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detection of the received data symbols with the channel response estimates to obtain

recovered data symbols, which are estimates of the data symbols transmitted by the
transmitter. The receiver then symbol demaps, deinterleaves, and decodes the recovered
data symbols to obtain decoded data, which is an estimate of the traffic data sent by the
transmitter.

[1004] In a typical coherent wireless system, the receiver processes the received
pilot symbols once to obtain the channel response estimates and also performs coherent
demodulation once on the received data symbols to obtain the recovered data symbols.
The receiver then performs symbol demapping, deinterleaving, and decoding on the
recovered symbols in accordance with the coding and modulation schemes used for the
traffic data. The noise and interference degrade the quality of the recovered data

symbols and affect the reliability of the decoded data. There is therefore a need in the
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channel gain and interference. The forward and feedback information may be
represented by log-likelihood ratios (LLRs) for the code bits of the received data
symbols.

[1008] In another iterative receiver processing scheme, interference is estimated
once and used in the iterative channel estimation and decoding process. This can reduce
computation complexity for the various steps of the iterative process.

[1009] For all iterative receiver processing schemes, complexity can be reduced by
estimating channel magnitude non-iteratively (e.g., based on the received pilot and data

symbols) and only estimating channel phase iteratively. To further reduce complexity
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[1017] FIG. 6 shows a process for performing iterative channel estimation and

decoding with an interference estimate;

[1018] FIGS. 7A and 7B illustrate two methods for estimating channel phase based
on received data symbols; and

[1019] FIG. 8 shows a process for performing iterative channel estimation and

decoding with a channel phase estimate obtained fx-om received data symbols.

DETAILED DESCRIPTION
[1020] The word “exemplary” is used hereim to mean “serving as an example,
instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments

or designs.
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cells. The interference observed by a given user can vary from hop to hop because
different interfering users may be observed in different hops.

[1024] FIG. 1 shows an exemplary transmission scheme 100 for a frequency
hopping communication system. FIG. 1 shows pilot and data transmission on a
frequency-time plane in which the vertical axis represents frequency and the horizontal

axis represents time. For this example, N; =8 and the eight subbands are assigned

indices of 1 through 8. Up to eight traffic channels may be defined whereby each traffic
channel uses one of the eight subbands in each hop period. A hop period is the time
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modulation scheme may be M-PSK (e.g., BPSK or QPSK), M-ary quadrature amplitude

modulation (M-QAM), or some other modulation scheme. The symbol mapping may
be performed by (1) grouping sets of B interleaved bits to form B-bit binary values,
where B>1 and 2% =M, and (2) mapping each B-bit binary value to a point in a
signal constellation corresponding to the selected modulation scheme. Each mapped
signal point is a complex value and corresponds to a modulation symbol (i.e., a data
symbol). Symbol mapping unit 226 provides a stream of data symbols to an OFDM
modulator 230.
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symbols to generate a modulated signal, which is transmitted from an antenna 244.

[1030] FIG. 3 shows a block diagram of a receiver 300 in the frequency hopping
system. An antenna 312 receives the modulated signal transmitted by transmitter 200
and provides the received signal to a receiver unit (RCVR) 314. Receiver unit 314
conditions (e.g., frequency downconverts, filters, and amplifies) the received signal and
further digitizes the conditioned signal to obtain a stream of samples, which is provided
to an OFDM demodulator 320.

[1031] Within OFDM demodulator 320, a cyclic prefix removal unit 322 receives

the stream of samples, removes the cyclic prefix appended to each received OFDM
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330. [1032] RX data_ processor 330 perforns iterative
1034k v erhepnedebiosithefrequeneichapping syslemoaenbaprpressedas:
synbol s to obtain decoded data. For the enbodi nent
shown in FIG 3, dat a, processor 330 includes a
chanﬁémgaﬁdgkf’ﬁ}'é’r%r*’e’ﬁé’él)esti mat or 332, a detector

334, a channel deinterleaver 336, a decoder 340, and FaM)
channel i mtefmkav@resds tmde) ,

where s,(m) is the data or pilot symbol transmitted on subband & in symbol period m;
h,(m) is the complex channel gain for subband % in symbol period m, which can
be decomposed into a channel magnitude a,(m) and a channel phase
6, (m);
r.(m) is the received data or pilot symbol on subband % in symbol period m; and

n,(m) is the noise and interference received on subband k in symbol period m.



operate as descri bed bel ow. RX data processor 330
provi des the decoded data to a data sink 348 and/ or

wa@ oousogdsier 350. [1033] Controllers 250 and 35BCTUS®O$/005907
operation at transmtter 200 and receiver 300,
respectlvely Mermory units 252 %&nd 352 provide storage

i35 7 325 BRPORR; A Sl iR e P0 - P e R to ve
hq?(}iri)hf thed r)ég'%&eg c?'ﬁ? Pyet%%)éf{&nxk Rgase 9 ﬁm?(%n nsdssl%% eFtém%tﬁd For a
e o S SN R HSROBE L 1 00

syabals feseived i aadh kop persydndzal bqoaevar:rgédm) ohmn:h reanmﬂ:éy accurate
decon'p ed into a channel ude ak {m _an
8? sqﬁ f‘gkna(gmf-u de gy (:‘?jrga% ti‘ﬂehqpeﬁ-’é‘l(’@e o }Hlaila tge following

% e o el eilh bt Brs bt DY anpeBareody 18t BESue phase.

(How &eB YA @lagifisl A6 1Thd Hork> %}en%?dl c§sle"iﬁ hitfdH the chdiiel gain can be a
channel magni t ude ak(m is assuned to be

COIAPARK Ve Pl un&nmmg@mmie@ndyahmé channel phase gk{m
[ﬂf’;gﬁl atﬁebl%cg g 125 onr ?Vs’e: ﬁp tlt eglve ?gcgéveafpr%c ts:sc,ling to

tron SC

ree6verpihk G.tansmﬂt@ gats. eCEcbrV@dlolnt’iteQﬁﬁd% beBmpE theOchaa8 RSponse is
averaged to obtain a reasonably accurate estimte of

eqtipeat gbpn ﬂ@gﬁ@‘(ﬂd@lm symyols.cndithareceived gasa syabols 7,(m) are
Thus, in the fo]l ow scription, the channel gain
coherently %fiﬁlmu&tfé#ﬂ %tﬁ%?fchéfﬂlu the ehgpns] Fespopsee Cetifadp obtain

ré%gé'&?d db4H9 mé%\ﬁ% (gﬁ 3 Qféses?lg%%st &ethgocfags@ﬁ{éﬁ\r/cf’a:ta symbols

case I n galn can be a co
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Iz non teratlve or Iterative recel

d#th AS8DHSIsNgtet ek %&Y&l’ea%!ﬁ aﬁd Qfé@éﬂeﬁt ﬁdo‘tﬁﬁhadecg@éd @ata. For an
nonZiterative schene, the channel response is

iterativerachsthep Ale channelt extimagion; defgctpin, end slgadstih g ar@p@tfcmr@d for

J K h ly d d
i O TR R s R B S onp o p b Bl of the
cétih@isthen®e & pERAdd ahpros¥dripel fornbk{ce) . T i§ haclefed by 1|;cerat1vely

estimates of the transmtted data synbols sk
pfemganioaRation hskv ey meunag] cstimator théeterier, amds dedoder for multiple

BRI BoRSR T Cale, Yabole e e L
[1037] FIG. 4 shows a Tanner graph 400 that graphically 111ustrates an iterative
channel and interference estimation and decoding scheme. Iterative receiver processing
is performed on a block of data symbols that, in general, can contain any number of data
symbols. For clarity, the iterative receiver processing is described below for a block of
Np received data symbols for one hop period. The Np received data symbols are
formed by Ng code bits, where N =B-Nj,.

[1038]  Tanner graph 400 includes a channel and interference estimate node 410, Np
detection nodes 420a through 420n for Np data symbols in the block, channel
deinterleaver 336, channel interleaver 342, decoder 340, and Np estimation nodes 440a
through 440n for the Np data symbols. Node 410 couples to each detection node 420

via a respective link 412 and to each estimation node 440 via a respective link 442.

