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BACKGROUND

For multiple component codes, optimal decoding is often
a very complex task, and may require large periods of time,
not usually available for on-line decoding. In order to
overcome this problem, iterative decoding techniques have
been developed. Rather than determining immediately whether
received bits are zero or one, the receiver assigns each bit
a value on a multi-level scale representative of the
probability that the bit is one.

A soft input channel decoder requires having at its
input the log-likelihood ratio (LLR) of the transmitted
symbols, or some approximation of the LLR of the transmitted
symbols. When using biphase phase shift keying (BPSK), a
large positive value of the LLR indicates that the
transmitted symbol is a “1” with high probability. A large
negative value of the LLR indicates that the transmitted
symbol is a “-1” with high probability. A low LLR magnitude

implies low confidence in the value of the symbol. The



inplies |ow confidence in the value of the synbol. The WO 03/ 04

PCT/ US02/ 34204 channel decoder then utiIizeg t he sequence ofOLEépéalues to
decode thwaeamswitted information in a nmanner that m ni mpcasUSoR84®a T Or
probability. This is possible because the LLR value of each synbol is
directly related to the 5 noise and interference that distorted the
transni ssipanhbe dsesdaspordi ngisyrdoltheDabgurepe estritléd veAuehetoul ti - | eve
scale is referred to as "soft data," and iterative decoding is usually
sof t- in/sRbbaUthe it Lanstiteedecntongatproocéssar seriaestimtsequence 10 of

i nputs corresponding to probabilities for the bit values and provides as
out put corfieghedeprobkahididd esobaki hoty.nt Chiacdeuptscidnst gicarseof t he
code. Cenerally, a decoder which perforns iterative decoding, uses soft

data fromdQr ABR vhi€s adf aght eyflpeDdes tdieresafly dalatedard e [
_ ( t he receiver.
15 DESCRI PTI ON OF DRAW NGS Figure 1 is a block diagram of the general

struct yre Qf; se@ah8CEHVEF FGQdicAgLt @i B terbadiemeninghi thien fent i on.
Figure 2 illustrates the process of normalizing the detector output to
obtai n the d,LRae6Qk Hy Ngydivione 20 enbodi nent of the invention. Figure 3 is

a block diagramillustrating the calculation of the variance of the
mul tiple accesg,ta represented on the multi-level scale is referred
to as "soft data," and iterative decoding is usually soft-
in/soft-out, i.e., the decoding process receives a sequence
10 of inputs corresponding to probabilities for the bit values
and provides as output corrected probabilities taking into
account constraints of the code. Generally, a decoder which

performs iterative decoding, uses soft data from former

iterations to decode the soft data read by the recelver.

15 DESCRIPTION OF DRAWINGS
Figure 1 is a block diagram of the general structure of
a receiver according to one embodiment of the invention.
Figure 2 illustrates the process of normalizing the
detector output to obtain the LILR according to one

20 embodiment of the invention.

Figure 3 is a block diagram illustrating the
calculation of the variance of the multiple access
interference term (MAI) using an analytical technique
according to one embodiment of the invention.
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interference term (MAl) using an anal ytical technique accordin

enbodi ment of the invention. 2 WO 03/043201 PCT/ U882/ 34204 Fi ggrfao4oin§ a
bl ock di agiomusdoustrating the estimtion of the variance rfT/wsvesmoktipl e
access interference term (MAl) using an enpirical technique according to
one enbodi ment of the invention. 5 Like reference synbols in the various
drawi ngs indi gaarel ikes el Rk 41 BDETAhLED DESCRIPY| Ohe Gret mardornent  of
the present invention determnes the LLR value for |ong-code direct
sequence gpde,diMir$hARe 18f nild inplleipteesscd BS-iCDMAFerénceli feut sequence
spread spectrum the streamof information to be transmtted is divided
into smal |yPiecesngeashembi Muh teshal focad@tbratingsso bhe spectrumto a
frequency channel . "A data signal at the point of transm ssion is conbined
with a hi gherydata- bat endSididniseguence (chipping code) that divides the
data according to a spreading ratio. The redundant chipping code hel ps the
si gnal 5 resi st qntenftecensee afphil1s0 ianaht esa t e ordrgivnals tadicate be
recovered if data bits are damaged during transm ssion. The use of |ong

codes resuylts dinqddpgrference 20 being proportional to the
cross-correl ations between the

