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"MULTI USER DETECTI ON, FOR Lﬂﬂﬁ“ﬂmﬁﬁﬁm CDVA TECHNI CAL FI ELD Thi s

i nvent i oo osbesrels t o channel d nore 5 parti ®GTASL334284 appl yi ng
metric correction to the log |ikakidood ratio (LLR) of transmtted
symbol s. BACKGROUND For nultiple conmponent codes, optinal  -decoding., is

often a very CCME?RIGS‘CORREGEIQNH FORMULEI oUSER -time, 10 not
usual | y avai |l abl O this
problenllteralrﬁi &gégﬁfgﬁh éﬁ iggﬁg# Cﬁéev Sd@@%%‘@@@gihather t han -
determ ning i medi atel y whet her recejved bits are zero or one,.the:
receiver assigns each bit a vapeanetan Fisdy -1 evel ~scal e representative of
the 15 probability that the bit is one.. A soft input channel decoder
requires havipgsgl 5 Pbantwmeltanesl 0@- Lhkehd Nootbdeakbo &hdRowf the.

transmtted' symb or some approximation of the LLR of the transmtted

synmbolss.  Wen 3! @?.Hbltehﬁéfllﬁ%?gz?ne%@ﬂ:t c8EY %(E\glc(nB@%Kt)le 18920 large

p05|t|velv31ue of ates that t transmtted symbol is a."1"

he 't T anoriNeaRYo ki d (B °f‘e°‘*’f%§“h*ﬁﬁ ﬁé%@abfﬁ“.etbmx PS'WCi“LES e

magni t ude

- BACKGROUND
For‘ﬁultiple component codes, optimal-deceding“ie efeeq;_"
a very complex task, and may require iarge periqu of time,

10 not ueually available for on-line deedding. In orderetq |
overceme this problem,-iterative deebding teehniqueégheve
been deveieped. Rafhe; than defermining immediately_Wheiher
received bits are zero or oﬁe,,the receiver eesigneheach piﬁ i

" a value on a mﬁlti4level scale representative of the
15  probab1l1ty that the blt is one. |
A soft 1nput channel decoder requires hav1ng at its -
-;nput the log llkellhood ratio (LLR) of the transmltted
' symbols, or some approx1matlon of the LLR of the transmltted
symbols. When using blphase phase shlft keying (BPSK), a |

20 large pesitive.vélue_of the LLR'indicatee that fhe.“
etraﬁsmitted symbol is a .“17 with high probability. A_;arge'
.negative-valﬁe of the LLR indieates that_the tranemittéd'
symbol ie a “-1” with high“p;obability. A low LLR magnitude

implies low confidence in the value of'the symbol. ihe
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inplies |ow confidence in the value of the synbol. The *@0002* 2 33 MARR2008

2006 WO 03/043201 the LLR value of each synbol is directly related to the
.noi se AYQA0¥/P329% er ence that distorted the transm ssion t‘%ﬁm%"'i‘@épondl ng

synbol . ‘Data represented. on the nulti-level scale is referred to as'"soft

data," and iterative decoding is usually sof t - ;bfzsl%e-ﬁ?a rLeL g '
decodi ngcherowds slecoslery sben Wekiiarfde thETF 8202132 NMrgie ﬁe %der then
“utilizes the sequence of LLR values to decode the transmtted information
i N a mandsdodehdthe riranginibted hﬂeife?rWlBPobﬁb?I‘P?%nerﬂﬁ % s possibl e because
10 of .inputs corresponding to probabllltles for the bit values and
pr ovi desmasimidesuttheoeract cpr phalbialsityi-t | 8516 aks r@osfsﬁtk%}e BECBYURAE constraints
of the code. Generally, a decoder which perforns 'iterative decoding, uses
sof t - datehé rEUR fwarlner oift erahi symbeb igedddecthy sofatathtt® td&d by the
recei ver. DESCRI PTION OF DRAWNGS Figure 1 is a block diagram of the.
generql §b1sstand infrea feeentw ethait abirstiong etlo tha et aansi shdien &het he
invention. Figure 2 illustrates the process of normalizing the detector
“out put t@o_@bé@pdhdﬂ}eg lslyRbatcor ding to one 20 enbodi ment of the invention.
-Fi.gure 3 i's ablock diagramillustrating the calculation of the variance of
t he nultlple P Yepresented on the multi- level scale is referred
to as "soft data," and lteratlve decodlng is usually soft—
1n/soft out, i.e., the decodlng process recelves a sequence_
10 of 1nputs correspondlng to probabllltles for the bit values
and provrdes as output corrected probabllltles taklng into
..account constralnts of the code. Generally,-a decoder which
performs iterative decoding, uses soft data from former