Each of links 412 and 442 carries information regarding the channel gain and



iterative schene, the channel estimation, detection,

and decoding are perforned for nultiple iterations.
wab@sios@n@t i ve schenme exploits the error correptT/U82005/005907

capabilities of the coding scheme to provide inproved

performance. This is achieved B iteratively passi ng

t b Lyeen, neI est | . e ,
i HEAGER o0 B SAel B, SRR SR ROk, AN Bh mode 420
chgllesvio c[h]aﬁﬁél]deﬁit@lea%lsml\maaB Tiake eIIZZQﬁrainac‘hO&tlhﬁﬁbn node 440
graphlcally i.llustrates an_iterative channel and

coUplSr ipihaped iaistleayar Phh VB linke ddon PeORENRA0 peuplast toyghannel
délﬁt%ngibi\&féf tsﬁ(s inﬁ\?' fis! @doﬁ{cf &y Efﬁﬁn&i%’?’eﬂ%&%@@%g %oﬁ?hnks 432,

genera can contain any nunb
Eakét af mgkx:b@lZs 42(Fo¢32czindr436wanhémanfdrma‘a¢n (e thcedﬁeolmn indicated by

g s oSt Goaurea U ik o The A BERacdORgsch code bit s
t}fpﬁ,‘&ﬁy V& @hedﬁhﬁ o‘ﬂé"f@?llﬁteﬁﬁ@odf RAEFRELRY, WiBcie ﬁﬂﬁ‘ca’?ésttﬁe llkehhood of

wher e 38] Tanner graph 400 incl udes
theh:adﬁbllt bame ajone €Flf " oempero €4).mat e node 410, ND

(OO e YR SR RE . R 410 b herPinals® of M iict ot basea
oh The reRpNar pifd SynmBeRB0dBlodd400 éfichabde &f |tH@tchQIﬁleD?ﬁS§e if the
440a throug 440n for the ND data synbols. Node 4

pli raaenityde iecknoga: SNedest Orrdwesstinpteyithe iatorfesqnee obseaved by the
fédalé"g%@%@ sEPokRaG5 GBI ARSI NAEAD gyides Spro

mfmhmtmtt‘mmhammg phathe ragd idterfarbroene kagpadetecdion node4d0evig iak 412.
for the data sy associated with that |ink. Each

1940k ct iEssh ﬁ@fa@ﬁmd@ déPobtinse reypgatien reay et date sankal 7 (n) and
336. via. B IJn S 4 each estfimatjon n

th@d’l‘PBF RO o i) PG aRicSaESnGR O oAAL0 4gsh detection
fhs GRUDE R Forl Ak Bﬁﬂ{eeé oIV B FANRits 3B éghﬁm based

NB I|nkg§)2126 and to channel interleaver 342 via
oh ithik secéB2d dateckynatfol | 7, (R adk Bhe i, ind@thation féi36hanaelr plese and
information (in the direction indicated by the |ink)
infigyferenceo diach d@teatmm’r@t@@ mpvides Baiforwiand’. LR for the B code bits

o AT el SR R | GlinghRint et bpgrfalts the

fdrwhﬂ Lhredophallt kg coae Qntbllh ebﬁiaﬁﬂeracdiﬂlﬁeﬁleﬁtaﬁy ﬂf iR #erRaving
{1039] For the first iteration, node

p@&rmeﬁg Bsitrapgmisler ard prRwidendeipterleaysd ﬁOfB’égbIaILﬁﬁ tq dpsoder 340.
!f (Y
OREE & SesBaa 0T o Ak RELIPLIR, 85 e X ot bits in
adba)ﬁiaabsmthshe m:hmscihMe us¢Eby ﬂreetrmemﬂtweﬂeelxdmplé hiecoder 340
recel d nbols based, o recej ved
N@é nB\“bGlRﬂ’é‘:?”"Hr@%‘&ﬁ ) RlReRtER Y ﬁ°§ -gptput Viterbi

(551(527‘%’)"] \g%gnﬂﬁﬁ EP ﬂﬁnﬁiaﬂsﬁﬁﬁérf eS8 N SorlvBIEBAR QRSS! (29 T8AB/LDPC

decoder if the transmltter uses a Turbo or an LDPC code. Decoder 340 provides
feedback LLRs for the Np code bits, which are updated LLRs for these bits, to channel

interleaver 342 via links 432. Channel interleaver 342 interleaves the feedback LLRs in

the same manner as the interleaving performed at the transmitter and provides
interleaved feedback LLRs to estimation nodes 440 via links 436.
[1042] Each estimation node 440 obtains a respective received data symbol # (n)

and the interleaved feedback LLRs for the B code bits of that received data symbol from

channel interleaver 342. Each estimation node 440 derives “a posteriori” information



[ 1040] Each detection node 420 obtains a respective
recei ved data synbol rk () and the prior information
wo ecoosokamnel phase and i nterference from node BADUSHa®m3907
det ecti on node 420 conputes the LLR for each of the B
code bits that forns its data % Ynbol based on the
t I
o ST bR S KRl 1T Bt B Hed B MR data
synshde rAZD apd (el fdedbabk 118K wAd grovideRshik a[po‘sfeﬂoB ififod@atiori 6 node
to channel deinterleaver 336 via |links 422. Channe
4H)e¢ia1ﬂiakl4é2).ver 336 deinterl eaves the forward LLRs for

it r 1 2501 B st g ROk O RPERO AT Bl oG nterenece
afietet £hbaaves himaich HrRhatut] dReedand %ﬁ@rfer[eﬂ&“ﬁf])m estlmatlon

Decoder 340 decodes the deinterl eaved forward LLRs fo

nedee ;NB toohtaini updaied inforontitmbe chianpel tgaen @@@ulﬂgrfgr@h@@r each
F 4
%’}g?d ﬁ%t% syxini?s)f aﬁsﬁg]x %mr rovu?e St e?ngartlgd rﬁ%?aqlg t§¥ gﬁﬁ& phase

arill inferRfnte QUéoH dedétti@r 1lmde(43@\/)1"ha|d§’&bﬂldrhéﬁd decbmﬁg for the second
transmtter uses a .convolutional code ar

iteratieioaterthen peréued in singifas et As fardhe ﬁgsééte@atrpm lgeipwith the
4 f eedback LLRs f
B e e PoRe Tor These

[1044)s, to E]G:lnn,eleac}ntchtdcﬁaw eodd422¢ i derivesn kemd4 pthvides “forward”
gwannel erlg éer 342 inf.erl eaves the feed Cﬁék LL
iny ?Ff%aﬂen§ PO SATESRANGiRg &9 P ESPERYY eI P hERfe gymbol, and

ad8ert BAN T {VELan@ r&oﬂﬂ@s\/ kR 8hdch? th&fﬁ\éﬁ&l free ‘%Qé}i? ‘ifeéei‘gﬁ data
to estimation nodes 440 via |1 nks 436. [1042] Each

syashalnghe derwiaotiendifedtsiok difoenationds Mfta’lIVegw@ctel the froeafd LRs,
i nterl eaved feedback LLRs for

b'l‘%%ayBﬂ% %eeélﬁ%qglog]?er P35 r ecei ved data synbol from

[mhspnelmmtsemh@asverﬂo%zh hofes prdtRsd 800 Tedperddthing iterative
derives " posteriori” or mat i onf or channel phase and

Ch&ﬂﬂ@raﬂéﬂ@ﬁfé@emﬂeshﬂ@ﬁ%@@ dopadiBB. based on the received

AT SHA8eR 1l it mﬁbﬁlofﬁ??%ﬁﬁéﬁ%ﬁaﬁ@?%ﬂ? e Boained

bzisw@’ﬁ] thileeteived Qpilbosianbes. tSiep H10 &y pérfiraredety mudef 410 in FIG. 4.
channel gain and_interference angnt he a_ post

Agaipo HigethpBiel m&gngﬁ%ﬁeqssw%@ b\ 4novwe epd QPb’n@éi"%;‘iEﬂﬁl phase is
&%{d’céﬂit Tlférho?ﬁgﬁ%eddfc‘iﬁnﬁ BRI tl%?or A ?ﬂof %&18&{?/3;131%9 Be EQ¥ressed

annel galn and interference dat a
asynbol . Node 410 provides the updated information for
channel phase and interference to each detection node
420. ' The dgetection and decoding for the second
it er A5 at & then performed in sinilar manner as for Eq (2)
the first iteration, albeit with the updated

white QhdTBahfE ghf o &ﬁ@&ﬁﬁﬁel 98hd AR abdthRAt6 580G Sstant for all Np data

symbols in the block and the noise and interference » is assumed to be a complex
Gaussian random variable with zero mean and a variance of N,.

[1047] The prior information for channel phase and interference can be given as a
joint probability distribution on channel phase € and interference power I. For
simplicity, the channel phase # may be quantized to L possible values and given in
integer multiple of 27 /L. Similarly, the interference power I may be quantized to Q
possible values. The joint probability distribution on & and I may be viewed as a three-

dimensional (3-D) graph with the x-axis representing the channel phase 6, the y-axis



[1044] In FIG 4, each detection node 420 derives and
provi des "forward" information for the code bits
wa@oeoosesq@andi ng to a respective recei ved data spobob2005/005907
and decoder 340 derives and provides "feedback"
information for each received dhta synbol. The forward

and feedback i.nformation ig..typicall iven.in.the I
PP ARG e Al e Ry oB- b e RO Erenterti fline fbofobavitiy of
a bt Blar EhdaneBptRBOWE afd fal Wi GilAGhRFeRhcApHWQC LS SivaPd particular

or performing iterative channel and interference
1e@8ivEAPIOOS IR 486 elhNBrobbbiFddistibafi@Po® Kand hey be expressed

i nformati on for channel phase and interference is
abt ai ned based on the received pilot synbols. Step 510

is perforned by node 410 in FIG 4. Again, the channe

magni tude is assuned 40 e kpow, and-eply, t he ,ghannel

phas®ri8=ex1li-ht|¢]. G e 05 0’}] &drvat i on

for the pilot synbols may be expPe®ed as: h =a -eJQtn

, Eq (2) where the channel gain a and channel phase q

are assuned to be coppt@ant 1 ief(ald=Ddaa synbols in gq(3

the bl ock and the noi se@g}d’)i ngélfer%’nce"z i s assufed 16)

to be a conplex Gaussian random vari abl e mﬁth‘ge{o

nmean and a vari ance o [ 1A47] Thd por poa-e’™ |

i nformation for chaﬁé‘l&op’fﬁ%'e LW( terfergnce cap be

given as a joint probability Wi stribution off charnel

phase g and interference power / . For sinplicity, the

nnel ived PR SHRLBYAR ) &Gk Sudt pREESIoE val ues
ng% gf\h/setﬁg?%eﬁ nt gerst}ﬁlul tiagiltﬁe of 2p /.pL S r(r)i larly,

the ipp{gcfeerence pnge bin@BHobABILE @BEIbaR6N bR Aand I, which gives

possi bl e va1ues._ he joint probability distribution on

q and | M HEbabilRYWRE tiRSchambdl PRSI UER1ES HORR the IntBference power

graph with the x-axis representing the channel phase

q, the >>pgn} IT epfeBIRdlebéiged Pifotishingbll Brence power |,

and the z-axis representing the joint probability of a

par t ipggbarg chamneis ap HAbiR S oBabilay tdisttib@fon on @ and I, which

i nterference power | given a particular received

pi | ot synmBpks thENRobadility afftdekinhéltphash béing @) tan@AhOmtdference

and / may be expressed as: ' 0O FJ pr() ocPr(J / O)Pr(p

| = 0,/ =pbw&)beingEf);(3) where is the received pil ot

synbol and >is the actual pilot synbol; Pr (q =q0 | =l

0 \ p)Pri(3 | Vb, jlok i) ps obapiobabilitydi &dtribittidn qobtained bmdd/ on a

, Which gives

communication channel model, e.g., Gaussian) that gives the probability

of obtaining the received pilot symbol p for a given channel phase 6,
and interference power I, ;

