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(57) ABSTRACT 

The invention relates to a diversity combining method and 
to a receiver. In diversity combining, outputs (33) of a 
matched filter (25) of each branch are weighted with a 
quality estimate (32) which is generated in quality means 
(28b) in such a matter that the quality estimate (30) is 
proportional to the inverse of the interference strength (31) 
of the Signal. The strength (31) of Signal interference is 
generated in interference means (28c) e.g. in variance-like 
fashion from the differences between a reference signal (30) 
generated in reference signal means (28a) as the convolution 
of the estimated channel impulse response and the prede 
termined Sequence and a signal received from the channel. 

10 Claims, 2 Drawing Sheets 
  

IPR2020-00038 
MM EX1030, Page 1f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Sep. 3, 2002 Sheet 1 of 2 US 6,445,757 B1 

21 

A/D 

Fig. 3 

  

IPR2020-00038 
MM EX1030, Page 2

US. Patent Sep. 3, 2002 Sheet 1 0f 2 US 6,445,757 B1

 
|PR2020-00038

MM EX1030, Page 2f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Sep. 3, 2002 Sheet 2 of 2 US 6,445,757 B1 

  

IPR2020-00038 
MM EX1030, Page 3

US. Patent Sep. 3, 2002 Sheet 2 0f 2 US 6,445,757 B1

 
50 41

51 
Fig. 5

|PR2020-00038

MM EX1030, Page 3f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 6,445,757 B1 
1 

DIVERSITY COMBINING METHOD, AND 
RECEIVER 

The invention relates to a diversity combining method in 
a digital radio System receiver, in which receiver matched 
filtering and maximum likelihood detection are used and an 
estimated channel impulse response and autocorrelation taps 
of the impulse response are generated, and in which radio 
System Substantially all Signal processing occurs as Symbols 
and a desired signal comprises a predetermined Sequence. 

The invention also relates to a receiver in a digital radio 
System, the receiver comprising a matched filter, diversity 
branches and a maximum likelihood detector, the receiver 
being arranged to generate an estimated channel impulse 
response and autocorrelation taps of the impulse response, 
and in which radio System a desired signal comprises a 
predetermined Sequence and in which radio System signal 
processing is arranged to occur as Symbols. 

In a radio System the quality of the connection between 
a base Station and a Subscriber terminal varies continuously. 
This variation is due to interfering factors on the radio path 
and to attenuation of the radio waves as a function of 
distance and time in a fading channel. Connection quality 
can be measured for example by observing the received 
power. Variance in connection quality can partly be com 
pensated by power regulation. 

However, in a digital radio System a more precise method 
than power measuring is needed for estimating connection 
quality. Then the known quality parameters are for example 
the bit error rate (BER) and the signal-to-noise ratio. 

It is previously known to utilize decisions of the ML 
(Maximum Likelihood) type detection for estimating the 
Signal-to-noise ratio of a received signal. Thus a Viterbi 
detector usually functions as the ML detector and a base 
Station or Subscriber terminal can be the receiver. In known 
solutions the Viterbi detection is performed on the received 
burst in full before determining the Signal-to-noise ratio. 
However, as a Viterbialgorithm is often a too demanding 
measure for a digital Signal processing program to perform 
during the processing time allowed by the receiver, Separate 
Viterbi hardware has to be used. This has been described in 
greater detail in J. Hagenauer, P. Hoeher: A Viterbi Algo 
rithm with Soft-decision Outputs and its Applications, IEEE 
GLOBECOM 1989, Dallas, Tex., November 1989, which is 
incorporated herein by reference. 

It is known that a signal quality estimate, often the 
Signal-to-noise ratio, is needed when using different diver 
sity receivers. In diversity reception the most common 
diversity receivers combine the Signals before or after detec 
tion and comprise e.g. Selective combining, maximal-ratio 
combining and equal-gain combining. The diversity signals 
are usually detected using a Viterbi detector, the Signals 
being combined after detection. However, it is preferable to 
combine the Signals before detection, thus achieving a 
greater amplification of the Signal. Diversity receivers have 
been described in greater detail for example in the book 
William C. Y. Lee: Mobile Communications Engineering, 
chapter 10, Combining technology, pages 291-336, 
McGraw-Hill, USA, 1982, which is incorporated herein by 
reference. 