DETATLED DESCRIPTION
One embodiment of the present invention determines the

LLR value for long-code direct sequence code division

10 multiple access (DS-CDMA). In direct sequence spread
spectrum, the stream of information to be transmitted is
divided into small pieces, each of which is allocated across
the spectrum to a frequency channel. A data signal at the
point of transmission is combined with a higher data-rate

15 bit sequence (chipping code) that divides the data according
to a spreading ratio. The redundant chipping code helps the
signal resist interference and also enables the original
data to be recovered if data bits are damaged during
transmission. The use of long codes results in interference

20 being proportional to the cross-correlations between the
spreading sequences of the different users. These spreading
sequences change from symbol to symbél, resulting in a
change in the level of multiple access interference (MAI)
from symbol to symbol. By using the present invention, the
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spreadi ng sequences of the different users. These spreading sequences
change from synbol to synbol, resulting in a change in the |evel of
mul ti pl e wwoesae3zont erf erence (MAI)  from synmbol to synbol .pAByusesissm4t he
present invention, the 3 WD 03/043201 PCT/ US02/ 34204 performance of
conventional rake receiver may be inproved, especially when the noise

| evel is |parfochdarite ddnenantvesouned chkeheese et mdagbadanporved, t he MAI .
Figure 1 is a block diagramof the general structure of 5 a receiver 100
accordi ng ¢spewednbotienmenhe ofiotdme lienedntisohow #ndigraldomgneetei ved at an
antenna 105 and is then converted to baseband in a radio frequency
baseband ceoweed erf tht0siFhel bésebaiad i®ngnal the MAlen recei ved by a

mul ti user

detection (MJD) or Rake receiver 115. The termnul ti user

Det ecti on ( MUD)Figumppl iedat bloecelisgrant hdt thakeenantad. saicootmte tde

structure of the nmultiple access interference in

a

(RF) to

10

CDMA systens. A Rake

recei ves useseseieralliWasebanding ora elngt empotiomeémdiaf dibal Lypvenotess severa
signal multipath conmponents. The correlator out-puts are conbined to

achi eve 15ai spsma/ied <carenivedt aonms rezlteabil 10y amdl jperthenmanceerfdd MJID or
Rake produce out put synbols based on the baseband signals. These out put
synbol s ar eopbasdisted tion bheaaed rfoequeorayeREDNL S ded dadrant?2@onThet goal
metric correction
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110. The baseband signal is then received by a multiuser
detection (MUD) or Rake receiver 115. The term multiuser
Detection (MUD) is applied to receivers that take into
account the structure éf the multiple access interference in
CDMA systems. A Rake receiver uses several baseband
correlators to individually process several signal multipath
components. The correlator out-puts are combined to achieve
improved communications reliability and performance. The
MUD or Rake produce output symbols based on the baseband
signals. These output symbols are provided to the metric
correction section 120. The goal of the metric correction
is to normalize the Rake or MUD output to obtain the LLR
metric in order to provide the channel decoder 125 with the
appropriate metric. For long code CDMA, this normalization
is performed on a symbol-by-symbol basis because of the time
varying nature of the interference.