Pr (P) is the probability of obtaining a given value of p ; and

Pr(I=1,) is an a priori probability distribution on I, which gives the

probability of the interference power being I, .

[1048] The first expression in equation set (3) is obtained based on Bayes’ rule.
The second expression in equation set (3) is obtained with the assumption that different
values of channel phase 6 are a priori equiprobable, so that Pr(d =6,) is a constant

and can be omitted. The third expression in equation (3) is obtained based on the

assumption that the noise and interference is a complex Gaussian random variable with



the probability of the channel phase being g0 and the
interference power being |0 given the received pil ot
wagoososedpo ; Pr (g =QQ | =10) is an apriori | oiPCT/US2005/005907
probability distribution on g and / , which gives the
probability of the channel phaéé bei ng g0 and the
interfer nce
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PACRABNY b sl 5L LD, B9 0y HURRIAL S8R o sypots
a{zam%] thehendliiplstjolk prodasiliondismibatoit 08 aB@T afe3dbthified for these
obt ai ned based on Bayes' rule. The second expression
symbelg aed cermbiged tq sbtamsor@mvamlﬂe@r Wswmmﬁmht@ distribution

if AN val re a
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dfBibubien O/l 4 Blﬁfjl folhBe b 'a[lCNJ? i‘é?:%ﬁr%& lgal symbeRu afﬂl@fblﬂt?ﬁrobablhty
i s obtained based on the assunption that the noise "and

distritbeitibe centaims |18Qq>rdmbnitg)va1@amﬁxiladiffemmd ommwal pledsé &'alues and Q
i.t hzero .nean and vari ance _of ati n set
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vaRRd ¥ A rhenge &h{ ?kdﬂ(ﬂbf&#&?%s@iﬁ{tﬁg% e%ér%s rior mforrfl%tlon for

di stribution fu ctl IntegrateS to one over
climmeli phasq dtvigterfereace obtained baded oinlthd secelivad pildrstinbolson g

S ob ned for each received pilot synmbol, as
lﬁﬁglm .Hleea biljHes; dor {he) joipt dwmwlan ePlf(é?ce o & fpi Phrmay be

iR A e e
u&ymekﬁlkélﬁl%o@QH@é Y18 & theQREHLaBMRY @lstritftion of a single code
oSite kn;nt probablll di stribution on g and /

bﬁor hgluse pf dﬁé@hﬂp rﬁmcsesbﬁmf@ PrSvaé)piltE&@V@d@vhqjmd@m eompute

b i but f b
et Fe R RARAh b Bl BB s S AlabadRR). 1 O LS T, DY
[msﬂ ri brdel intCRRdbabINE Bis@HRteRaN 14 ind Yak Ussaih&@ bhsed on two

di fterent channel phase values and Q different
vingbégsf @ ashl thapanser prieri inskependent hThajpitselistrilewie iashus a product

f babi | it . d_]. Thi t
aisiegslion pf ¢ g SRR DR 4 31 SSrDURP o by T AERIEWHHROR dhmay be
agsﬁfneg haBg ﬁhlé&lﬁfls Fhé ﬁﬂ%ﬁg}igﬁ LRIDES 1HRIMRIBRAOASHE: Altribution)

he recel ve
may be derived in various manners. In one embodiment, the interference power is

assumed to be uniform over Q values. In another embodiment, the interference power
is assumed to have a standard distribution such as a Gaussian distribution or a log-
normal distribution. In yet another embodiment, the interference power distribution is
obtained based on network-level computer simulation, empirical measurements, or by
other means.

[1052] In step 520, the forward LLRs for the B code bits of each received data
symbol are computed based on the received data symbol and the joint probability
distribution on @ and 7 for that symbol. Step 520 is performed by each detection node
420 in FIG. 4. The forward LLR computation for each detection node 420 may be



[ 1050] The probabilities for the joint distribution t
(q =qo,| =I 0 \p) nay be expressed in the | og-donain

WO 000Si0sqako fy subsequent conputation. This is sSPOI/U8Z005/G05907
the use of log-likelihood ratio (LLR) to express the
probability distribution of a 3Bngle code bit. The use

of. 1o res ion for rob ities oi S
PRETIRER P St G0 T Sithe B = QB A oo Bt kflfg of the
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probability di stribution on g and | is obtained based
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In one enbodi nent, the interference power is assuned

to b ni f or val ues. In another enbodi nent,

t he &ﬁkérﬂ@ né%sﬁg&%r*% assuned to have a standard E4(®)

di stribution such as a Gaussian distribution or a

| ognormal distri et ano her enbodj nent, the

i nterference pc?vgfa?@tgrt 740 P ”&)EFaYoggﬁ thdsel) on

net wor k-1 evel coffpiter sinulation, enpirica

nmeasurenents, or by other nmeans. [1052] In step 520,
whef f’c‘i’“ﬁ@rclgtals&ﬁi%of Pllud R BnéadenNtpRsdble Sakls;r ecei ved

data symbol afe computed based on the received data

synmbdir (anc, | el tent msthabi Histriputlos toni bgivennr,owhighagides the
/ for that symbol. Step 520 is perfornmed by each .

det ect i onprabdieilit of the @dtGsymbolTyeduef beingry EivRn the received data

conmput ation for each detection node 420 nmay

beper f or me¥mbei 7 wo steps. In the flrst step an a

? ?ZL ?,Ih({ iedgcé}ﬁsréll ?ils&%bl.}%oni}hgthévv lPtr% ggg eoé Obﬁallillﬁg received
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di stribution t’ake on one

f Mgz 2B l e I i
i stATsae .%%S?Kﬁ. B 1RGPty Bﬁf@%?f%g thgchpgel and
M p033|blgn&%;§%%€g n%u%i j the received data synbol

r andthejmn ’ty di stribution on q and 1.

The aResleLind = a SEJ Ut b QanPlexXG@isvian distiButiddewith a mean of
expressed as: Pr (x =X0 1r) Pr (r |x =X0) , Eq (4) =

(g =qi, | b mbi3¥kisnde%s7%0. 9 =91, 1 =1J) , where x is

t he data synbol val ue and ¢an take on Mpossible

values; Pr (x =X0 1r) is the_a posteriori_distribution

The apogletigti 418th%1101§¥ given fhBr (ﬁr'oha B1 4 gy bevicped agaPaD graph

nmbol . val ue being x0 given the received data
tha¥ contains proba 1t}9 va)l(luesgfor i/P values of x corresponding to the received data

symbol 7.

[1053] In the second step for computing the forward LLRs, the a posteriori
distribution on x for the received data symbol is “marginalized” to obtain the forward
LLRs for the B code bits of that symbol. The data symbol value x is determined by the
values of the B code bits and the signal constellation used to map code bits to data
symbols. Each of the M possible values of x corresponds to a different combination of
values for the B code bits. The forward LLR for each code bit can be computed as a
weighted sum of the M probability values for the M possible values of x, where the
weighting is determined by the distance between the data symbol in the signal



symbol r ; Pr (r Ix =x0) is a distribution that gives

the probability of obtaining received data synbol r
w@Rwssdsme dat a synbol val ue being JCO ; Pr {gPEI/LIS2005/005907

J) is the joint distribution on g and I fromthe

channel and interference estimfion; and Pr (r Ix =

: n ol ._ Cetributi i
oielion (o7 chntglitioR 5P g MDA AEHRY 533 58 blbvides
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is perforned by decoder 340 i FIG 4. The decodi ng

may be perforned based on, for exanple, a MAP, SOV, or
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obtained from the feedback LLRs for the B code bits of the received data

symbol 7; and

Pr(r|x=x;,,0=86,I1=1I,)) is a complex Gaussian random distribution with a

mean of x;-a-e’® and variance of .

Step 540 is performed by each estimation node 440 in FIG. 4. The a posteriori joint
probability distribution on & and I given r is similar to the prior joint probability
distribution on fand I given p computed in step 510. However, the a posteriori joint
probability distribution is computed based on the feedback LLRs whereas the prior joint
probability distribution is computed based on the received pilot symbol. Step 540
provides Np joint probability distributions on & and I for Np received data symbols.
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Thi s
Pr(0=6,I=1I,|a,f) «<Pr(a,fp|0=6,I=1I))

=Pr(x|0=6,,I=1,)-Pr(f|0=6,,I=1,) Eq(6)
<Pr(@=6,I=1,|a)-Pr(0=6,I1=1,|p0) .

