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APPARATUS FCOR TI ME EFFI Cl ENT RETRANSM SSI O\I CCUMULATI
BACKGROUND OF THE INVENTION 5 I. Field of the I'nve 1(ﬁl&on e present

i nvention r eV@O¥263TH data conmuni cation. Mre particul arly, tRETHSB8KAATS

I nvention relates to a novel and inprowved nethod 10 and apparatus for the
efficient retransm ssion of data using synbol accunulation. I1. Description

of the Rel ated METHODAND APRA@EACI‘ USSF@R MUIMB EFFICIENT( CDVA)
rodul ati on { RETIRANSMISSICON BRIN O ARCCUMER ATRIN'

conmmuni cations I n wh a Iarge nu er o system users are present. O her
mul tiple access conmuni cati on system techni ques, such as tine division

mul ti pl e access (TDVMABAGKGROQEND OF THEINVENTEONCcess (FDVA) are
known ¢n the 20 art. However, the spread spectrum nodul ation techni ques of
CDMA has significant advantages over other nodul ation techni ques for

mul tiple dckield of thenllnyentionn systens. The use of CDMA techniques in a

mul ti pl e access communi cation systemis disclosed in U S. Patent No.

4,901, 307, ent iTheedpteSPREADSREOIRUMelAIET | RQE JAGCESSMOOVMJSEIOAT I OMosYSTEM

25 US| NG ?gy%&hg E ﬁ%??%%ﬁ??ﬁbé‘m&?@ﬂ? r%lgér}g&e’ {q@rwsda@%mﬁgg g]‘:

t he prese I nventi on I ncor por at e

CDVA E@échanduapparatis o i thiee efficient e@ﬁmmqrbn%yéef@mu@g usyadol

di scl osed jchuMdudatibat ent No. 5, 103, 459, entitled "SYSTEM AND METHOD FCR
GENERATI NG SI GNAL WAVEFORMS | N A CDVA 30 CELLULAR TELEPHONE SYSTEM " al so
assigned to the assignee of the present invention and is incorporated by

r ef er ence thdPescription efidverRelated Ast CDVA syst em can be designed to conform
to the "TIAEIA1S-95A Mbile Station-Base Station Conpatibility Standard
for Ddal - Mode Ehgebeed cfpredel $pasionummadtiple aacsst @M Aermpdadaten

referred toag &els”’én{e %@%%é&ﬁm?%gﬁ]u% fRAlitdtihg RBRIARhiAOHsE i R

being a w d@ﬁ si gha ers equency di ver si y spreadi ng
the signal¥ Er@ JarBPeRUEBET gof BYESIERR M68LS TR PESSSAE, .Féwi p |aée%5ﬁve
fadlh ng af fceatmuaidaticn sy8 gdng pcéEF\m QuebheuEiMd ’lﬁh&naﬂwi%@dldvmdﬂlﬁ lhesra@@ﬁsor ]
pat i ver ai_ ne rov mul t i nal, pat hs. t hf oug

si mul tanec@?th?ffs‘:)l d[béegu%qy 1510% mx&%pgg/ ast i) W%gﬂ?\ﬁ% 1t The

PCT/ U208/ MﬂSHmeverortheespreed spatiram tinoduddtiomotechnigues d!fa€@Mt®ahaens
Fur ther MoreSeniBRhil SAYALAELY oUBY OBl IE R el At K0t IfpTe! bRt

envi r onnent roug Spre spec rum processi ng oW ng slI na s arrivi ng
with di ffépmmupt@@@@aiys@mam use OtSeCDé/é/éute&maﬁes pRGE BuHEple ageasat el y.

5 Exanpl egophmiuiiéts ?ﬁqmﬁwsaais@mseal ) DL PALMENG. t 4,901 807, engfleat ed in
ot e e e AR Ay P SO
Pat ent25No. USING9 S2AIEIITE: (@R THRRIES RIA REGERNERTERSA Cﬂ#lgml_tULARe
TELEPHONE aggxg:l@/lof the present invention and is incorporated by reference herein.
The use of CDMA techniques in a multiple access communication system is
further disclosed in U.S. Patent No. 5,103,459, entitled "SYSTEM AND
METHOD FOR GENERATING SIGNAL WAVEFORMS IN A CDMA
30 CELLULAR TELEPHONE SYSTEM," also assigned to the assignee of the
present invention and is incorporated by reference herein. Furthermore,
the CDMA system can be designed to conform to the “TIA/EIA/IS-95A
Mobile Station-Base Station Compatibility Standard for Dual-Mode
Wideband Spread Spectrum Cellular System”, hereinafter referred to as the
35 IS-95A standard.
CDMA, by its inherent nature of being a wideband signal, offers a
form of frequency diversity by spreading the signal energy over a wide
bandwidth. Therefore, frequency selective fading affects only a small part of
the CDMA signal bandwidth. Space or path diversity is obtained by
40 providing multiple signal paths through simultaneous links to a mobile