For BPSK signaling, the LLR of the n™ symbol is given

by the following equation 1:

of the



is to normalize the Rake or MJUD output to obtain the LLR 20 netric in order
to provide the channel decoder 125 with the appropriate netric. For |ong
code CDVAwaQ dsiog3zor mal i zation is performed on a synbol - byrcayusveBB4doasi s
because of the time varying nature of the interference. For BPSK
ilgzabkpgé/BZe LLR of the nth symbol is given 25 by the foll ow ng equation
; 32 CT} USQRF G204 = DLR(n) = gl( % 112r:(nlg(n)
[(r(n) - o(n) SRGYFiS KB D Lacd T ﬁ@gé’ﬁ BT E i)
20--22(n) OT(n) Equatlon 1 {od § the detector out put of the nth
symbol ; 5 g(n) is the time varylng aln associated with the desired
signal ; and O"ﬁé% i.s the total noise variance. This equation assunes
additive white Ussi an noise, which is the conmmon practice in the DS-CDVA

setting. 10 Fbme rlsn%%lflggécg 4% ugtggrtg%:gf quﬁyltlple access
no

i nterference disttBitions are p055| Fean I'n the art.

Furt her exten5|g§s tot%;h%r Syﬁ%?“;1 %%Hﬁué? ?ese¥ﬁqgtkotgéfferent

modul at f ons nay perforne FI g e process 200 of
nornaI|2|ng
51red signal; and

o2(n) is the total noise variance.
This equation assumes additive white Gaussian noise,
which is the common practice in the DS-CDMA setting.

10 However, modifications for other noise and multiple access
interference distributions are possible and well known in
the art. Further, extensions to other symbol constellations
and to different modulations may be performed.

Figure 2 illustrates the process 200 of normalizing the

15  detector output to obtain the LLR according to one
embodiment of the invention. The process 200 begins in a
START block 205. Proceeding to block 210, the process 200
receives the output symbol from the Multiuser Detection or
the Rake receiver. The output symbol is composed of three

20 terms:

The desired signal term, which is g(n) multiplied by

the transmitted symbol;



15 detector output to obtain the LLR accordin
i nventi on. %ol ack'2

_ _ enbodi nent of the
The process 200 begins in a START block 205. Proceeding to

bl ock 210wa ds@4ppoocess 200 receives the output synbol fraawise284dosi user

Det ecti on

or the Rake receiver. The output synbol is conposed of three

terns: The desired signal term which is g(n) rrultlplled by the

transmitted symhelmu b MO D3/043201n RETISOZEL34TBA) Taven niltitGhpFe
interference (MAI) termwhich is assunmed to be a white Gaussloan nggggs
whose variangRehStodenat echiry 62ubp)an mmdcFsevhobsevamkanehaf i s assunmed
5 process whose variance is denoted by ca' (n).

Proceedi ng, ta.hlo %5 5,8 .t hggprocess 200 determ nes the normalization
zation factor is deternmined by calculating the gain of

to be a white Gaussi an

factor. The nornm

the desired ter m?%%%‘sio Jhe, variancess asMd:And arin{r @ stihen

cal cul at ed. ThéF

fol |l ow ng

equation: c r normal i zation fact
t hen det ernﬁwsbyhﬁﬁéc‘i’?ﬁ@laqc}‘?e J\?agiﬁégt%(? gy(n’)(plgnd oT(n) intonEq(a;t iO(r)n 1.
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Proceeding to block 215, the process 200 determines the
normalization factor. The normalization factor is

determined by calculating the gain of the desired term g(n).

The variances og(n) and o?(n) are then calculated. The total

noise variance GTOQ is then determined using the following
equation:

ot (n) = ot (m) + oy ()

The normalization factor is then determined by placing
the values of g(n) and o2(n) into Equation 1.

proceeding to block 220, the process 200 multiplies the
normalization factor by the output symbol to determine the
metric correction 120. The metric correction 120 is then
provided to the channel decoder 125 in block 225. After the
channel decoder 125 receives the metric correction 120, the
process 200 terminates in the END block 230.