The computation in equation (6) may be extended so that any number of distributions on
@ and I can be combined. Step 550 provides Np updated joint probability distributions
on @ and I for the Np received data symbols, which are used by detection nodes 420 to
update the forward LLRs in the next iteration. Step 550 concludes one complete

iteration of the joint channel and interference estimation and decoding.
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ngﬁ JPJIty val ues, the conputation conplexity is
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[@0621t | z Esitiwidy, wadnterferenbaestiglate and prior information for channel phase are

obtained based on the received pilot symbols (step 610). For step 610, a joint
probability distribution on @ and I is first obtained based on the received pilot symbols,
as described above for step 510. The joint distribution on & and I is then marginalized
into a probability distribution on & and a probability distribution on I. A value of I is
then selected based on the distribution on I and used as the interference estimate L.
The interference estimate I, may be the largest value in the distribution on , the 7 value
that results in minimum mean square error for the distribution on 7, and so on. Step 610
provides a distribution on @ and the interference estimate J,;, The distribution on 6,

Pr (@ =46, | p), may be expressed as:
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[1065] The a posteriori information for channel phase for the Np received data
symbols and the prior information for channel phase are then combined to obtain
updated information for channel phase for each received data symbol (step 650). .In

particular, an updated distribution on #is computed for each received data symbol based

on Ny —1 a posteriori distributions on @ for the other N, —1 received data symbols

and the prior distribution on & derived from the received pilot symbols.
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bt ai,n eedb ck LL far 0 blts( te
[ 86 st e‘ﬁi 8% | HPW O hat :ta%en g(rie e%\e%}hgl (gste ?é—mﬁﬁg 933 lterative
chbmﬁil Retimition ead dedRit® ke 660)a EMH@@hsvhﬁtS@dn@’n ﬂidihethe process
feedback LLRs for the B code blts of that synbol and
TetHENS| I SEPIA2Pdp dpdae therfafvéarglétléﬁé fonthp B qade bafs 96 secdrreeqiyed data

g")?%?fe 'ggeg a tﬁ% e?cg vl c?a?z?;éyﬁgg&g t{(ﬂﬁaﬁ&&cﬁ#@& 0{1”@%9 and the
mteﬁbl)ené’e/ ésrthlxatelgst, a=6Howin 1l equatlenl (§) 1 Wibdrwidep iR process terminates.
osteri or| i nformation for channel phase for the ND

2200 iSiEpPOQ apay ks pestormed allen 4@ 930 or i nf _or mati on for
[I'fn nel Tﬂgﬁé tl%% &Hl%flfs‘fﬁ;gﬁoﬂea dtdc recel Vﬁ%ﬁgre%]ce estimate

rmat1on anne or eac
sayided bé @Eﬂmiﬁéﬂ)m other mamiers; ahd Ith.lS awitlnd ahe sbope of the invention.

|str| on on%ls conput ed, fo eachrecelv .at% o
ﬂﬁﬁ’i‘ﬂlp @@ate{:ﬂqv [pracegs %imﬁ% F‘BPPut’allg&JP%E’f h’gi'% stalbutlon
onh aﬁchffd}te'aa‘z) rddElved Yafa& 8?@1‘[ qﬁ@fe%dt{?ﬁ? h$ rRNr Hﬁesiyl[nbol set to

pf | ot

prior distribution on < rlve fromthe receive

783030 afhe . rEdddeehl] dafa skl @hm piovide inforinbien fvde MheiuleRz0M even
not to termnate the iterative channel estinmation and
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on'q, and the interference estimate lest, as shown in

ceqibatedowith 8) pnfiit jmnh/\dlsmbutlhma opr 6eed 9 deeived rfateshe received pilot
Agai n, step 6 be perforned_after step 630.

Spmbelf] Thy élPFl%téﬁl qntdistautmen dend hior Fesh rgprAvededassypol is then
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manners

SERR¥RA Hasdth o Stic gxaivatién oh Uﬁaddtt%dtab‘ﬂ% RERfRERe GBlimate Ly The
start by conputing a joint probability distribution on

dzﬁtrahlﬁlqn qrof fasgeeh reseiwpd data gambolapdities 1nwrﬁ6renph estimate I,y are then
back L.
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sgl?e?rlljet ﬂ{alg ?te}rartl%fgﬁlnlllgdtaﬁag c%gltmaeli) g;.ézollntsorm-gtqz)rf 1sI Plfeoriurlrnabtelr %? values to
which the channel phase &is quantized (i.e., the value for L). For M-PSK modulation,
the channel phase & can be estimated to within a range of zero to 27/ M using non-
iterative data-aided estimation. The technique described above for obtaining a
distribution on @ for each received data symbol with the feedback LLRs set to zero is an
example of data-aided estimation, which is a non-iterative technique because the code
output was not used for estimation. The channel phase can then be quantized to M
different values (instead of L values), which can greatly reduce computational
complexity if M is much less than L. Various methods may be used to estimate the
channel phase based on the received data symbols. Two exemplary methods are

described below.
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[1071] The channel phase may also be estimated in other manners, and this is within
the scope of the invention. For example, the channel phase may be estimated using the
techniques described above for obtaining a distribution on & for each received data
symbol with the feedback LLRs set to zero. As another example, phase of each
received data symbol may be multiplied by M and then average.

[1072]  If the channel phase modulo-27/M can be estimated reliably, then channel

phase is known to within a range of zero to 27/ M. The only uncertainty is which one
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ot her manners, and is 1S wthin the scope
channehestiomtioRend eleeoding withhe cleinael pblksqtstismteralytained from received

[ d i. hni d i bed. ab f
R D A R e R
[Fo7apol H’ﬁﬁzﬁ'lyﬁ e hesdp 2ﬁ$‘se ldiEestiRited & WRHEIR 2 rﬁ?ge)altffgtéﬁ% 27/ M

exanpl e, phase of each recelved data synbol nm
basedt amptheadcdiyedilata dyinbels (atepr8@8k. SfepBUB] mhy be iperformed with the

e SHE IS, H SRS LA s e
cﬁé}mgpgllrasé/lestirﬁﬂ‘é @n! ?rihf‘ﬁﬁ*é ltiﬁlﬂfoﬂ %aﬁﬁ@l ?a&nig HenMbtained based
| C el ongs to. An

possible ranges the annel phase _
oh & RELiVEd FRGSTRbORYoF Ve nSBRI IS dehiNVAlh&RTo# M (step 810). Step
val ues for channel phase, i.e., {qest, qgest+QVv,
3fe prodd@d a distribujeaton Klbasdéd on (i Feceiwbd pdogdfnwls fdviM different
instead of L different values, where L is typically
vAenof @rger than M A distribution on q woul d then
ai \; 0
U7 ST Sk i B B BUTRPREED Eeochiti g dgin symbol arethen
comppieddnkad ofl hthe aocgivddatiate rsynmibol atdhé¢he privaindfolmalen aorl channel

eedbac LRs ar reatl [ Lfi.ed because of the
P.;l%iﬁéﬁteﬂ §3Bkr Sigp 550 %&aﬂm@fsﬁ%ml MaERr aéﬁamtﬂ@@ above for
steh 3206nF1@N3eIr RYREL0 WBFIG. 6. The forward LLRs for all Np code bits are
decoded to obtain feedback LLRs for the code bits (step 830). A posteriori information

for channel phase is then obtained for each received data symbol based on the feedback
LLRs for the B code bits of that symbol and for M different values of & (step 840). The
a posteriori information for channel phase for Np received data symbols and the prior
information for channel phase are combined to obtain updated information for channel

phase for each received data symbol, again for M different values of & (step 850).



quantized to L = 8Mval ues, then the estimation of the
channel phase to nodulo- 2p | reduces the channel
we@saososd4eon conpl exity by a factor of eight. TPeT/US2005/005907
estimati on of the channel phase (e.g., with received
dat a synbol s) may be used for &ly iterative receiver
ess) ng.sche 1 ] 8 shows w di 19
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cl%ﬁbl’féétinﬁd‘ﬁloﬁ%dd@é‘c@diﬂggﬁ’s@pt §603. qlﬂ ang ehsvdh ds ene's theﬁa:he process
obt ai ned from recei ved dat mbol s. For_ si npl I Ci
reiuge s sep 880 &b&daﬁﬁ)&eé%wiﬁ fox the & ¢adedifs of e{@llqmved data
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first or second channel phase estimation nethod

(ML | H%T@Sab%v@ %!ilﬁdg phevi Heee spesilinaphranespfonseerforming iterative
f

SRLRTRR L 00 Gk TS, R AT, o o

chélﬁabnﬂtaeadn(bfntd:rferehd‘ef the aplhenvainUidss. (6f1teqat{vst§e;pd8tb@jnformation for

GBSl TS AT R L0 R R2258 O B i . 5

it Vet u §B§te§ @ 0Rhsdr 132 ch@Mnel BRaR £@dRePhhAe %fo%ﬁ&tfbn obtained

recei ved data synbol are then conputed based on the
fioer ethev gdcaietda detansphbalad t'\/haempas i @hen ntmtlnatmbﬁncs’o may also be