R
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10 both assigned to the assignee of the present invention and incorporated
by reference herein. The reverse link refers to a transm ssion fromgg MA 7001
rem)te station to a base station. On the reverse link, each transmtting
renote stati WO ¥WA6871as a n interference to other renote stati CEI/USPSI2HESS
network. Therefore, the reverse 15 linkocapacity is limted by the total
interference which a renote station experiences fromother renote stations.
The CDMVA syseteon remnoeasesidhehravgt sevd bnknospbasd starjoris: anButthermgreewer

bi t th d f [
ot " spenr Btk dePdlry sy R0 BEOEIBML VG LELHIEEN MIRARARERET (o
to a 20 réhpmglstame@d SPecttine fruogessing i bk, alloveingr sigmals sRovisgnewidt t he
base Stat'dlﬁekéntc%ﬁ‘aghﬁgnf%laiﬁv% ahe I RRBANRSL a%u!m %?oéés@él&ms A:fa?elpower
fromthe base statio

an cause-“excessive Interferente wth gés base
stati ofs. hAamaplesafvBIBroved damodulation sa5ing Rashetiversiphare Hiusteatadiigh i s

too |ow, (S, remée SNali GNIHD1r GRitkd erVETIOD dANDI r SYSTEMI OROR

dont oy ol ROUTPIGAch SR BANROHE T BB BSIChTIORR Ab SKLeFfA s o

resul t, tHEELBERAR JHLEPIHRONHBYSTEM Adand tUISt Paterandu. S5, 100390 watitiyd

signal to. j rymance
at the rerr?)?ﬁ}tlg at'i OW%F&SAT%:W ar%éoﬂr e\gg‘?sg%ﬁ H?E-Yair\]e}gofg.g%ﬁ’};f@ " of

dat a tlfandmtbsissigred Botheanssigies dbthe paesest iAvertinod andrincoaperatedibyy dat a
in data pg;%kéfeﬁcé’fhécrbfﬁed size, wherein the data source provides data at a

vari abl e tarate, 1s described in detail in US. Patent No. 5,504,773,
entitled " METHOE QY SuspARNT weferapto pHEARERIAsION NEPIFaemEteOtation to a
TRANSM SS{BENe st@ﬁéﬂm g@dtﬁ@ réﬂgs@%ﬁzkg es&% SfankRgttiHge ﬁ@ﬂbtédmelt@hl ga? a8Gn k t
|ncorporae re ence ereln a, | s ne I N al a aC es
o ot iEeridrenga & HaehrTaeiastations nadhe mateak, rTseratein dba a6 Vs

Typi calsl y linkecapacitged lmdtedt dbyathe edtah 1ptetrfb&émernmhd:hdw abimyte Emlon

exampl e, | 8 Aceordanea Wi %gg 3BAGHEATRE LDMA IR B o Sach

encoded pac et de"a
encoded par@kferseclmis gapacigsay trassmutgg fesgar1bits, ghmbyzmg Fte‘srs/ powsr anths5 3

synbol s.  Adidticth 4r?te9f'érél‘1€ea§ﬁ1el'§( theCQEBLAL Hdt Y Lkﬁ%ttoder i s used to encode

t he data, depe %on t cation. Usin e 1 /2 encoder, the data
rate i s approxi ¢ Pywer Eﬁg‘sre&t‘sttﬂea ragIempEsian; dramy 8 DasgeFtatigReta & dat a

bi ti tzt;)z Chechote sadmdamtn@efokwéﬁ?@hh kbltg@ mﬂsrﬁlss%te pewer mftt%pbase?ﬁta
packe ,a as or e
Code synbor et o el eay 2 iofis ° PR ik JaPReRTesioh POFE Mo 1o
mai nt ai n atheohaseastatiod. its gausey rivcissivat nteSpndrule magetatheonbase gretibosned t o
provi de ti ABeth) t%éigt Y Wy Fﬂaanﬁés%ﬁ;p&bér deGREiIAEe RELHOH T8BN6E 1o, a{he

i mpai red channel mnimze NSM SSI,ON” power and increase 10 system
capacity, femeote HiaPRsrHh IReRBie | Fyeneqys driA §§Frﬂ§8115$19n§cal g'gn,'esﬁna