iterations to decode the soft data read by the recerver.

-'1'5._'. o o .'DESCRI-PTION OF DRAWINGS
-Flgure 1 is a block dlagram of the general structure of
| a receiver accordlng to one embodlment of- the 1nvent10n
| f_ Figure 2 1llustrates the process of normallzlng the
detector-output to obtain.the LLR_accordlng to one
20 embodiment of the invention.
i flgure 3 is a block dlagram 1llustrat1ng the
" calculation of the varlance of the multiple access
.interference term'(MAI) using’an ana;ytical technique
. according to one embodiment of the invention.
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interference term (MAI) using an analytical technique ...accordi hd MR 3B

"enbodi nent of the invention. 2 15 2 9 MAR 2006 WO 03/04%§&kgﬁ§§&§f02/34204
Fi gure WO83/830ck diagramillustrating the estimtion i ance of

the nultiple access interference term (MAl) using an enpirical technique
according to one embodi nent of the |nve I 0 L ke r.efer gbols in the
various drawFibgsré ntliisate lPrRE S 2% < Hﬁéfﬂ?k Ei:%ﬁién

~enbodi nent of the present invention detern1nes thg LLR value for | ong-code

direct sgqtreceaciarecaliofi $henmudtiple i3S lBESTHIRE B 1 di rect
sequence spread spectrum the streamof information to be transmtted is
“di vi ded (MRTO asbhy ame@ouﬂé@éhtéFhvkﬁ¥ﬂ1§9§9§PPBEaF%dP%ﬁross tHe spectrum
to a frequency channel. A data signal at the. point of transm ssion is
conbi ne@mwotiimanthi gfietheldirerengionis bit sequence (chi pping code) that

di vides the data according to a. spreading ratio. The redquanglchlpplng
code shel ps tmﬁkesrgﬁeremqnﬂammhoﬁﬁeFﬂe?%ﬁu%?%ﬁﬂfsap§8wéﬂﬁﬁl%% Sri gi nal
data to be recovered if data bits are damaged during transmission. The use

-of long jgo@eelemstitss in interference 20 being proportional to the
cross correlatlons bet ween t he - , :

DETAILED D_ESCRI PTION |
One embodinent of.the present invention determines the
.ITLLR value.for iong-code direct sequence code division
10 multlple access (DS -CDMA) . In direct sequence spread
'spectrum, the stream of 1nformatlon to be transmltted is
.d1v1ded 1nto small pleces, ‘each of whlch is allocated across:
the spectrum to a frequency channel. A data 51gnal at the
. pOlnt of transm1551on is comblned w1th a hlgher data-rate
45 bit sequence (chlpplng code) that divides the data according
| to a spreadlng ratio. The redundant chlpplng code helps the
51gnal resist 1nterference and also enables the orlglnal
data to be recovered lf data b1ts are damaged durlng
transm1s310n The use of long codes results in 1nterference
-20 being proportronal to the'cross correlations between the
spreadlng sequences of the. dlfferent users. These spreadlng
'sequences change from symbol to symbol, resultlng in a
change in the level of multlple access 1nterference (MAI)
from symbol to symbol. BY using the present 1nventlon, the_
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spreadi ng sequences of the different users. These spreadi ng skfudiic 86
"change from synbol to synbol, resulting in a change in the |evel of