An object of the present invention is to implement a 
method for estimating the interference Strength directly from 
a received signal without the help of ML detection and 
Simultaneously enabling the combination of diversity Sig 
nals before detection when using diversity receivers. 

This is achieved with the method set forth in the pre 
amble characterized in that a reference Signal is generated 
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2 
from the estimated channel impulse response and the pre 
determined Sequence by convolution; an interference 
Strength connected to the desired Signal is generated using 
the differences of the reference Signal and the predetermined 
Sequence received from the channel; a Strength value of the 
desired signal is generated, whereby a quality estimate is 
generated by dividing the Strength value of the desired signal 
by the interference Strength of the desired Signal; and 
diversity combining is performed in Such a manner that the 
symbols of the different branches corresponding with each 
other in the time domain are combined, and the outputs of 
the matched filters of each branch and the autocorrelation 
taps of the impulse response are weighted with the quality 
estimate of each branch. 

The receiver of the invention is characterized in that the 
receiver comprises reference Signal means for generating a 
reference Signal from the estimated channel impulse 
response and the predetermined Sequence by convolution; 
interference means for generating the interference Strength 
asSociated with the desired signal using the differences of the 
reference Signal and the predetermined Sequence received 
from the channel; the receiver is arranged to generate a 
Strength value of the desired Signal and quality means are 
arranged to generate a quality estimate by dividing the 
Strength value of the desired signal by the interference 
Strength of the desired signal; and combining means of the 
diversity branches combine the symbols of the different 
branches corresponding to each other in the time domain, 
and that the receiver is arranged to weight the matched filter 
outputs of each branch and the autocorrelation taps of the 
impulse response with the quality estimate of each branch. 

Great advantages are achieved with the invention. With 
the method of the invention the interference strength can be 
estimated directly from the received signal without perform 
ing a Viterbi detection. By avoiding the use of the Viterbi 
algorithm usually applied to the ML method memory and 
time used for calculating are Saved. The generated interfer 
ence Strength can be utilized for estimating the Status of the 
channel, as help in methods of estimating bad frames and for 
scaling the ML metric. Furthermore, the interference 
Strength can be utilized for diversity combining and it is 
particularly useful when multipath Signals are combined 
before detection. 

In the following, the invention will be described in 
greater detail with reference to examples in the accompa 
nying drawings, in which 

FIG. 1 shows a radio system, 
FIG. 2 shows a normal burst of the GSM system, 
FIG. 3 shows a block diagram of the receiver, 
FIG. 4 shows a block diagram of the receiver and 
FIG. 5 shows a receiver using a diversity combining 

technique. 
The method and the receiver of the invention can be 

applied to the GSM radio system (Global System for Mobile 
communication) without restricting it thereto. In FIG. 1 the 
radio System comprises base Station 1, and a number of 
generally moving Subscriber terminals 2-4 having 
bi-directional connections 6-8 with the base station. Base 
Station 1 transmits the connections of terminals 2–4 to base 
station controller 5 which transmits them further to other 
parts of the System and if necessary to a fixed network. Base 
station controller 5 controls the function of one or several 
base stations 1. In the GSM system both base station 1 and 
terminals 2–4 constantly measure connection quality. 

Let us now examine in more detail the Solution of the 
invention in the GSM system. A normal burst of the GSM 
system is shown in FIG. 2, the burst comprising 148 symbols 
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in all. The symbols comprise bits and bit combinations. The 
Symbols of the burst are arranged in Sequences comprising 
3 start symbols (TS) 10, 58 data symbols (Data) 11, 26 
training symbols (TRS) 12, 58 data symbols (Data) 13 and 
3 end symbols (TS) 14. In the solution of the invention the 
Symbol Sequence of the reference Signal is calculated as the 
function of training Sequence 12 and of the estimated 
channel impulse response, preferably being the convolution 
of Said Sequences. The generation of convolution function 
h(t) can be shown in the following way between functions 
f(t) and g(t) in its general form: 