accor dzgncechidrire] tfhdingesed othaki@hva B&ord BaRagRELERC guilifynof fiee kSO
dat.a packet ock e nom al., and t hen

t andar d, W th |
convout | oAk Iy ERtCaERFerved. Dy he FET QIR RBHoNs A8 dhEFAULbCNe PHR PHERTbur ce
devi ce to attempesto ndjuspitsibamkmission powehof digrtal tatéach menoteestatioa to
e R A, BB Pt
the recei ved pa&ketforaardlink @‘et@@éersedml@@re gapable pf datad tranpmissing aheck
s onlap ablgriaBledeianmiae WhAbhRSA 3o Baraiididie e ies pleResafibied S

ot hor meBRanPERTER: r diecidathy S0UreR ISRV IS, 6813 36 B1VATRDISA R daker &

:1 g\clg: vgﬁdl fleSﬁTi‘déd 1r§uMd‘iR}h @sTl-lfatblg‘{\/Eiﬁl 53502573’ h};&\t_ﬁ)ﬁl@e'fMBm-‘I!@r m IAENIZID 3 naOf

data usi ng@rﬁ%ﬁ&gﬁiﬁﬁﬁﬁ%ﬁ@% %@@Eﬁ?&fﬁvgm ﬁ%ﬁ“ﬁ@@@% ssion -

_cla_ﬁgu(rj Z flrﬁasagmﬂmoeﬂ\tha\msigme af dhetpmbnbnndentloa iand hecorporagdd nignner .
anal 25 5o s e R84 (F Babifioftl ol ABRBAN or IREM) B Al

partl ti one atmpu@&uatm lepcededhiinte amencodg rpat:z@td Typisally othe encoded i me

peri od. ASg\@lEét? Qi‘%b?g ag%a@gacrganeao iort, h@o@ﬁéhﬁﬁb' R éi‘%&i'&éhdéewflﬁ{ B

t he CRC ch erm ne t he packe
recei ved i %r1§(9|5 ﬁﬁndafqiléoé%bﬂpéOWW‘ir}Hﬂ‘dl%@ht eng efihP“‘ﬁ}éﬁ:tkb"tE Sec

recei ved i Rviderfid, 4hehe339PeEpsNBIrhBil efte] @8ch rededdbd Spackuh@oniEinsags4 t o
t he source devi ce.



In the exenplary enbodi nent, the source device responds to the NACiIf TESR9e
by retransmtting the packet received in error concurrently with t g.
transm ssion of the new data packet. The destination device receives the
data transmW%e99263ahd retransm ssi on, denodul ates the signal , PCTUSYEBINZG371
4 0 9 MAC Z002 PCTNS98/ 24155 and separates the received data into the new
packet and the retransmtted packet. The destination device then

accunul at egmbods.ederapg 102 drha raecdi4 ednvelutiorsati teneu:tiqraxskesed/\/tdi lentcbdeener gy
al ready a te d I e h r in
rror. T B EheBihg e hBBlEoRC i, £'ralel SR BRKEen TEENEE

dat a packeate wmpmoxmteéy |996Kbps t g ﬁmﬁt?i@pal dataanatgs thersiaged7Bydathae

subsequen e Pp@q&\{@@: i Iy, odi ng.
Al ter ngt e}b;/tl,é %%%igsr??\ﬁg? ?8 devi ce I%dg};bﬂé ahae Addtgwragzbrlg {s(hdta?agg %géciket by
Wi

i tsel fowi t hout “HolRiveh Kigta Hatepusuphciets: B Bcﬁ Réas¥s1-2KRBSt Hieo §ABuUL
rate can lsgmbobs (wﬂkhmltheeend:miqnhcpacket esenepedteﬂo N nexmiper iof timtesaneni t t ed

| V. h K bj
Sﬁ”f‘ﬁérﬁi‘%g%lnlf“;jwéwiaﬂ?i% Miiﬁﬁvﬁosﬁa% ﬁ%”acﬁiﬁéﬁfﬁ ;%;giﬁfmﬁ' BtPoat i on
system i n prbeider éinenodivefsiigh impaoveerthe. décodihg amge @nbani nent,
2 data pagkehilld thabfel o0 ThY Bl AL " He | Sarsn[ Sl I S tptAG0UT o8

devi ce conc%Ldrentl t he new I'me period
Al t er At elsystenh @ap@mw«atthe dzansmission epwer develbef pach symvbiol tiscscaledain

addi ti onalactérfabice wifitnhelre mbhlratelmglependent of the traffic channel used
to transmt th? new packet. E@ i%asretra smtteg_op cket does not del ay
or inpede the tRaERr %Ii“'(f’n“ﬁ¥ tt atlegdard,ga e RRAKStis rialoeki s