mul ti pl VQ8¥e3305 nterference (MAI) from synbol to synbolRCHYSWISHHG t he
present invention, . the 3 2 9 MAR 2006 WD 03/ 043201 PCT/ US02/ 34204 _
performance of a conventional rake recejver may be i nproved, ecirally
when t he Pegifesmpage| of sa | eRRERT ione L déﬁ#ﬁaﬁ?ceﬁﬁﬁ?égyopetH@P§P§§ '
degradation is the MAI. Figure 1 is a_block -di agram of the gener al

struct ur @speginddpi vhen 10me RedeedileyetoisntoendlithendopangRt invention. A
signal is received at an antenna 105 and is-then converted to baseband in
a radi o fsceggeney tRF)signdhasisanedatdaneiscthe MAD. The baseband signal is
then received by a nmultiuser detection (MJD) or Rake receiver. 115. The term
mul tiuser. 16igBeeettisne (MIDk idiagypmi ed the raenanpdr stenaturakefinto '
account the structure of the multiple access interference in. CDVA systens.
A Raké receieceiveses08ecveratdimsdivante eubediment of dhendhyrOtaPRy process
sever al signal multipath conponents. The correlator out-puts-are conbined
to achi eve signaipisveecetvedimtc @n ensenehi 365 | ang isndheer conwanted The MID
or Rake produce output- synbols based on'the baseband : si'gnals. These

out put sybblasebaad pinva deabio ﬂﬁwumlcm ctRFbotwdmase(han@ecpnuarterO “The

goal of the netric, correction is to normalize the Rake or: MUD out put to
obtaln t e OLLRThe baseband signal is then received by 'a multluser '

detection (MUD) or Rake receiver 115 ' The term multluserﬁs_
10. Detectioén (MUD) is applled to recelvers.that take-lnto':”
account the structure of the multlple access 1nterference 1n"
CDMA systems A Rake recelver.uses several basebend | .
correlators to 1nd1v1dualiy process several SLgnal multlpath
components The correlator out-puts are comblned to achleve.-
15 .1mproved communlcatlons rellablllty and performence The:
'MUD or Rake produce output symbols based on the baseband
s1gnalst hese output symbols are- prov1ded to the metrlc.
'correction_sectlon 120. The goal of the.metr;c,correct;on
is to normslize the Rake or MUD output to obtain'theyLﬁR_rﬁ
20 metric in order to provide the channel.decoder-izs with'the.
| approprdete metric. 'For long code CDMA, this normelizetion
tis performed on.a symbol—by-symbol bssis_beceusefof the time.
‘verylng nature of the lnterference. | ﬁ
For BPSK 51gnallng, the LLR of the n symbol is.given

25 by the fbllowing equation 1:



20 netric in order to provide the channel decoder 125 with the. 23 MAR 2008
approprla%ﬁngﬁké%r. For | ong code CDMA, thiS'nornaIizatiop Tﬁ@oﬁfﬁ@ﬁrnﬁd on
WY e

a synbol basi s because., of the time varying nature o
interference. For BPSK signaling, the LLR of the nth synbol is given 25 by