.C ste 20ma erfor d in_ ..
P RMeRiea ARP i BRuB RS seopecd B8 piitar c FBESHAMMIE Hpldimation
& Wth Sh&Mebglask rﬁn& lifderfrendd@iaf; e Vit AlivelyRepdati fot b shBIl number
code bits are decoded to obtai n feedback LLRs for the

of dtpsatiping.s a(l«étl@@r@awn far okt shawnel nhasomat boritergively updated

RIGRAF! B S, SRALRS LOLERCTLISERY iRl once

aﬁ(ﬂ infoahation o Imtaffdrefch miyly befiteestbrely vpdatels Af yat gstlep example,
840). The a, posteriori, information for channel phase

theommr rdcafue dorehaamelRigsh and HHer{Hengs 9B oe; TRRNsPRaR Fiequent
1@&?10ﬁ§]anﬂglth? @ién %%se%&rg it E‘P slé%abf l(];] oints have

or mat’i on anne or each recelved
nsglrg]bily lowgmbabﬂmek/ladd f;mebeelmomdl ues of q (step

(HEP o RePiinea PO I IO, B0 4c i HETOGR EPRET GRS dpgrterence

eﬁ%ﬁé’cﬂinnﬁld( §&c88in36Rhemé fmagrhfe ABWEE fas ﬁt@ratlﬁg betwicBR Medd¥@r 340 and

process returns to ste 20 to update the forward LLRs

af @ pastexioB: probebibity éAB?) dededtor %@b(w@d infervening Ahasineldgintgrleaver
55 BRI BoRL R o 5 AR oo s i o

aAJAIR), witdred BHMAPraytebier peiig ke thost lilefly 8418 oBAR. bit (1 e., 0 or 1).

1077] FIGS. 5, 6 and_8 show three specific_sche
31 defesterrPGR H@eq thefgedhagk information (incoming LLRs) from decoder 340

and the received pilot and data symbols (received values) to obtain the forward

information (updated LLRs) for decoder 340. APP detector 360 estimates the channel

and interference based on the feedback information and received values, and the channel
and interference information is reflected in the forward information provided by APP
detector 360 to decoder 340. Other types of detector known in the art may also be used
for the APP detector.

[1079] In Tanner graph 400, channel and interference estimate node 410, detection

nodes 420, and estimation nodes 440 represent one implementation of MAP detector



recei ver processing. The schene in FIG 5 iteratively
updates information for both channel phase and

WO paoso8@nence, the scheme in FIG 6 iterativel pCUpPEED®S05907
i nformati on for channel phase and non-iteratively
estimates interference, and thé2chene in FIG 8

sl UL B8R BEF WD 4 B PBP B G CHRE MPontrval Gy ithin

th8 ¥ SEthyafvehtign. Ot her iterative schenmes may al so be

iﬁﬁ emented, and this is within the scope_ of the
[108lent i Referrmgr backatpIFAG. i3n Rk nddts dHogassorpdith meyaiplpment any

regagt%g}nﬁ)%%sg nl;%ésre&%ﬁée%‘f tlggiych@ﬁe shg‘é;vﬂtl*g \ﬁ&}y u&gﬁ]%lﬁﬁj 359 erforms

terations orna i on
stqhalm; 1540 had & 50pdetdutor I3dr i foviak ytep 520} adl ddoedes 310 @Brforms step

%o i P o R UCh o PO S 12 PETATES SFBF B P 650,
dé?éac It gﬁﬁﬁ)bﬁ‘é{rﬁ{u eSQ}?%&@S d%ec)ﬂﬁ&r MPh &%gﬂ%@ég}%ﬁ) F&ethe scheme

annel phase” an ference
shown heFi@d&;:eﬂlhmahosm%pepf@ms stey 809, 19, S4B anh 850, detector 334

t b t, f th i nt
P 55 61 SO B orRE Feb 33 can be | gnor ed.
[1b§f]7 8] IF@ﬁ'fcﬁz!ir[ty %e?ﬁ&%sélﬁg bY &KX ddtaditfcdbsort 330 foi BeachdtBe shown
e

channel and interference esStimati on and decodi ng

ins EKefe 4rapdbe i9i @%@ﬂbeﬂs bielowt. at Chepuisktand eintarbeeenger esgnptor 332

BB S8R AR i AERN PP 16780 or o v

1t@btme¢hamﬁéledddemvafera1&3)esu(nAtorBBE diriifg taeived tpilon Syrabols from
distribution on a bit (i, an LLR) whereas_a VAP
OFBM: cesrodulatorr 329, @ﬁ‘é"‘?‘fe@’t‘ﬂlmf@é‘lﬂ?tl% Qeehgnnel phassiqnd interference

R A S R D e e

Fasreaaeh\seblseghémttemmbndemmwml dbtdinerecivetidatakymisyls from OFDM

oot 330 oAb et EBF Tohe o PR ol e araiad data symbol

fréRch el LRESDGE: Bas e@er%s tdﬂﬁosft%w 3o d MRtdhaMnaWin and

recei ved val ues, and the channel and interference
infenfeoemeet foowashsraceivee detacsyimbol, ronfhinasethel ai rfsteriost infmmation and

rovi ded .by APP det,ect or, 360 340, Qher
o] Bt Rttt At bdited' TRRAGRIF Jop iEle) eain and
int@feréh OPEacRGEOGYSH datd IR td Aetd@bi®34. gr aph 400,

channel and interference estinmate node 410, detection

[198%es 4Peicctond3dsinplampan drirsier odpsy Eilecthenisboftdn m FIG. 4.

DRIRLE D! @104 DR 1818 ShABIA Qront K51 E1REIEARA20 and the
nay al’so be T nplenmented I n nmanners,

priertupdatddn mihmmibno ffort bleannal @haseo and [1ﬂ1@ﬁ61]en6€effmm Ies‘g;mator 332.

back to FIG 3, t
Dgtﬁg)tor 334 computes the o?wgrderJ]? gsfgro ’Ehe r;riaybltsnﬁj earc.:rlg3 received data
symbol based on the prior/updated information and the received data symbol and

provides the forward LLRs to channel deinterleaver 336. Channel deinterleaver 336
deinterleaves the forward LLRs. Decoder 340 performs decoding on the deinterleaved
forward LLRs and provides feedback LLRs for the B code bits of each received data
symbol to channel interleaver 342. Channel interleaver 342 interleaves the feedback
LLRs and provides interleaved feedback LLRs to estimator 332.

[1083] In the description above, information for channel phase and interference is
represented with probability distributions.  Furthermore, forward and feedback

information is represented with LLRs. Other representations may also be used for



recei ver processing schene. For the schene shown in

FIG 5, estimator 332 perforns steps 510, 540 and 550,
waledsos@ano 334 perforns step 520, and decoder 3BOT/US2005/005907

perfornms step 530. For the scheme shown in FIG 6,

estinator 332 perfornms steps 613, 640 and 650,

det r 334 rf.orns step 62 and. decader. 34
clopfhtse i, RiTe, 2o Bode Mo 28ch 055 I viehes thg scope of the
1rﬁ§1§t!idi‘ﬁtIer e?z&ﬁpléefofg(?foﬂ’ﬁnﬁfe@?b%e&@ﬁon GefbrseBAb i3 Shd so on may
detector 334 perforns step 820, and decoder 340
wyetlo e commytatog fof thegatiowsotteps|ia HIES, 5.tth @nqbﬁe% depshdgnt on the
C
P%%cﬁ%* 8B} e SRBR o e R S A TP bl codEBie.
[1984] matior ddzy) thel compitAionoke eédlﬂoﬁﬂda ﬂsﬂis' meFiGrs zosesifically
440a through 440nin FIG 4. For the first iteration,
deseERwbI FRH Stam @Y GHonderivesits ﬁﬁﬁoapatmnb pthgr maanners, and this is
Wﬁcfﬁﬁleﬁlg%g%lw J)iﬂlfhe Jgﬂﬂbﬁ‘ Als eg:al? &?ngé-, H@n PEY:5, the received
erives prior ornatlon or c aﬁne ase an
pilott qnﬁlmlenmy baspxdcecssedt e ob’e\dxeiavpﬂotpésltmatesywhiohsis iadidative of