nai tnth ai ne%ndudédﬂgrvithea rcm(r:a}:nflprhamxaltw a@ﬂ‘cl E}h@x Q@ﬁh@lutﬁ@@lweadxcba?&r rDhtehl tis
another oO sen on,.LOo nmaxi m agGl . e
commint catratehoRArket By At oy the Sopitdfevics & YR Restaftion i « n
t he nilhi mdavaamumt thé chasangyloaudevmb,athet necedeerlirpackei sndedodtilathe amdr gy of
the tr ans%ﬁ%bﬂg iGd1 e;f: %&8@@&1&% v Rgb E@cdcﬂert h?h&qecggéd Qf[’aﬁaofé PeRf the

packet. The packe elved 1 n errqr can be retransmtt

ener gy- perchsried I’Péinat% nel@ck8E Ket detaraHnesift thengesaivyed panket hast bﬁgﬂ time.
At the desidcoadd QBlnfé?MdC& it mfrr&nerme @Rga@&c?]d@@hll y lablld1@o P@keminecei ved
inerror is unul at ed wi of .each s

ot r oo (YRERER AL Bk mitthih. 1he, dREueY anel S PR, Tk G Peck g e
anot h@d ohjotcdbleto icberept &s&aarrdrnVHMneﬁmret mndmexomed}fM1mris)r&rpmmi @b the
decodi ng_ ol EoRBEASA i L HakEHlalilueE T QL BY sREHQr M N9 the maXimal ratio

conbi ning 0 e transmt e ransm packets. , For a
comuni cati on system whi ch supports coherent denodul ation with 35 the use

of a pilot signal, the i gt i ¢ t product of the

recei \I?ed synbgl s wth tmﬁg%gﬁﬁﬁgﬁgﬁm vvel?i ghs each synbol

in accordance with the signal strength of the received signal and results i

n the2gaxi mal regd f’e@é@! rlh%ntl%t hisn 2 ﬁd@]srﬂnﬁshﬁ{pr@ﬁreé rAbfyds thggi on,

t he scal ar_ val ues f C t. product circuit V\/n as been as rfed to

L S50 GRRRTERN fafo. BinoPUMIFD! CROPRERNTEOBL S 1 QetnD HRTE s D

val ues. Thecanardlatien. shalthe pfmbems 11ivem1asml idapd &ahlsanssmasommlﬁfbm ?]

retransm s [ o L0 ned. .JThe er ent
s%lu%'es 3velc c? g 8e oeq;t[i))h l.gl thg' ngg}m%ec()%% £n St e’gﬁ

conbi nati on |npro e subsequen For a
comuni catd@hﬂ‘@}?@nedeme crleceiores thet dataatrensmissign,| demoidgates thhesignabol s

from gl t 'aH{c?df:écﬁi}%rﬂ\é Sald! Bthe E#érﬁﬁ?&?f&hﬁea dﬁéﬁ‘t S §4la 38 parGHiBHel 0 the

recei ved SI? to-nolse rat10s O ecel ve sSm SSi1 on-or

tra
ot r anmi JST Rt BREKRIs AEHEM AR PRSIt SRR TR Rmel petinky s
part of the decoding process, the destination device performs the CRC check

of the data packet to determine whether the packet was received in error. In

the exemplary embodiment, if the packet was received in error, the

35 destination device transmits a NACK message to the source device.
In the exemplary embodiment, the source device responds to the
NACK message by retransmitting the packet received in error concurrently
with the transmission of the new data packet. The destination device
receives the data transmission and retransmission, demodulates the signal,



The features, objects, and advantages of the present invention wl one
nor-e apparent fromt he detail ed description set forth bel ow when taﬂ&ﬁ1 AY 402
conjunction with the drawings in which like reference characters identify
correspondi W0 9926irbughout and wherein: FIG 1 is an exenpl arBCHUSY2$50f
the communi cation system of the present, invention showing a plurality of
base stations in comunication with a renote station; FIG 2 is a block

gu agr ambf)fmﬁn, epAeAtRd ahiey répeeds idatd mlto?ﬂde e ve ATk étaand[]méotarsmﬁhmed FI G
| a ocC a n e or war ann transm I on

Systom ppecke AERETnAh-CHEVR: Shin REHRIRIACH EndlSNaFIn FASIRED

FI G 5 i sretronsyoittedi pgcrl@mwzﬂhahe energyl alrgadyoacaimulased |byetheodestindicn 6 is
a bl ock daagfcgmf&f tRE Oﬁ&%@é@?'é&éﬁvp&wﬁ%@gr Wrﬁ@' gmtgﬁgoagvéaamgﬁ CF' G