the foll owi ng equation l:r A%YQZOQP WO 03/043%01PCT/U802/342 . ﬁjn)
1os(n) =1) 1 ~RLR() slop(- A S Eogtz = L6l 00} 6t ¥ €CO)l =+ -
p(r(n) / s(n) =-1) ZOPO«Hbé )Cﬁj)E _(P n .1 where: r(n) is the®detector
out put of -the nth synbol; .g (n) Equekéorike varying gain associated with
.the desired signal; and QI(n) is the total noise variance. This equation
assumes -addi tiwleendri t e Gaussi an noi se, which is the conmon practice in the
DS- CDMVA setting. lo 'However, nodifications for other noise and nultiple
access'.|nterfﬁuands'¢m$tdbbattonsoatpumoﬂskhhengh@ymbbl;knomn in. "the
art.  Further,. extensions to other synbol. constellations
-5 g(n) is the time varying gain associated with the
dgsiféd-signal; and
- oi(n) is the total noise variance.
This equation assumes additive white Gaussian noise,
whi;h is the common practice in thg'DS-CDMA setting.
'10 "However, modifications for other noise and multiple access
interfereﬁqé distributions are possible .and weil known in
. the art. Further, extensions to other symbol constellations
and to different modulations may be pefformed;:
Figure'2'illustrates the'proceés 200 of_nbrmaliiing'the
15 detector output to obtain the LLR:accofding to one
- eﬁbddiment of the_invéﬁtion.- The process 200 begins in a
'START block 205. Proceeding to block 210, the process 200
receives the.bufpu£ symbol from the Multiuser Deteétibh or
'thé Rake feceiﬁer. The butbut'é?mbol is composed of three
20 terms:
, ‘The desired signal term}'whibh is g(n) multiplied by -

the transmitted symbol;



and to different nodul ati ons may be performed. Figure 2 illustratg$ mne 2006

" process_200 of

Eor
0. .
%'ﬁﬁ enbodi ment of 'the invention. The proceégh@6®g§gélns in a

accordl

mal i zing the 15 detector output to ob

START bl ock' 205. Proceeding to block 210, -the process 200 receives the

out put synbol from.the_ Miltiuser, 2t ti or

out put symbolThes MdtHBL82BF T Hhr %C reg@emgMAﬂ:_ec egqlh{lgge%lgghal TPgr m '
ghlch is g(n) multiplied b the transmtted s Sy rariamee? 1 YAR 2006 WO

3/ 043208 sUREH B0 PR322BR TR ST THAN BXLCE-E VIR er ®rence (MAI) term which

s .assuned to be. a white Gau55|an process whose variance is denoted by

cr (n)

d@f&teﬁeoynm,s{n)xandthat is assunmed to be a white Gaussian

process whose. variance is denoted by.a' N(n) Proceedi n

. t
process 200 dpfeemyines telm that nis iamsvmed facber a. wirhee Uﬁgl glilgtcuk
is determned by calculating the gain of the desired termg(n).

vari ces ?é§g WHYL O v agER igeabﬂaﬂéanﬁyeutoﬂ The total 10 nois

vari a ce O

10

15

20

i's then determ ned usi ng the follow ng equat|on
Proceedlng to block 215, the process 200 determlnes the

normallzatlon factor. The normallzatlon factor is -

determined by calculatlng the galn of the de31red term g(n)

noise variance oi(n) is then determined using the-following
equation:
 oi(n)=or (M) +on(m)

The normalization factor is then determined by placing

the values of g(n) and 0}0Q into Equatlon 1.

Proceeding to block 220, the process 200 multlplles the_

normalization factor by.the.output'symbel-tosdetermlne the_

.metric correction 120. The metric corfection 120 is then

provided to the. channel decoder 125 in block 225 Afterpthe

channel decoder 125 receives the metric correctlon 120, ‘the
process 200 termlnates in the END block 230 | |
‘Figure 3 is a block dlagram 300 1llustrat1ng the:
calculatlon of -the variance of the multlple access
1nterference term (MAI) using an analytlcal techn1que

accordlng to one embodiment of the 1nventlon . As shown
6 S

-5

215, the
on factor
2 2 The
e

‘The variances.aNOQ and oZ(n) are then‘calculated The total



~aT(n) E a, (n)+vN(n) The normalization factor is then determ ned bg Iugg A8
t he val ues of % n) and CT(n) into Equation 1. 15 Proceedi n_lg to bl (? C?