& Bl RbsPrasR P ITE o sibal SSbm i pwiaton (). The

ﬂ&cﬁ%hﬁﬁ% @e%ﬁﬁé@b%{%ﬁ%@@lﬂg @Eédfé'céib% ﬁgiosy%ﬂﬂls with the

feedback LL for the code bits of each received
cefdegeted, piles] syinhointe iemons! pilattreedwaticsr agli) nekxingldy cembining all

ste i.nf tion.,f nnel_qain . . .
pfifFPRRsetiN o7 Bl msR biobR s 8lsthgt thecaiighpimte i then
uééﬂetoaolﬁzﬁﬁtaejdlﬁrﬂrobdlﬁl‘i’t&rmémﬁﬁtlﬁﬂQntmﬁldp}' Fthe prior information for

i nformati on, and provides updated information for

chﬂmadnéwsgandunﬁmﬂﬂﬁmﬁerference for each received data

UPEBEC oict TR Ehabe panln ot iR atife HRLE P ftuae i

ka#n B?tﬂ&b fb‘éeiivbﬁ(lree (&tétﬁﬁle@ﬂi}ﬂscﬁﬂdfﬁﬁh@) fah@ @ GFRYIchannel phase is
denodul ator 320 and the prior/updated informatiaon for

eiimaierb iteghxely. alhe ?W@?lfléﬁﬁﬁ@éefmwlé‘é {Pp pst@pted dteratively along

or the B code
Wi e a5 TR Sl AP RIS D | e
[1086pr / Ufskaitadtiva teeeivet pMewntg teoknigeeedesedbatbhearemymipbe used

and provides the forward LLRs to channel dejinte Ie ver
Q?SBanct‘jﬁaWH‘@ sy éioﬁtf’é‘ill}l%'f’é\?é‘r SYSEENY SHER 5| & Myeased system, a

o Ripteirthuk L‘l’Rﬁt PR tfeﬁf IRd 96 Bﬁd"lrl‘lgsé)tréd&tﬁ@ms may also

dei'nte Ieave for provi des feedbac
b¢ gsed: foe tiB: dowalik (ils dtbmem«]; hnk)emui theaiptink &.symeberke tink). For the

ch I nt er 34 Channel .. inte . .
AGWRER Sl 200 Bngtiition HEre RRIP BF B ALToR, B} rass g 300 is
pireedRagkr fekithal 6r & $érh6M@isBitiod3 For [tﬂ@ﬁ%lnld Rrah&iBitter 200 is part of a

descrlptlon above, information for annel phase and

usey terpRRa ,ezmglgepegver 300 1s part of an access point.
[1087] The iterative receiver processing techniques described herein may be

implemented by various means. For example, these techniques may be implemented in
hardware, software, or a combination thereof. For a hardware implementation, the
processing units used to perform iterative receiver processing (e.g., RX data processor
330 in FIG. 3) may be implemented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays



represented with probability distributions.
Furthernore, forward and feedback information is
wo epsosamt ed with LLRs. Ot her representations PeEmUsis®005907
be used forchannel phase and interference and code
bits, and this is within the sé@8pe of the invention.

(Fgre%o sgbﬁgpetssc)rgl nghtléoqge% » &1 remr & ITltert 'ngfgroiaﬁ&\égsro%s othe;(r electromc

urﬁt@ desipgedva &ieﬁbﬁn&lﬁ@ﬁ&cﬁ(ﬁhsﬁle@lbeﬁ heEeln and oSmbSnatlon thereof
ependent on _the particul ar representati ons used .for

[ 9 chEfin| SOEW&geemamemPW@B% Pe HEEIYRA I PRIGessing techniques

b 00 i 8y 895t odh 08 RIS BEN R eRRSu 8 ot perto

therdynatioso delribeé hetesn.| r‘ﬂ’kmrsasﬂiwaom codesahblye e rstomert it ¢ nagmglory unit

this is wt.hi t.h cqpe of the venti on
(cpangnary it 32 4 HGg 3 fnrecnied BY g iragiarda. g gogiroller 350).
Tl'?e)iﬁg’&lbl%f RYmBG bl 'irﬁﬁf%ﬁl%ﬁfédtwﬂt}ﬁﬁ’t o8esior B lexRedal BRhS processor.
i's indicative of normalized channel observati On

[19819] t hé. hpptmomebcmmonaﬁ thdisplosed eybediments iPprovifiaé to enable

ilot estit bta ned by ( mul tiplying the, .
B80S TR in Tk B iy e st i Bpsted s for. " Various
mﬁd&ﬁbéﬁonﬁ o Rd¥ \eentddirRénte WAl ba ré 4l yap@afer) tonfyde@Milled in the art,
conbi ning all pllot synbol s received for the synbol

ang| the RensEr mgmce&@%/«éfr wgd hWPéU playdre applipdin @thprsemmn%t@ ithout
t ri
de%:grrtﬁ’x? fdn[f' ;dlri‘% Jrs T Q{S_Igg}t% téﬁr(veg i %ngﬁlﬂg #o g?égelg ﬁ{;&xtlon 1s not
intentied foﬂfeéﬁﬁﬁed to]ﬂis EinbEmlmammﬂomn Heyein lbhas debe ncgotdednthe widest
above ass hat, the channel magnitude is known by
scph%cqné@@pwﬁl( e grincies apdoee) £ wWurehsclpedhereand only
t he channel phase is estimated iteratively. The
channel magnitude may al so be estinmated iteratively
[189GIng WHAT k2 CIIRMMED kshase, al beit with an increase
in conplexity. [1086] The iterative receiver
processi ng techni ques descri bed herein may be used for
various W rel ess comuni cation systens such as an
OFDM based system a nultiple-input nultiple-output
(MM) system and so on. These techniques may also b
e used for the dowmlink (i.e., forward link) and the
uplink (i.e., reverse link). For the downli nk,
transmtter 200 is part of an access point or a base
station, and receiver 300 is part of a user term na
or a renote station. For the uplink, transmtter 200
is part of a user termnal, and receiver 300 is part
of an access point. [1087] The iterative receiver
processi ng techni ques descri bed herein may be
I mpl ement ed by various neans. For exanple, these
techni ques nay be inplenented in hardware, software,
or a conbination thereof. For a hardware
i mpl enent ation, the



processing units used to performiterative receiver
processing (e.g., RX data processor 330 in FIG 3) nay
wbeoosnopdsanrent ed within one or nore appli cati onPEPESI0H/605907
integrated circuits (ASICs), digytal signal processors
(DSPs), digital signal processing devices (DSPDs),
progranmmabl e | ogi ¢ devi cego Ry . field programabl e
gate arrays(FPGAs), processors, controllers,
m cro-controllers, mcroprocessors, other electronic

uni t deS|gne erformthe functions descri

her etn, g‘?ﬂ% E&F?‘bvr?“Pﬁeﬁ%é%fl? fl‘ﬁ’é%fssFS?mﬁlmcaﬁon system,
c(ﬁﬁﬁﬁs\(@re | rrpl enentation, the iterative receiver

proceSS|ng techni ques may be inplenmented with nodul es

( e. gobtaipingRriiedrmationsfor shannehgain end origrferheac; per f or m
t he %or I (# %gﬂaqgsﬁl%&%%og efo? &)deTgﬁ% cgrrg Hﬁltngs ZI«?CHlV%d data

syﬁilﬁls &)se(arfbd B meived dbl}a @nﬂfolwiﬁﬁlsmé ph@r glforr@dﬁﬁ)hrf@f ¢tiRihnel gain
350). . The nenory unit may be inplenented within the
ah 18feEEhFeor external to the processor. [1089] The

revy : I 3 '
P oI ngoe 1bRfeh 8 Inlabiieh () S6RP RUaGER LIRS Kt the code
bitsadogrespondsieg tolthe prceived ﬂaﬁarsymbblsp n. Vario us
rmd|$|cat|onstoth nts wl.l

d| I

o pat<ufis § HontsgiarLiRRmEOR for Fieh i 8% e gERt: fop cach of

thR' feB&iv el Qfatd %&hmsri BSdcl Bn MBY REABRR! inFniioR! ﬁﬁrthe code bits
enbodi nents without departing fromthe spirit or scope

cagfespandingrbpcthe r@ﬁlvettldaf@ symbel;pndsent i nvention is not

|nte t0 hts. sh

put Tk RE ¢ rghek % ihforipd L PR a3 O el or the
rebéi®ed datd @yﬁib&s antl theopedr inGRtdakies fof SEalrﬁiéEgalﬁ Qihﬂ'lﬂterference to

[ 1090]. WHAT IS CLAIMED | S: CLAIM5S 1. A net hod of
Obt@ed@éaﬁeﬁ gnépamatiom for dhanaelezain epdmintaifersnceofpr speh efithe received
ng: obtaining prior information for channel

dﬁ%%%‘ﬁ% interference; deriving forward information

for code bits corresponding to received data synmbols

base ive ynbols .and the prior

i nf natf%ﬂeF@F %@P%g 5 ROMPHIBEY er ence;

decodhabinlse [dREMA AT Pl rhiAloh o0 B %hﬁ Jn%eﬂﬁ iﬁ)hal iteration

i nformati on for thé code bits corresponding to
baset e thedipdiated isfprmaticn forl ehinnehgain apd sttenféremde.

information for channel gain and interference for each

of the received data synbols based on the feedback

i nf o3.mat i PRe inethollE chiddle, Birtifer éOhpASASNdI Ng to the

recei ved data synbol ; and
repeating the deriving forward information, decoding the forward information,

deriving a posteriori information, and combining the a posteriori information and the
prior information for a plurality of iterations, and wherein the forward information is
derived based on the prior information for channel gain and interference for first
iteration and based on the updated information for channel gain and interference for

each subsequent iteration.

4, The method of claim 1, wherein the forward and feedback information
for the code bits corresponding to each received data symbol is represented by log-
likelihood ratios (LLRs) for the code bits.



conmbi ning the a posteriori information for channel
gain and interference for the received data synbol s
wa@pahsioke4pri or i nformation for channel gai n anBCT/US2005/005907
interference to obtain updatedgnformation for channel
gain and interference for each of the received data
Syml s. Phe AthodBSNQEInPT, Fhélel the SridrlilRhmGAOR fSinafnel gain
repeating the deriving forward I nformation for at
andgntstiersnee, dHel ntposiaribrii informetion fdyabenhed gainrmaduptdeeredee for each
i.nfo ti.on, f.or annel, gain _and interference. 3. The
reb Y AR PR ol e PR M ote R lionl B PR RET nd inpFence for
eadBIrbosived da24 Wambol aYedaiR réBsenttRICH b j@int PpeodaB11WR [dktribution on
information, deriving a posteriori information, and
chappsd igamragdiinerferepest eri ori i nformati on and the prior
information for a plurality of iterations, and wherein
the forward information is derived based on the prior
i nf o6.mat i Die hesthaewhahokimohi whasth éaﬂlejbirgr}ﬁﬁ‘?ﬂ)iﬁ@r distribution is
first iteration and based_on the updated information
aBfizedde AmEsdeierHned Rombar of Valpehioaeduie complexdiybs equent
iteration. 4. The nethod of claim1, wherein the

forward and feedback information for the code bits
cor r'’gsporithemethoded chhimel; evheegin dizd predstetnnined sumber of values are

S AL T AR T ——

information for channel gain and interference, the a
posteriori_ information for channel gain and

i nt §-f er eheentethodeefcdlaipe tevhedingde predetpypiinedanimberof values is
t i nf ' C . gaj ' e .

re e B el A o3 B R R ol o e
foawndiinforraateig tietiving &lpsdrérid informatfone bad BembBidthe iposteriori
.interference. 6. The nmethod of claim 1, wherein each
infosmgtionanshdsinrior ynfarnaationhut i on is quantized to a

predet ermi ned nunber of values to reduce conplexity.