7 is a block gram an exenplary pi correl
di agr am ofttampis denslespde doe ageumuatai ndetacpackest eTlsq acremulatianFeGthe is a

bl ock 9“ aaaam&fal%aeﬁgsﬁ \ﬁ&é‘d btﬁﬁsﬂﬁﬁeffm‘é’char%iﬁﬁ@fdn% ftnmProes 2082 data
transm ssi o rr}; %E%gg% (;hanOr\llzéﬁe Y, 2002 99/ 26371

PCT/ Uso8) PEARAPIBLDEN A £ raafe )PRﬁpEﬁ@EBnEF&B@D RENMESCRD

si npli ci t Yecode theotdteansngitiddgsaeket Bp lebalfwviﬁmohlaeotrrtaﬁ &S& @qumtldéts
retransm gghofsdag? @Fckegp {) c% rce dveev c.e tq:El Ci‘ﬁ{ néitlonddew ce
wi thout  r BEPH £85%%h 1o EIORERPULIAE SanctA PTQVed Bce tf Rackst FEGiVEd, apt o
stati th 6in Eneompisasérnsinitted tconourrendyusithythepphinsmidséor of thatreew data
transm ssgg Pdly base station 4 on the forward |ink and data transm ssion by

renote station 6 on the reverse |ink.
It is an object of the present invention to maintain the throughput

rate of a communication system in the presence of channel impairments. In
the exemplary embodiment, a data packet which is received in error is

15 retransmitted by the source device concurrently with the new data packet
within the same time period Alternately, the packet received in error can be
retransmitted on an additional traffic channel which is independent of the
traffic channel used to transmit the new packet. Since the retransmitted
packet does not delay or impede the transmission of the new packet, the

20 throughput rate is maintained during the retransmission of the packet
received in error.

It is another object of the present invention to maximize the capacity
of the communication channel by retransmitting the packet received in
error with the minimum amount of energy such that the accumulation of

25 the energy of the transmission and retransmission results in the correct
decoding of the packet. The packet received in error can be retransmitted
with less energy-per-bit than the new packet which is transmitted for the
first time. At the destination device, the energy of each symbol in the packet
received in error is accumulated with the energy of each symbol in the

30 retransmitted packet. The accumulated symbols are then decoded:

It is yet another object of the present invention to improve the
performance of the decoding of the packets received in error by performing
the maximal ratio combining of the transmitted and retransmitted packets.
For a communication system which supports coherent demodulation with

35 the use of a pilot signal, the destination device performs a dot product of the
received symbols with the pilot signal. The dot product weighs each symbol
in accordance with the signal strength of the received signal and results in
the maximal ratio combining. Within a transmission or a retransmission,
the scalar values from each dot product circuit which has been assigned to a



10 1. Crcuit Description Referring to the figures, FIG 1 represents an
exenhpl ary comuni cati on system of the present invention which is cdh$dieiii?
of 15 multiple base stations 4 in conmunication with multiple renote
stations 6 (only one renpte station 6 is shown for sinplicity). System
controller 2 connects to all base statigns 4 in the communi cati on system
and the public switched tel ephone network (PSTN) 8. Systemcontroller 2
coordi nates the conmuni cati on between users connected to PSTN 8 and users

on remdte 20 gghat hAASare- coRefeftly 'BRDHMeASIoOBbthMOLBRBIAG Stahd 98lués. IThe' enot e
station 6 occurs on the forward link through signal paths 10 and

t ransmi ssi on cpmbined spalerevaluestfrapm nailtiple tranumission pedhrefrapgroigsionparetalee r ever se
| i nk through sian h The signal t n . traigh th, such
as signal patcﬁh%ﬁrg!y goi}%%%?%ﬁheec 03 fB%‘E‘ﬁ,angﬁéc?Eer%s %°?’§bnl§ tisoﬁlaﬁ}#gﬁ? ef | ect ed
path 14 is chpeHbeshneb&T thBeubsguadt dzoldingnsep. tRaech tommudicitos tsgbtemn 4a is
reflected off reflection source 16 and arrives at renote station, 6 through