Figure 3 is a block diagram 300 illustrating the
calculation of the variance of the multiple access
interference term (MAI) using an analytical technique

according to one embodiment of the invention. As shown
6

i's

20

n0| se variance UT(n) is then determ ned using the



15 Proceeding to block 220, the process 200 nultiplies the n i i
factor by the output synbol to determne the met lroi C correcti %nﬁlzb.zatfhcem
metric cowoesto4s2n1120 is then provided to the channel decudewso2d&oin bl ock
225. After the channel decoder 125 receives the netric correction 120, the
20 process 200 termnates in the END block 230. Figure 3 is a bl ock di égram
300 il ustfiakkngthbeex£al cipatisenonf fohecheadil&née oflewkatng tihdllé access
interference term (MAl) using an analytical technique according to one
enbodi ment, 0f; nthent Bveati o vhs shownvéryiRD3R0432041 POW US02/ 34204  above
the exact expression for the LLRis calculated while taking into account ’
the time wvaridigr-eatyf eyed dfeoxintet ierencentpetteapproxiadld ng t he
interference to be Gaussian. The Gaussian approximtion is comon with
MAL, 5 and;d.ss3a6onsendenses Dfant Aepeertmatidi st cohmonem WhéfI applied to
the di spreading operation. \Wen nulti-user detection (MJD) is enployed

the calgcul aid an af cbhgckb&scd Sof enencanteakdnpliitcahedyemswhdre detect i on’
itself is time varying following the variation of the MAl. As shown in the
10 bl ock diggram 380cnthe: M cAaricangeral eul atiten meteivesen variety of

i nputs such 'as the cross correlation between spreadi ng sequences, other

users gai ngjoMJIRwei ghtipyeet &ddployed, the calculation of the LILRs is
even more complicated, as the detection itself is time
varying following the variation of the MAI. As shown in the
10 block diagram 300, the MAI Variance Calculation receives a
variety of inputs such as the cross correlation between

spreading sequences, other users gain, MUD weight vectors,

and channel taps estimates. These inputs are used to

calculate the MAI variance o7 (n).

15 Figure 4 is a block diagram 400 illustrating the
estimation of the variance of the multiple access
interference term (MAI) using an empirical technique
according to one embodiment of the invention. The MAI
Variance Calculation receives a variety of inputs such as

20 the cross correlation between spreading sequences, the
output symbol, MUD weight vectors, and channel taps

estimates. These inputs are used to estimate the MAI

variance of@ﬂ. An estimation error is provided in a



and channel taps estimtes. These inputs are used to calculate the MA
variance o (n). 15 Figure 4 is a block diagram 400 illustrating the

esti mat i owoof3/uspe1vari ance of the nultiple access i nterfacamss2seom (MAl)
using an enpirical technique according to one enbodi nent of the invention.
The MAI  Variance Calculation receives a variety of inputs such as 20 the
cross correkabker bDespesn epreadbhiy segiiercade theimautputoisyrisol , MUD

wei ght vectors, and channel taps estimtes. These inputs are used to
estimate the MAkiaMa&l ance c2(n) . An estimation error is provided in a 7
WO 03/ 043201 PCT/ US02/ 34204 feedback |oop to continually refine the
estimation of BheqdPriadiranced Bpptletey ni mgtand apptyttent HEOmetric
correction 120, the gain of a MJD receiver may be preserved. For exanpl e,
5 in the Wdeband Sede Mhyisicen vitl hapliee Avcess vEWCDVAYT steambadied 25. 101
case 4 channel set-up, a gain of about 3 dB can be achieved with a
conventg ongl HHeNigAYBbEBANCSIHIaried sienrivnl mpld dseesdet 8PN ( MVBE MUD) at
the uncoded bit error rate (BER) | evel conpared to the rake receiver. 10
However, the 3108 @ai.moiscdasts whennexasetruyy tehgabhock akewtord k& e (Bl ER)

performance. By applying the netric
can be achieved with a conventional minimum mean-squared
error multiuser detection (MMSE MUD) at the uncoded bit
error rate (BER) level compared to the rake receiver.