t he proc\é@s":’@é |tiplies the. .nornalization factor by t hel’l 2pﬁf?“synbol
to determine the. netric. correction 120. The metric correction 120 is

then provided to the.channel decoder l.ock t e channel
decoder BROVEecER¢eR*3fe STRLSSSLOBr ?Stt)??}b %ls cﬁe%%aiﬁ%c@glsi&zoo
termnates in the END bl ock 230. Figure 3 is bl oc? qhggram 300

i1l ustrathdakgnghénto %%ﬂ:%‘mtatqh@nt&Ymt RREVRY it r& he 'ful tipl e access

interference term (MAI) using an analytical,tec ccprding to one
enbodi nerntet feRentayevet GRBRFLERERAY 6t Ch TR %5 BSNRR 2006

PCT/ US02/ 34204 above, the exact expression for the LLR I, #cul ated while
t aki ng | reams@d.eount ThéeGaygram ApPrgXime il en of s tcf?ém“"lnnf”é??’e% te, yet’
approxi mating the interference to be Gaussjan, e Gauss Lan approxi mation
i s comnorand tils MAconBeanen¢s of G@ﬁsé‘ﬁﬂéﬁée Hm%thet FPm t theorem

when applied to the di spreadi ng operation. Wien mul ti user det ecti on
(MUD) i s appilliegetio the dasexgadingh oBR TRk &R RIHED GULTiTHES conpl i cated, as

the detection itself .is tine. varying follow ng the ion_ of t he
MAI . As shanection t(MED) 19, emplaseddi iheafpioplatin I\% t}é‘&r #‘gh

Cal cul ation. receives a.
even more compllcated, as the detection 1tse1f 1s tlme

varying follow1ng the variation of the MAI. - As shown in the
10 block diagram 300, the MAI Varlance Calculatlon.recelves a.
) varlety of inputs such as the cross correlatlon between .
.spreadlng sequences, other users galn, MUD welght vectors,

.and channel taps est;mates. These 1nputs are used to

'calculate the MAIL variance oj(n).
.tSi -.Flgure 4 is a block dlagram 400 lllustratlng the -

. estimation of the variance of the multlple access'“-
interference term (MAI) using an emplrlcal technlque
accordlng to one embodiment of the 1nventlon TheoMAI h
Variance Calculatlon receives a variety of 1nputs such as

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

estimates. These inputs are used to estimate_the,MAI,

variance o?(n). An estimation error is provided in 2



~variety of inputs such as the cross correlation between spreadingg MAR 2006
sequences, other users gain, MJD weight vectors,. and channel ta

esti mat MO 0344828 | nputs are used t calculate the MAl va?ﬁgﬂ&‘)z’a‘%ﬂf. 15 .
Figure 4 is a block diagram 400 illustrating the estimation of the.

variance of the nmultiple access _.interference term (NA i an enpirical
t echni quEseckeckr dopg t6 SPREEHEIdYEREIBE FRS ?%ﬁ%%*?éﬁ?°#ﬁ§ﬁﬁpl Vari ance

Ca.l'cul ation receives a variety of inputs such as 20 the cross correl ation
bet ween MAJr vadilaggcsequences, the output synbol,' MJD wei ght vectors, and
channel " taps estimtes. These inputs are used to estinate. tIfnLg MAI .
variance o (my. dateasiniagi ord AFRIVING SPEVREEELT CH P NG03/63201 2 9 MAR
2006 PCT/ US02/ 34204 feedback | oop to continual I% refine the.estinmation of
the MNAlthardaimcef By MJBt veatiyen HaYd PEpPFGSAEVERe MitT i Péction 120, .
the gain of a MJD receiver. may be preserved. For exanple in the Wdeband
Code i vimsitdre Mildsbang SodesBi{IGHNA wdttindgr Acoss9 oM 4 channel
set-up, a gain of about 3 dB can be achieved with a conventional m ninum
mean- squetatiaml 128, 190l chaset dearnal GetCNRBEEMIBID 21 (ARPUINCodBd bi t
error rate (BER) level conpared to the rake receiver. 10 However, the 3 dB
gain is tostbevahiewand Wik &heofwentkional minimum mean-squared
o errér multiuser detection (MMSE MUD) at the uncoded bit
| efror-raté (BER) level compared to the rake receiver.
10 Howéver; the 3 dB gain ié lost when'ekamining the block
-error rate (BLER) performance. By applying the metric
correction, the 3 dB gain is obtained for the BLER
performance.
A number of embodimenfs 6f the invention have been
5 described. Nevertheless, it will be understood that various:
' modifications may be made without departing from the spirit