a different pdu¢h dopsmot transipit ginilet sigagly thegymbelsgiom| myltiplerangmission bl ock in
FIG 1, refl ' ' ] [ B =Y VIR ol . 4 e whi ch
renote stati %ﬁ& E&{Lg %%é‘?’g? %%gsf’a%&g@?‘%%ﬁth ?\%:@gtreagltgﬁglrfosrﬁ?%?taﬁ?éeg 30 An
exenpl ary bl dlokredéiagt wmsafisshasar retratsimissichs defore acontrmlaioat i on 6 of t he
present invention is shown in FIG 2. Data transm ssion on the forward |ink
originates fromdata source 120 which provides the data, in data packets,
to encoder 122. An exegREY DHSTHRIFATON OF PHEDODRAVWINGLZ is shown in FIG
3. Wthin encoder 122, CRC encoder 312 bl ock encodes the data with a CRC 35
pol ynom al which, in the exenplary enbodi nent, conforns to the |S-95A

st andar d. CRChefeatates, dbj2tsappadiantages GREE present amentios will bensemonf code
tail bits to the data packet. Th ormatted data packet i.s provided to
convol uti Ona|apg€HEI§d(§1}0H§1t emﬂFtBJe‘ﬁo‘IﬁmSPPoﬁ%ﬁ IE% nlﬁeg?j‘gs whea % ®hd

provi des the cgpigAgiRsh datha 1RAGKingO if Wkeh 1RPAFérBhce3 tRaracitibRlentigpeat er

Q 9 MAY 2002 99126371 7 PCT/ USY8/ 24155 316 repeats the encoded synbol s
NS tines to geoespeadiaghychuugheutapdimdiersizit e at t he out put of symbol repeater
316 regardl ess of e dat of t.he da T r t ata is
provi ded to bl ock F|t1§’t érllseaglvg’ex%@lgyvé%%:rﬁlgrée%rh g%%?%%nécggﬁ)ﬁbsg’gg%aﬁg t}%r ovi des
the i nt er| eaypessenltain@ertionrshowimyt DplutdiBopf bask2fatioAs i oerimahrgtiemwith aan

exenpl ary nodul ator 124a is shown if FIG 3. Wthin nodul ator 124a, the

i nterl eaved demateistigBr ead by nultiplier 330 with the 1ong PN code which
identifies the re e statj i i Jiot .apthe | ong
PN spread data i srisg?bvzlséé’gcfJ ;ngcgupﬁlg%(e\&rf %@Sex%ﬂ?%ﬁy iooatsléeragggtt nerag&olltaél with the
Wl sh code cexereplapnetimuge statisgthe traffic 10 channel assigned to renote
station 6. The Wal over ata is further spread with t short. PNl and
PN codes by mul tEt o & 3bleciS et st mEXaRiy P A e BT

provi ded to tfaashikkioh8ystéhMIR) 126 (see FIG 2) which filters, nodul ates,

and anplifies the signal. The nodul ated signal is routed through dupl exer
128 and transni t t ddGf ¢ éranegrempliaay bBok dipgrane of an pliarnative modylaterir ough si gnal

path 10. A bl ock di;ag f : t] . i.s. shown in FIG
B n thi e embodi tag> e Bt PCOB! S RIbRlcRlichilheport 10V,
encoders 122 whi clFi@én@otiea theckddiagraas oflemceidngdargbdontoduldier withér kigaved dat a
and the pilot and control data are provided nodul ator 124b. Wthin

nodul at or 20 Y9925 S14UQB; j nt er | eaved data fromthe first encoder 122 is

provi ded to Wl sh dall: ’ i fromthe second
encoder 122 is pr g\;igdg tgoﬁéﬁgﬁﬁgﬂ%{ﬁnggggﬁ%&%ﬁﬁgach Wal sh

modul at or 420, thd&IGaBdsiasblpelodiagean o6 amexeinplane decpder withohtheoemote t he dat a
wi th a Wl sh ?Jde. assigned to that Wal sh nodul ator 420. The covered data is
provi ded to 6&#‘?“2@“‘; enent 424 which scales the data with a scaling factor
to obtain the desipigdogsalyiédkdfiagriftossinbtihplayaréHiRbluvlvaithnegpdes or s 420a
and 420b are provided to summr.%ZG whi ch suns the two signals and provides
t he resul t antdati ttgnemissioncywpmakiplecadepbpanely30. The pil ot and control data
are provided to nultiplexer (MJX) 412 which tinme nultiplexes the two data
30 and provides the output to gain elenent 414. Gain el enent 414 scales the
data to obtain the desired anplitude and provides the scaled data to
conplex multiplier 430. Wthin conplex multiplier 430, the data from gain

el enent 414 is . provided to multipliers 432a and 432d and the data from
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The reverse link structure of the second enbodinent is fully described in
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25 from dot product circuit 630 corresponds to the energy of the received
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channels on the reverse link is described in detail in U.S. Patent Application No. 08/654,443,
entitled "HIGH DATA RATE CDMA WIRELESS COMMUNICATION SYSTEM", filed
May 28, 1996, assigned to the assignee of the present invention and incorporated by reference

herein. A simplified block diagram of the structure is shown in FIG. 9. Data source
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0 9 MA¥h&DOR Msprogil 268 1¢ provided to pilot correlator 626 which perform pilot decovering, symbol
accumulation, and lowpass filtering of the despread data to remove the signals from other orthogonal channels
(e.g. the traffic channels, paging channels, access channels, and power control channel) transmitted by the
source device. If the pilot is covered with Walsh code 0, no Walsh decovering is necessary to obtain the pilot
signal.