10 However, the 3 dB gain is lost when examining the block
error rate (BLER) performance. By applying the metric
correction, the 3 dB gain is obtained for the BLER
performance.

A number of embodiments of the invention have been

15 described. Nevertheless, it will be understood that various

modifications may be made without departing from the spirit

and scope of the invention. Accordingly, other embodiments

are within the scope of the following claims.



correction, the 3 dB gain is obtained for the BLER performance. A nunber
of enbodi ments of the invention have been 15 described. Nevertheless, it
will be uwdemsausxod t hat various nodifications nmay be nmadecwusvess2o4
departing fromthe spirit and scope of the invention. Accordingly, other
enbodi nents are within the scope of the followng clains. 8 WO 03/043201
PCT/ US02/ 34204 wihiisI§. AMEDNESD | S: 1. A nethod of normalizing an output of
a receiver, the nmethod conprising: determning a nornmalization factor; and
5 appl yi ng the jnor nal hzatb®nf ackarll oitdhearouippiitobft Aereqsiomirver. 2. The
method of Caim1l, further conprising normalizing each synbol output from
the receivgly pdnoliheohBthothgf Caimil, further conprising 10 obtaining a
metric correction factor fromthe normalization factor. 4. The met hod of
Claim1l1, further conmprising providing the netric correction factor to a
channel decodergetebmifhggnethvaha0fi z6kabm dactfanit ked conprising 15
determning the log likelihood ratio (LLR) according to the

5 applying the normalization factor to the output of the
receiver.
2. The method of Claim 1, further comprising

normalizing each symbol output from the receiver.

3. The method of Claim 1, further comprising

10 obtaining a metric correction factor from the normalization

factor.

4. The method of Claim 1, further comprising

providing the metric correction factor to a channel decoder.

5. The method of Claim 1, further comprising

15 determining the log likelihood ratio (LLR) according to the
following equation:

_2r(mg(m)

LLR()===5

where:

r(n) is the detector output of the n*® symbol;

20 g(n) is the time varying gain associated with the

desired signal; and



foll owi ng equation: LLR(n) 2r(n)g(n) 6T (n) where: r(n) is the detector
output of the nth symbol; 20 g(n) is the time varying g(gai)n associated with
the desiwadb3gugpoal ; and 9 WO 03/043201 PCT/ US02/ 34204 UPdmysozs42oke t ot al
noi se variance.. 6. The nethod of Claim5, further conprising det er ni ni ng
the total noise variance analytically. 7. The nethod of Glaim5, further
conprising 5 .deot@idnﬂ &t heek ot @hs Oise warkance enpirically. 8. The

met hod of O aim'L,” further conprising enploying multiuser detection to
obtain the output of the receiver. 9. A receiver conprising: 10 a detector

whi ch receives tranggLtted dnfor rabhans ang, -iHQVidesro8en®r nore out put

a%ymﬁl S bas;aq on tae transmtted information; a netric correction section
ich nor i Z . u in a netric;

a channel ngetceo%érn b igﬁgr]g%cealllﬁoqtsﬁegﬁg%??%éwoaﬁnyttﬁggmﬁl re: and 15

7. The method of Claim 5, further comprising

5 determining the total noise variance empirically.

8. The method of Claim 1, further comprising

employing multiuser detection to obtain the output of the

receiver.
9. A receiver comprising:
10 a detector which receives transmitted information and

provides one or more output symbols based on the transmitted

information;

a metric correction section which normalizes the one or

more output symbols to obtain a metric; and

15 a channel decoder which receives the metric from the
metric correction section, the channel decoder utilizing the

metric to decode the transmitted information.

10. The receiver of Claim 9, wherein the detector is a

multiuser detector.