énd scope of .the invention. Accordingly, other emb_o_diment;

are within the scope of the following claims.



error rate (BLER) performance. By applying the netric correction,. the 3
"dB gain is obtained for the BLEB performance. . A nunber of enb@® maRrt 208f
t he invention have been 15 described. Nevertheless, it will be understood
that various nodifications may be nmade without departing fromthe spirit
and scope of.the invention. Accordingly, other enbodinments are within the
scope of the following clains. 8 2 9 MAR 2006 WHAT IS CLAIMED IS: 1. A

met hod of normalizing an output of a receiver, the method conpri sing:
deterniningWﬁA%nﬁ%ﬂéiﬁiM%RnE%Ctor using a deternined 5 variance of

mul tiple access interference; and applying the normalization factor to the

output of the rdcei vemethodried mamsd IFI NG SMOMtRAterdi i FFHSAYS 1 he
normal i zati on factor conprises normalizing each synbol 10 output fromthe
recei ver w tthea mecrined iczatpwirsifrect or that is i ndependent of nornalization
factors of previous synbols. 3. The nmethod of Claim1, further conprising
obt ai ni ng a netridgetamiattipn franterl s tigrt hiadfomorsialg zatderefraictet . 4.
The nethod of Claim3, further conprising providing the nmetric correction
factor tg a £hanifle of multiple access interference; and
applying the normalization factor to the output of the
receiver.
2. The method of Claim 1, wherein applying the
normalization factor comprises normalizing each symbol
10 output from the receiver with a normalization factor that
is independent of normalization factors of previous
symbols.
3. The method of Claim 1, further comprising
obtaining a metric correction factor wusing the
15 normalization factor.
4. The method of Claim 3, further comprising
providing the metric correction factor to a channel
decoder.
5. The method of Claim 1, wherein determining the

20 normalization factor comprises determining a log

likelihood ratio (LLR) according to the following equation:

_2r(n)g(n)

LLR(n) = s

where:



~decoder. " 5. The met hod of Caim1l, wherein determning the 20

normal i zation factor conprises det ermning a log I|ikelihood rati ] 9( MSP{)MS
according to the follow ng equation: LLR(n) 2r(n)g(n) ar (n) where: 9 2 9
MAR 2006 r(n) is the detector output of the nth synbol; g(n) is the time
varying gain associated with the desired symbol; and 6T(n) is the total

noi se variance. 5 6. The nethod of Aaim5, further conprising determning

t he variance of Eﬁ#fther?§f§§§-'n%ﬁfaf%%% e ng%l gpsq%y 7 The et hod

of Caimb5, furt nrng t varianc rrul tiple access
interference 10 errpl rically. 8 The nmethod .of Oaim eﬁJ{eurt her_,conpri si ng
enpl oyi ng nul ti ugen) déﬁeGNQM¥%m?(ﬂﬁ%¥%¥%iﬂ§%ﬂnﬁﬁﬁQQﬁa withediffer. 9. A

receiver conpry5|ng 15 a detector to receive transmtted information and
provi des onelemimnest e squtoput; $ywbol s based on the transmitted information;
a metric correction section to nornalize the one or

o2(n) is the total noise variance.

5 6. The method of Claim 5, further comprising
determining the variance of multiple access interference
analytically.