7. The nmethod of claim1l, wherein the predeterm ned

nunber of Theinethed af elagellgwhetihtheapdand pdbmhaion fohchannel gain

Xi mym propability i.n the joint propabil.it .. .

ar S IBREP oR? 35S Tk e Sl & QPEmeshieY epribiiag the prior
inRIrREBLE T RAShIRVIRAT afd iN@HERACE Snd afY gzre%g;rtgfioﬁ @ fbrmation for

subsequent iteration of the deriving f

chaniied igamtandrintedfersndé fay ofties ohes efethel récpived dataisymbols.
deriving a posteriori information, and conbining the a
posteriori information and the prior information.

10.  The method of claim 1, wherein the prior information for channel gain

and interference is obtained based on received pilot symbols.

11.  The method of claim 1, wherein the channel gain is composed of channel
magnitude and channel phase, wherein the channel magnitude is determined non-
iteratively, and wherein prior information, a posteriori information, and updated

information are obtained for channel phase and interference.

12. A receiver in a wireless communication system, comprising:
a detector operative to obtain prior information for channel gain and interference
and derive forward information for code bits corresponding to received data symbols;

and



9. The nmethod of claim11, wherein the updated

information for channel gain and interference for each
WO ewsios@ado dat a synbol is obtained by conbi ni ngPeH®ES2005/005907

prior information for channel g@g n and interference

and the a posteriori information for channel gain and

i ntesf, : ; | t :

cymbol & oD PR s e e loriitl IERELAHEE fifayids feedback
inforfrating fardine dode bith aorrespogding ta ik ientived date nymbols, and

o TR SRS B el tomion
clERABI0Hafardf infehRIAEE nlR@Thé BtabakOin€hia1aieh, 4HA3%Kerein the detector

wherei n the channel magnitude i s determ ned ) i
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i nf otdrat | bef Feselveh i slaigaild Avhereint er doteqiel inf@ @ posteriori
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pgga?ggéﬁgggﬁgg?gpsynbols; anda decoder operative to
decode the forward information and provi de feedback
info tign for. the code hits corresponding to the i
recetbed Tk oSy SIS Ad: WRERBI fherdrieciu BEhG es dhe received
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channel gain and interference using the feedback
giinfand inferfegenceand wherein the detector and the decoder
are operative to exchange forward and feedback
information for a plurality of iterations. 13. The

receiser Tihe Rbéllvéh dfslaith @D Swhertiethe €6:19&k@and fee@Pack information
_posterior [])r obability (APP) detector. 14. The

I . . - - -
isriepespenied BY leg-lkelihood rafes EilRWer dbe cedopits gprrpwpnding to the
> | ved data synbols and received pil ot
K%%%%%ﬁggg%ﬁ%géive t he updated informati on for channe
gain and interference. 15. The receiver of claim 12,
wherein the forward and feedback information is,
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16. A receliver in a wreless Communi cati on system
inteyfigenicsi ng: an estimator operative to obtain prior

i nfor ion for. channel gain an . . .
% Ha%ctor operative to derive rwarda mgormatlon for code bits corresponding to

received data symbols based on the received data symbols and the prior information for
channel gain and interference; and

a decoder operative to decode the forward information to obtain feedback
information for the code bits corresponding to the received data symbols, and

wherein the estimator is further operative to derive a posteriori information for
channel gain and interference for each of the received data symbols based on the
feedback information for the code bits corresponding to the received data symbol and to
combine the a posteriori information for channel gain and interference for the received
data symbols and the prior information for channel gain and interference to obtain
updated information for channel gain and interference for each of the received data

symbols.



interference; a detector operative to derive forward
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each of the received data symbols based on the feedback information for the code bits

corresponding to the received data symbol; and

means for combining the a posteriori information for channel gain and
interference for the received data symbols and the prior information for channel gain
and interference to obtain updated information for channel gain and interference for

each of the received data symbols.

21.  The apparatus of claim 20, further comprising:

means for repeating the deriving forward information, decoding the forward
information, deriving a posteriori information, and combining the a posteriori
information and the prior information for a plurality of iterations, and wherein the

forward information is derived based on the prior information for channel gain and



the code bits corresponding to the received data
synbol s; nmeans for deriving aposteriori information
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baseidf o nind reepivad datchgymbdloand tihe it i inforfmetiom fpd cliamingk gain and
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gai ARt Ak BrivafEReGnialbn td Si5tair FREBHKARfRARELHORERFhOBode bits
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corratpenfingémthe recrivadatate syuibobsguent iteration. 22. A
procgssor readabl.e. media for, storing instructian
bpe BT ee eBS eanan R By of FoEh e A gpletiEhnRE For sgeh of he
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interferepnce for the ei ved data.synbols and.t he . .
o G5 § i RSO GO HEI oIS WassF Pelbi foamyegions is
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information for a plurality of iterations, and wherein the forward information is derived
based on the prior information for channel gain and interference for first iteration and
based on the updated information for channel gain and interference for each subsequent

iteration.

24. A method of recovering data in a wireless communication system,
comprising:

obtaining prior information for channel gain and interference based on received
pilot symbols;

computing forward log-likelihood ratios (LLRs) for code bits corresponding to
received data symbols based on the received data symbols and the prior information for

channel gain and interference;



further operable to: repeat derive forward
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of iterations, and wherein the forward information is
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of the received data synbols based on the feedback

LLRs for the code bits of the received data synbol;

and nbi i n h osteriori information for channel
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com
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|t e or hiee PSSt A Lo BREN (b 2P Bain is composed of

channel magnitude and channel phase, wherein the channel magnitude is determined

non-iteratively, and wherein prior information, a posteriori information, and updated

information are obtained for channel phase and interference.

27.  The method of claim 26, wherein the obtaining prior information for
channel phase and interference includes

computing a joint probability distribution on channel phase and interference for
each of at least one received pilot symbol, and

combining at least one joint probability distribution on channel phase and
interference for the at least one received pilot symbol to obtain a composite joint
probability distribution on channel phase and interference, wherein the prior
information for channel phase and interference comprises the composite joint

probability distribution on channel phase and interference.



26. The nethod of claim 24, wherein the channel gain

i s conposed of channel magnitude and channel phase,
wob@sesd4t he channel magnitude is determ ned PCT/US2005/005907

non-iteratively, and wherein pgior information, a

posteriori information, and updated information are

obt apgied TRY mehal rb?'cfé'i}ﬁ% el MRS RRAMES- forard TR s for each

met hod of claim 26, wherein the obtaining prior
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intgrfeggnce fariberecgived Ada symbelaad one recei ved pil ot

synb t [ [

& st Birish 8" Bk (IRPRE Chfe bit o BBYED dhdk symbol based on
thetpestebiiity Gistribution onh mf or mati on for channel phase and

interference conprises the conposite joint probability

di stribution on channel phase and interference.28. The
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val ue x based on the received data synbol and a joint

probability distribution on channel phase and

i nt esd.er engembMod ofelaif O VerelAlR dtodiak is ?&‘f‘ormed with one or
deriving the forward LLRs for code bits o f

moeitargieans 9h e 4 ushmdrspdds a5 @ dow densify parisy akoki (L!;DPC) decoder.
di stribution on x. 29. The nethod of claim 24, wherein
the decoding is perfornmed with a maxi num aposteriori
( MAP}1.decadsiettod 6f $edoveriny [duta M t#iteldsSQDImmaa@adn system,
30. . The nethod of claim24, wherein the decoding is
CPErTehdred with one or nore iterations of a Turbo
decogaer: 0 . ' eck (LDPC) decoder.
31. %ﬁ#@t %&%Olrmrg%%@gﬁ?‘r é éﬁ{] a wWreless
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based on the received data synbols, the prior
thentorfenan¢emgstifate; channel gain, and

decoding the forward information to obtain feedback information for the code

bits corresponding to the received data symbols;

deriving a posteribrz‘ information for channel gain for each of the received data
symbols based on the interference estimate and the feedback information for the code
bits corresponding to the received data symbol; and

combining the a posteriori information for channel gain for the received data
symbols and the prior information for channel gain to obtain updated information for

channel gain for each of the received data symbols.