20 11. The receiver of Claim 9, wherein the detector is a

rake detector.
10



metric correction section, the channel decoder utilizing the netric to
decode the transmtted information. 10. The receiver of Claim9, wherein

t he det ectwarosie3mil nul tiuser detector. 20 11. The recei verpaaiusokaszou 9,
wherein the detector is a rake detector. 10 WD 03/043201 PCT/ US02/ 34204
12. The receiver of daim9, wherein the nmetric is a log likelihood rati o.
13. The receivan  of Tkt aidadvarherechathed nethrereincohe est i oFr siect on

determ nes a nornalization factor to 5 apply to the output synbols of the
detector. 1i4 1ThRelrBesivestif. Claim9, wherein the detector is a |ong code
CDVA detector. 15. The receiver of Caim14, wherein the nmetric correction
section normalizes each output synbol on a synbol 10 by synbol basis. 16.
The receiver ofi3C arne9readiered ot Réanmet #i cvlgfredn Itbg Pekel$ hood ratio for
BPSK signaling is determned from the follow ng equation: LLR(n) 2r(n)g(n)
UT (n) 150y ion section determines a normalization factor to

5 apply to the output symbols of the detector.

14. The receiver of Claim 9, wherein the detector is a

long code CDMA detector.

15. The receiver of Claim 14, wherein the metric
correction section normalizes each output symbol on a symbol

10 by symbol basis.

16. The receiver of Claim 9, wherein the metric of a
log likelihood ratio for BPSK signaling is determined from
the following equation:

2r(mg(n)

LLR(n) === o

15 where:

b symbol;

r(n) is the detector output of the n*
g(n) is the time varying gain associated with the

desired signal; and

oZ(n) is the total noise variance. .

20 17. The receiver of Claim 16, wherein the total noise
variance is determined analytically.

11



r(n) is the detector output of the nth synbol; g(n) is the tinme varying
gain associated with the desired signal; and cT(n) is the total noise
vari ance. wa3/043201 The recei ver of Caim 16, wherein the t@a/USwBLD4
variance is determ ned analytically. 11 WD 03/043201 PCT/ US02/ 34204 18.
The receiver of Claim 16, wherein the total noise variance is determn ned
empirical ly. 198.A Thet hodtedunpr P§i Glpin déei vhagebhethr teded vaipat signal s
froma detector; 5 determning a normalization factor for each of the one
or nore outvputastgnad sjetadntinpHyempleawhlof- t he one or nore output signals
by the corresponding normalization factor to obtain a netric correction;
and 10 providing the nmetric correction for each synbol to a channel
decoder. 20. Thé2nethdgetdfodCicairprisindurt her conprising decoding a
transm ssion using the netric correction. 21. The nmethod of C aim 19,
further conprising 15 determning the netric¢ correction IogC | i kel i hood
ratio metric afeeRHYHYP 1B RE FEFE oW Ry tefdaPPoOR; Trom a detector;

5 determining a normalization factor for each of the one

or more output signals;

multiplying each of the one or more output signals by
the corresponding normalization factor to obtain a metric

correction; and

10 providing the metric correction for each symbol to a

channel decoder.

20. The method of Claim 19, further comprising

decoding a transmission using the metric correction.

21. The method of Claim 19, further comprising
16 determining the metric correction log likelihood ratio

metric according to the following equation:

_2r(mg(m)

LLR(m) =~ =

where:

r(n) is the detector output of the n*™ symbol;

12



LLR(n) = _ 2r(n)g(n) UT (n) where: r(n) is the detector output of the nth
synbol ; 12 WO 03/043201 PCT/ US02/ 34204 g(n) is the time varying gain
associ at ewomstoasdone desired signal; and 6T(n)_ is the tota@cimmsoss4204
variance.. 22. The nethod of Claim 21, further conprising 5 determ ning
the total noise variance analytically. 23. The nethod of C aim 21, further
conpri si ng det ey H)niiRgthbetimd alamdngegean i aymeciefedr wéah| fhe 13

desired signal; and

o2(n) is the total noise variance..

22. The method of Claim 21, further comprising

5 determining the total noise variance analytically.

23. The method of Claim 21, further comprising

determining the total noise variance empirically.

13