In the following, one method of the invention is 
described when applying it to the GSM System in particular. 
The calculation of the channel's momentary quality estimate 
QE comprises two essential Steps: firstly the generation of 
reference Signal YR from estimated channel impulse 
response H and training sequence TRS (training Symbols 12 
in FIG. 2) preferably as a convolution and secondly the 
generation of the interference Strength for example as inter 
ference energy VAR from reference Signal YR and training 
Sequence Y received from the channel in a variance-like 
fashion. By calculating the convolution Such an advantage is 
achieved that reference Signal YR is generated in the same 
way as the actual signal on the channel and by comparing 
this reSuit with the desired signal received from the channel 
the interference strength can be estimated. Variance VAR is 
generally calculated for the discreet distribution in the 
following way: 

o° = VAR = X(x, -pi) f(x,), (2) 
i 

where u is an expected value. The interference Strength can 
also be determined for example in a Standard deviation-like 
fashion. Standard deviation 6 is according to its definition 
the positive Square root of variance of. Furthermore, qua 
dratic difference (x-1) can in the method of the invention 
be replaced by any exponent x-ul of the absolute value of 
the difference where Z is any real number. When interference 
strength VAR is calculated from reference signal YR and 
from the Signal received from the channel in a variance type 
fashion, Such an advantage is achieved that the result 
obtained is directly the effective value of the interference. 
AS training Sequence TRS is predetermined it is possible 

to determine momentary estimated channel impulse 
response H. Usually estimated impulse response H has 5 
symbols i.e. N=5 is valid for the number of symbols N. In 
the first Step of the method of the invention reference Signal 
YR, which is the expected value of received training 
Sequence TRS with Said estimated impulse response H, is 
calculated e.g. according to formula (3) as the convolution 
of estimated channel impulse response H and training 
sequence TRS. 

N 

YR(i) = X. HU (i). (1 - 2. TRS(j - i)) 
i=0 

(3) 

where N is the number of symbols in estimated impulse 
response HandjeN is valid for symbol indexj which shows 
the symbol to be calculated. Entire reference signal YR is 
obtained by going through the symbols between N and 26 
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4 
or the number of Symbols in a predetermined Sequence. 
Using obtained reference Signal YR and received signal Y 
comprising the training Sequence, their variance-type inter 
ference Strength VAR is calculated for example by using 
formula (4). 

26 (4) 
X. Re(Y(i+ offset) - YR(i)) +lm(Y(i+ offset) - YR(i)) 

VAR = Y 
K 

The maximum number of Symbols taken into account in 
formula (4) is the number of symbols of predetermined 
Sequence 12 less the number of Symbols in the estimated 
channel impulse response. Then the number of Symbols 
considered in the calculation can be freely chosen. Interfer 
ence Strength VAR is thus calculated as variance, but number 
Kin its nominator is not significant, as the nominator simply 
has to be formed and it only functions as the Scalar of the 
interference Strength. This is easy to observe and to correct 
in any step of generating the quality estimate. In formula (4) 
the value of variance-type result VAR is the same as the 
interference energy per Sample if the number of Symbols 
used in Summing is Set as the value of divisor K, or the 
energy per entire Sequence if the value of divisor K is one. 
In formula (4) I/O modulation markings are used the Sym 
bols being shown in their complex mode. An offset is also 
observed in formula (4) i.e. it is preferable to transfer the 
Symbols of the received signal in Such a manner that the 
Symbol of the received signal corresponds with the Symbol 
of the reference Signal. 
The strength value E of the received desired signal, which 

value can be the amplitudinal strength of the symbols to be 
considered in the Summing or the effective value or another 
corresponding exponent of the Symbols amplitude, can be 
calculated either using the estimated channel impulse 
response H, using reference Signal YR or using the desired 
Signal received from the channel. The advantage of calcu 
lating the effective value of the taps of estimated channel 
impulse response H is that energy E of the Signal is obtained 
per Symbol. When energy E is calculated using the complex 
Symbols of the I/O modulation of the reference Signal e.g. 
using formula (5) 

the entire energy of the reference Signal is obtained directly. 
The energy of the Signal received from the channel can be 
calculated Similarly. If the normalized average energy of the 
Signal corresponding to energy E, is formed by preproceSS 
ing means 24 according to prior art, it does not have to be 
Separately calculated. The Strength value of the desired 
Signal is directly calculated from the desired signal as in 
formula (5), but the symbols of reference signal YR are 
replaced with the symbols of desired signal Y. 
Momentary channel quality estimate QE is preferably 

obtained by forming the inverse of the interference Strength 
as shown in formula (6) 

1 (6) 

Quality estimate QE can also be formed as shown in formula 
(7) by way of principle by dividing signal energy per Symbol 
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