A block diagram of an exemplary pilot correlator 626 is shown in FIG. 7. The despread data from

multiplier 620 is provided to multiplier 712 which decovers the despread data with the pilot Walsh sequence.
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35  i+1 but has not received a message for packet i, then the source device

realizes that either packet i or the message for packet i was not received
properly. Therefore, the source device retransmits packet i. The second
embodiment is an extension of the first embodiment which can be used to
speed up the retransmission process.
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remaining generators can be omitted. At the receiver, the code symbols for
the retransmitted packets can be combined with the corresponding code
35 symbols from prior transmissions or can replace those prior transmitted
symbols. The increased energy from symbol accumulation results in

improved decoding performance at the receiver.

In the alternative embodiment wherein the retransmitted packet

comprises new code symbols which may not have been transmitted
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MAY 2002 Similarly, if the accumulated packet 1s decode in error, an additional

20 retransmitted packet comprising codes symbols from generator g3 can be
transmitted and the Viterbi decoder would decode the accumulated packet
comprising codes symbols from generators g0, gl, g2 and g3 using rate 1/4.
The lower code rates provide enhanced error correcting capabilities over the
original rate 1/2.

25 Other code rates can also be generated by using punctured codes and
are within the scope of the present invention. Punctured codes are
thoroughly treated by J. Cain, G. Clark, and ]. Geist in “Punctured
Convolutional Codes of Rate (n-1)/n and Simplified Maximum Likelihood
Decoding,” IEEE Transaction on Information Theory, IT-25, pgs. 97-100, Jan.

30 1979. As an example, the original transmission can comprise the code
symbols from generators g0 and gl for rate 1/2 and the retransmission can
comprise code symbols from generators g2 and g3 which have been
punctured to rate 3/4. The accumulated packet from both transmissions
would comprise code symbols from generators g0, gl, g2 and g3 having a

35 punctured rate 3/10. Puncturing reduces the number of code symbols to be
retransmitted but also reduces the error correcting capability of the
convolutional code.

In communication systems wherein the symbol rate can not be
increased to accommodate the additional retransmitted symbols, the source
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maintain the requisite level of performance. This scheme is especially
15  useful to avoid additional delay when the data rate of the new packet is at .
full rate.
The source device can retransmit the packet received in error in one
of many embodiments. In the first embodiment, the retransmission is
achieved by substituting the repeated symbols for the new packet with the
20 code symbols for the retransmitted packet. For example, if there are 384
symbols in a frame and 288 of the symbols are repeated, then these 288
symbols can be used for the code symbols for the retransmitted packet. At
least 96 symbols are reserved for the code symbols for the new packet. If the
retransmitted packet improves the decoding by the destination device and
25 results in an error free data packet, then the retransmission does not degrade
the throughput rate even in the presence of errors in the channel.
The probability of a packet received in error is dependent on the

quality, as measured by the energy-per-bit-to-noise-plus-interference ratio
(Es/1,), of the received signal and the variation of the signal quality over

30 time. The energy-per-bit Eg is determined by the amount of energy received
over a symbol period. If the repeated symbols are used for the code symbols
for the retransmitted packet, the symbol periods for the new symbols and the
retransmitted symbols are shortened correspondingly. If the transmission
power is maintained at the same level by the source device, the Eg will be

35 lower for each new and retransmitted symbol and can result in a higher
error rate. To maintain the same Eg over a shorter symbol period, the

transmission power level of the symbols is increased. In fact, the
transmission power level can be increased such that the E; is higher than



conbi ned scal ar val ues; said second conbi ned scal ar val ues conpri sing said
retransmtted packets. 0 s Mar zo02 23 4. The method of claim1 V\H&MM‘]ZUUZ
said'first gain factor is defined in accordance with a signal-to-noise
measur enent WS 9%268Hcei ved signal of said transm ssion and saiREFEEEWRH1Efai n
factors are defined in accordance w thgignal -to-noi se neasurenents of
received signals of said at |east one retransm ssions. 5. The nethod of