32.  The method of claim 31, further comprising:
repeating the deriving forward information, decoding the forward information,
deriving a posteriori information, and combining the a posteriori information and the

prior information for a plurality of iterations, and wherein the forward information is



the interference estimte; decoding the forward
information to obtain feedback information for the

W@ oes/0ki4ie corresponding to the recei ved dat a BEIDSt085/005907
deriving a posteriori informatgmn for channel gain for
each of the received data synbols based on the
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the code bits corresponding to the received |
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channel gain for the received data synbols and the
prior information for channel gain to obtain updated
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data synbols. 32. The met hod of claim 31, further
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ol 1 0ng j forward information,
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uxlabsle qufermatiane fait ichanneB FainlHer reatin ackceived | datan §igbol are each
wherein the forward and.feedhack .information for the
refsaeniey by ot Db e SRR aBs v ed data symbol
is represented by l|oglikelihood ratios (LLRs) for the
codebits. 34. The nethod of claim31, wherein the i
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for each received data synbol are each represented by
a probability distribution on channel ﬁain. 35. . The
C
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the a posteriori information, and the updated
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obt agdifstidhg a joint probability distribution on channel phase and interference

based on at least one received pilot symbol,

deriving a probability distribution on channel phase and a probability
distribution on interference based on the joint probability distribution on channel phase
and interference, wherein the prior information for channel phase comprises the
probability distribution on channel phase, and

obtaining the interference estimate based on the distribution on interference.

38. A receiver in a wireless communication system, comprising:
an estimator operative to derive prior information for channel gain and an

interference estimate;



conmputing a joint probability distribution on. channe
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estimate and the feedback information for the code

bits corresponding to the received data synbol and to
conbihe tHee mepven efr ¢laim 38nwheremnt thenestioraterh detisetor,caridndecoder

for the receiv dat.a nbol s and.the nrior . . .
ot gty KOS opra e AR B8 B8 B0l dafprmation, derive o
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means for deriving forward information for code bits corresponding to received

data symbols based on the received data symbols, the prior information for channel
gain, and the interference estimate;

means for decoding the forward information to obtain feedback information for
the code bits corresponding to the received data symbols;

means for deriving a posteriori information for channel gain for each of the
received data symbols based on the interference estimate and the feedback information
for the code bits corresponding to the received data symbol; and

means for combining the a posteriori information for channel gain for the
received data symbols and the prior information for channel gain to obtain updated

information for channel gain for each of the received data symbols.



means for obtaining an interference estimte; neans

for deriving forward information for code bits
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recei ved data synbols, the prigg information for

channel gain, and the interference estimte; neans for

decoding the forward information to obtain feedback

information for the code bits correspondi ngto the
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data synbols.41. The apparatus of claim40, further

1t§f@H®1P| sing: neans for repeating the deriving forward
i nformati on, decoding the forward information,
deriving a posteriori information, and conbining the a
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44,  The method of claim 42, further comprising:
performing iterative detection and decoding for the received data symbols using

the set of hypothesis for the channel phase.

45. A method of recovering data in a wireless communication system,
comprising:

obtaining a channel phase estimate based on received symbols;

obtaining prior information for channel gain based on received pilot symbols
and the channel phase estimate;

deriving forward information for code bits corresponding to received data

symbols based on the received data symbols and the prior information for channel gain;
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bigshroaiespandingtia dhe Tensivechdats pmtiosrandhe code bits
correspondi to_the. I v' .
post%ﬁg r”l"gqﬁ? grf?ﬁf{e”on n\ﬁgﬂgﬁﬁé Chéaé]?;%f) %’IP @? dﬁ k{&gw@d data
synhtd1d a@@&mqﬁldiahﬁ)rﬁmmpfcﬁ chael gain ﬁi‘lebtﬁiﬁaip’&tedplh&ﬁﬁlatlon for
estl mat e _and t he feedback information for the code

¢ geby fop sprbidithyeedvediats vERhdled data synbol ; and
corrbi ning the a posteriori information for channel
gain for the received data synbols and the prior
I nf oddrat | The froethod asth elairg aith) wherbi athe dipoatkeghase estimate is

i nfor on f anpe ain f r each of e receiyed
roRRRY s g et oL SO tais Br Heonel nimas ishee M gty dhitbone.
channel phase estinmate is represented by a set of M

hypot hesi s for channel phase, where Mis greater than
one. 447. Th@mmmﬂMCbﬁnéﬁaﬁurﬁlﬂEonmslmr conpri si ng:

repeat i erivi rd inf .
o FaFdiedts ARBTink Pored alBrrg SeERlpE e, K5 Momation
dérNiRg BBdsRPioritiftbraRie, Hind Gotdbthif RSk Qfolsl@hbrz information and the
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Poer infapatipn rfgr 2 pluralileficroRs Ao WRPEL HedioRueTgRtqrpation is
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iteration 48. The nethod of claim45, wherein the

recei ved data synbols are derived froman Mary phase

shi g keyirRg it uRreife BRI R el gtaymbdis 48 derived

The ?’r%t hog %P{c al%@%ﬂﬁﬁé{n t he p?ll or |rﬁ1 grﬁimaslon erive

fivheanaMparg phasechift keyfing @SK) ormdubatidn stleenog cdteegiM > 2.

i nformati on each conprise M conponents of Mdifferent

49.  The method of claim 48, wherein the prior information, the a posteriori
information, and the updated information each comprise M components of M different

channel phase values.

50.  The method of claim 45, wherein the obtaining a channel phase estimate
includes

determining phase of each of the received data symbols,

rotating the phase of each of the received data symbols, if necessary, to be
within a range of values, and

computing the channel phase estimate based on rotated phases for the received

data symbols.



channel phase values. 50. The nethod of clai m 45,
wherein the obtaining a channel phase estimate
w0 pb08Eag0 det er mi ni ng phase of each of the receCwE82005/005907
data synbols, rotating the pha& of each of the
recei ved data synbols, if necessary, to be within a
rangg of MeliH&Red 8NElamPIPUNhddintheobtRn}es cRARSEphase estimate
esti mate based on rot at ed phases for the received data
inglpd¢sol s. 51. The nethod of claim 45, wherein the
obt %‘o | in c}? 8@ g{]ele&'&a@f S%}%a S, 1f ngceysd £oo{h%{ gﬂgse of the

eacHCE 8 5 necessary

rotdied repingiad 8 syniitd] ik alifd rﬁﬁgé&jf\v@ﬂled,at a synbol i s
wi thin a range of val ues, conputing an average

r eceqosﬂwnaataa ayER recied dagrymbel patedtathegptatesbigoeived data

Y%?D gool's, and conputing the channel phase estimate
ed on the average recei ved data synbol. 52. A

r ecatongputing the wihamhed Sghaso etimate abbdsed @y sieemyverage received data

C n‘gri sing: an estimator operative to obtain a channel
syaﬁ)g e estimate based on received data synbols and to

obtain prior information for channel gain based on

recei ved pilot synmbols and the channel phase estinmate;

a deikct oA regpeiventn awirtlesscominpeni¢asionsysieinnéomprsingin f or

R R R N e e R

synfol BANRE | b Mprio? e foRmelesi0 da cmeagamebmdd@ﬁ @éRived pilot
the forward information to obtain feedback i nformati on

symehols 4 thoehanpeliphasenstiegisondi ng to the received data

Synbe? {iecte &nogx iég@f%% % ﬁeﬁ\n:q"o :}r& %%at#o% ffowf:é&laeﬁiFS corresponding to
operati t rve a er orr Intormation for

reGéingthédta gahbolbbased oanhd heeloéthdlz[te lsymabels @ne sheé prdreinforthation for
the feedback information for the code bits

chagpelgdPoa’i ng to the received data synmbols and to

CONMbi MReddde Mefifish Gb! @lcbdd e I TnfolhnaG6RNBYifidl feedback
and the prior i1nformation for c anne galn to obtain

infigretation forficcade bite nofrespondiag tocthe gavieived data symbols, and

wherein the estimator is further operative to derive a posteriori information for

wn

channel gain based on the channel phase estimate and the feedback information for the
code bits corresponding to the received data symbols and to combine the a posteriori
information for channel gain and the prior information for channel gain to obtain

updated information for channel gain.

53.  An apparatus in a wireless communication system, comprising:

means for obtaining a channel phase estimate based on received data symbols;

means for obtaining prior information for channel gain based on received pilot
symbols and the channel phase estimate;

means for deriving forward information for code bits corresponding to received
data symbols based on the received data symbols and the prior information for channel
gain;

means for decoding the forward information to obtain feedback information for

the code bits corresponding to the received data symbols;



53. An apparatus in a wreless communication system
conprising: nmeans for obtaining a channel phase
w@3sdoswedsa0 based on received data synbol s; meanBCT/082005/005907
obtaining prior information fomn7channel gain based on
received pil ot synbols and the channel phase estimate;
nmean 0
Cor S S Hinting o ROVEIS LRI A (RhnGO%Rn hiRd on the
chanpeli phade dsiinzats ymbthie Seaibdclt indorpration forrthe codetbitsncdroasponding to

channel ans. for decoding the forward
ﬂFﬁ?ﬁ?Yﬂﬁég%Fxpgpgb 29 h feedback i nformation for the
codenRhhiSiof ebmBRRRY WL %%Jsférfopﬁnfo?ﬁ%&r?ﬁ)r @ﬁ&:ﬁeﬁ ¥ the prior

means for deriving a Eosterlorl i nformation for
inforanation ferghanie] gein to pbtaireustatedrieformpationefor channelk gaimnd
the feedback information for the code bits
corresponding to the received data synbols; and means
for conbining the a posteriori information for channe
gain and the prior information for channel gain to
obtai n updated information for channel gain.