7. The method of Claim 5, further comprising
determining the variance of multiple access interference

10 empirically.

8. The method of Claim 1, further comprising

employing multiuser detection to obtain the output of the

receiver.
9. A receiver comprising:
15 a detector to receive transmitted information and

provides one or more output symbols based on the
transmitted information;
a metric correction section to normalize the one or
more output symbols to obtain one or more metrics, the
20 normalization based on a determined variance of multiple
access interference; and
a channel decoder to receive the one or more metrics

from the metric correction section, the channel decoder to

10



nmore output synbols to obtain one or nore netrics, the 20 nornalgﬁathQms
"~ based on a determined variance of nultiple access interference; d
channel decoder to receive the one or nore netrics fromthe netric
correction section, the channel decoder to 10 2 9 MAR 2006 utilize the one
or nore netrics to decode the transmtted information. 10. The receiver of
Caim9, mherein the detector conprises a multiuser detector. 5 11. The

receiver of Cla wherein the detectar, rjses a r.ak t r

The recei veM drfllél tlkP\eQ ONGh EFe Y Hohe MRt i %%p $S88 &R r%%ﬁ%{(tq;l |dhood
ratio. 13. The receiver of Caim9, wherein the metric 10 correctl on
section det éNHOFEStE9E -or nore normalization factors to apply to the one
or nore output synbols of the detector. 14. The receiver of Caim9,

wherein the detedifor cdisr irseeiyaromf I TCEVA ETediorthe slefsctafe
receiver of Claim1l4, wherein the metric <correction sectionis to

normal i ze eaeimpautgas =syrdiali usera defyedialr .oy synbol basis with a
normal i zation factor that is independent of the normalization factors of
previ ousgsynbol s.11 20 16helhedeaGRivV et @fla3nion Jherareithd Ritaitde is
comprises a rake detector.
12. The receiver of Claim 9, wherein the metric is
based on a log likelihood ratio.
13. The receiver of Claim 9, wherein the metric

10 correction section determines one or more normalization
factors to apply to the one or more output symbols of the
detector.

14. The receiver of Claim 9, wherein the detector
comprises a long code CDMA detector.

15 15. The receiver of Claim 14, wherein the metric
correction section is to normalize each output symbol on a
symbol by symbol basis with a normalization factor that is
independent of the normalization factors of previous
symbols.

20 16. The receiver of Claim 9, wherein the metric 1is

based on a log likelihood ratio for BPSK signaling that is

determined from the following equation:

2r(n)g(n)

LLR(n) ===—5 o

11



~based on a log likelihood ratio for BPSK signaling that is determned from
the followi ng equation: LLR(n) - - 2r(n)g(n) 6T (n) 11 2 9 MAR ﬁb@6MMh3®g:
r(n) is the detector output of the nth symbol; g(n) is the time varying
gain associated with the desired synbol; and 5 o (n) is the total noise
variance. 17. The receiver of Caim16, wherein the variance of the
multiple access interference is determned analytically. 18. The receiver
of Claim 16, wherein the variance 10 of the nultiple access interference

is detern ned

out put synmbols froma detector; determning

each of the one Ti®)orsndhe SRESHE Ly PHGPALL é%b% ofimal § 2%

edpiSiScal ly. 19. A method conprising: receiving one or nore
rnakgzation%factor for
?oh factor being

i ndependent of nornalization factors for previous output synbols;

nul tiplyi ng eachgoin)t He dre érimepve ratitnsutd asymseise Ay tach & iddy fidpondi ng
normal i zation factor to obtain a netric 20 correction; and providing the
metric corr eeidiored orsyeaedl ;syamabl to a

5

0%00 is the total noise variance.

17. The receiver of Claim 16, wherein the variance

of the multiple access interference is determined

analytically.

18. The receiver of Claim 16, wherein the variance

10 of the multiple access interference is determined

empirically.

