extracted pilot signal using channel estimation logic 96, and provides channel

responsesfor al] sub-carriers using channel reconstruction logic 98. In order to determine a channel response

for each of the sub-carriers, the pilot signal is essentially multiple pilot symbols that are scattered among the

data symbols throughout the OFDM sub-carriers in a known pattern in both time and frequency. Figure 9

illustrates an exemplary scattering of pilot symbols among available sub-carriers over a given time and

frequency plot in an OFDM environment. Continuing with Figure 8, the processing logic compares the

received pilot symbols with the pilot symbols that are expected in certain sub-carriers at certain times to

determine a channel responsefor the sub-carriers in which pilot symbols were transmitted. The results are

interpolated to estimate a channel response for most, if notall, of the remaining sub-carriers for which pilot
symbols were not provided. The actual and interpolated channel responses are used to estimate an overall

channel response, which includes the channel responses for most, if not all, of the sub-carriers in the OFDM

channel.

The frequency domain symbols and channel reconstruction information, which are derived from the channel
responses for each receive path are provided to an STC decoder 100, which provides STC decoding on both
received paths to recover the transmitted symbols. The channel reconstruction information provides

equalization information to the STC decoder 100 sufficient to remove the effects of the transmission channel

when processing the respective frequency domain symbols

The recovered symbols are placed back in order using symbol de-interleaver logic 102, which corresponds to

the symbol interleaver logic 58 of the transmitter. The de-interleaved symbols are then demodulated or de-

mapped to a corresponding bitstream using de-mapping logic 104. The bits are then de-interleaved using bit

* de-interleaver logic 106, which corresponds tothe bit interleaver logic 54 of the transmitter architecture. The

de-interleaved bits are then processed by rate de-matching logic 108 and presented to channel decoder logic 110

to recoverthe initially scrambled data and the CRC checksum. Accordingly, CRC logic 112 removes the CRC

checksum, checks the scrambled data in traditional fashion, and provides it to the de-scrambling logic 114 for

de-scrambling using the known base station de-scrambling code to recover the originally transmitted data 116.
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In parallel to recovering the data 116, a CQI, or at Jeast information sufficient to create a CQI at the basestation

14, is determined and transmitted to the base station 14, As noted above, the CQL in a preferred embodimentis

a function ofthe carrier-to-interference ratio (CIR), as well as the degree to which the channel response varies

across the various sub-carriers in the OFDM frequency band. For this embodiment, the channel gain for each

. sub-carrier in the OFDM frequency band being used to transmit information are compared relative to one

another to determine the degree to which the channel gain varies across the OFDM frequency band. Although

numerous techniques are available to measure the degree ofvariation, one techniqueis to calculate the standard

deviation of the channel gain for each sub-carrier throughout the OFDM frequency band being usedto transmit

data.
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WE CLAIM:

1. Amethod comprising: ,Provisioning a MAP for allocating resources to a terminal .
Wherein said MAP includesat least one channel 1 identifier assignmentsdes resource divisions and channe’Wherein said channel inclu ated based on said at least one channelWhereby said resources are alloc
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Figure 1
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Figure 2
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Figure 3

Type Channal 0 is pariially occupied by DL-MAP;

Atype 1 Channel(7) and 1 type 2 channels (0)) areassignedto 4 MSS:
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Figure 4 
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Figure 5
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