19. A method comprising:
receiving one or more output symbols from a detector;

determining a normalization factor for each of the one

15 or more output symbols, each normalization factor being

independent of normalization factors for previous output

symbols;

multiplying each of the one or more output symbols by

the corresponding normalization factor to obtain a metric

20 correction; and

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.

12



channel decoder. 20. The nethod of Caim 19, further conprising %ﬁ@?gi@% a
"transmi ssion using the netric correction. 12 2 9 MAR 2006 21. Thg' RLRY
Claim19, further conprising determning the nornmalization factor based on
the following equation: LLR(n) _ - 2r(n)g(n) 6T (n) 5 where: r(n) is the
detector output of the nt'' synbol; g(n) is the time varying gain
associated with the desired synbol; and QI(n) is the total noise variance.

10 22. The nethod . of Cajm 21, further, . canprisi termni .. variance

of a level of rru%tli'pl e &eg?tqoﬁi @hrﬁfé:rl@r% e 1agrsialr%g/htritc%Irl fgn@ﬁ%%led/rret hod of
Claim 21, further conprising determnnin variance of a level of multiple
access 15iQQRQW%MéﬁEh‘%WbiHQ£$Q%kZ%§$5%;%ﬂﬁW%ﬁ gﬁﬁﬁ?%éﬁhg*“ﬁeternining a

nornal i zation factor for a symbol output froma receiver using a
det er mi ned Jarlilandeng recudtevesi: of nultiple access interference for the
synbol; 20 normalizing the synbol with the nornmalization factor; and

LLR(n) = ____2rg:)(i§n)
T

5 where:

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

g(n) is the time varying gain associated with the
desired symbol; and

oi(n) is the total noise variance.

10 22. The method of Claim 21, further comprising
determining a variance of a level of multiple access
interference analytically.

23. The method of Claim 21, further comprising
determining a variance of a level of multiple access

15 interference empirically.

24, A method comprising:

determining a normalization factor for a symbol output
from a receiver using a determined variance in a level of
multiple access interference for the symbol;

20 normalizing the symbol with the normalization factor;
and

providing the normalized symbol to a channel decoder.

13



~providing the normalized synmbol to a channel decoder. 13 2 9 MAR f?g&RZ%UG
The nmethod of claim24, wherein determning the normalization f
conprises: determning a tinme varying gain associated with a desired
synbol; and 5 determ ning the variance in the level of nultiple access
interference for the synbol. 26. The nethod of claim25, wherein

determ ning the normalization factor further conprises determning the

variance in a noise tepm Lhat, i Jandanandon, ohdiia O Narianged Ride

| evel of multipl g dccess interference et hod of c al m wherein
normal i zi ng t t he nornal | zat| on fact or conprises rrul tiplying

the symbol BY QTQ%hfﬂﬁﬂaﬁllﬂﬁF L & E58° The net hod of cIa|n127 wher ei n
mul tiplying the 15 synbaol the log |ikelihood ratloa%ﬁgf

nul ti plying the gﬁmmwrﬂ@( rptme Vafry(%gg@?)ln GFS A" (ah) is an
out put of the synbol; g(n) is the tinme varying gain associ at ed with the 20
desired syn@@slnﬁﬁj%ﬂmmmrlénﬁhe total noise variance. 14

5 determining the variance in the level of multiple
access interference for the symbol.

26. The method of claim 25, wherein determining the
normalization factor further comprises determining the
variance in a noise term that is independent of the

10 variance in the level of multiple access interference.

27. The method of claim 24, wherein normalizing the
symbol with the normalization factor comprises multiplying
the symbol by a log likelihood ratio.

28. The method of claim 27, wherein multiplying the

15 symbol by the log likelihood ratio comprises multiplying

2r(mg(n)

the symbol by LLR(n)=- >
or(n)

where:
r(n) is an output of the symbol;
g(n) is the time varying gain associated with the

20 desired symbol; and

o2(n) is the total noise variance.
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