cl ai m 1 whemeghal $<aicdrrqmnsatﬂ o1 the Bisepnctomer dsessityehat epsults :fromphaci ng

sel ected g éﬁ% % 3%1‘610 geceived packet with syrrbol s of said retransmtted
packets to taPn sard accunul at ed packet. 6. The nethod of claim1 wherein
sai d accumul at The tzargmissieay poseertlruek capdeomereasedr by ahe sgme msapyndf sai d

recei ved RACH@tnetly tahdsaé@i*a%alaéd %%{bdl@tdxaw Biffb ekt RATHEAS. tphgbém&esal d
accu at ed  packet ; wherein said ecog‘; step i.,s perforned
au;com}im;:aS w@ﬁmémfdaia Syptern canaideratiPag e ﬂ%&@é\swsm?ﬁepﬁmqﬁo@vs% i8] aim 1

wher ei n sgiddeded!| @.&&he@ﬂ@ fcﬁ‘ttlh%nﬁdﬁéi@nﬁ)ﬂte@lf s?ﬁibbl@laﬂ}@ gasti®dtios d@wiedr r ent

th at I
Wherein saff depotedef reRaRFER e el SHIPLs ZPEP il APl Befisbved by
repl aci ngwmdmamd sgaebds of emdd sddomavest chighek etranistriissiode pgxmol s of

said data | el d Sty,.0
retransm SSI on oSF g’Ste&bge@}ag%fep :Asﬁaa Ieea‘@gd&% ang}n %aél?d Igeggind dat a
packell wi prefarregddimbpedimente thattsansroissire pn;vabéle\cefl sl adjnrsted/vlssﬁbuhhasau d at

| east onetheEf arsthes sdteahsphitted SyRdbR isale)k«a-atr tl"&maﬂ’mta)'fe{hebﬁew syabold.i ng
sai d data pa et on an additional code cg 1 The net hod “of cI a| m 1
wher ei n eBHRGFMOIe the transapission povein'eYe sfPS Psreélfar@mlé‘iﬁélr symbols

can be set at or slightly above the minimal level such that the energy of the
retransmitted symbols, when combined with the energy already
15 accumulated by the destination device for those symbols, results in the
requisite level of performance.
The minimum transmission power level for the retransmitted

symbols can be computed as follows. First, the communication system
determines the E./I, required for the requisite level of performance. The

20 required E;/I, is approximately equal to an E;/I, set point maintained by the

power control loop. The power control loop adjusts the transmission power
to maintain the quality of the received signal at the E/I, set point. Second,

the destination device can measure the signal-to-noise-plus-interference

ratio of the received signal. From ﬁ, the Eg/I, of the
+

V8§ + N?

25 received packet can be calculated. An exemplary embodiment for measuring
the E;/I; in a spread spectrum communication system is described in detail

in U.S. Patent Application Serial No. 08/722,763, entitted "METHOD AND
APPARATUS FOR MEASURING LINK QUALITY IN A SPREAD
SPECTRUM COMMUNICATION SYSTEM", filed September 27, 1996,

30 assigned to the assignee of the present invention and incorporated by

reference herein. The destination device can then compute the additional
energy-per-bit Eg from the subsequent retransmission (assuming the same I,)

required to increase the measured Eg/I, of the received signal to the required
Es/l, The information (e.g. the additional Eg) can be transmitted to the
35 source device which adjusts the transmission gain of the retransmitted
symbols to obtain the additional Eg required by the destination device. For
each retransmission, the destination device can update the received E;/I, for
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In the second embodiment, the packet received in error is
retransmitted on an additional code channel which is available for
transmission to the destination device. One major advantage of this

embodiment is that the retransmission of the packet received in error is

independent of the transmission of the new packet. Therefore, the number
of repetitions, the power level, and the code rate do not need to be changed
to accommodate the retransmission. Furthermore, the second embodiment
allows the source device to retransmit even if the new packet is a full rate
frame (i.e. when no code symbols are repeated in the frame). An additional
advantage of the second embodiment is the ease of placing the additional
code channel on a quadrature channel from the regular traffic channel to
reduce the peak to average amplitude variation which can degrade the
system performance. The pilot channel, the regular traffic channel, the
power control channel, and the additional code channel can be organized to
balance the I and the Q channels in the QPSK or OQPSK modulation.

The various modes of data retransmission described above can be
used for retransmission of an entire packet or a partial packet. For some
communication systems, it may be possible to monitor the quality of
transmission link over the duration of a packet. In the exemplary
embodiment, the link quality can be monitored by measuring E;/I, in the
manner described in the aforementioned U.S. Patent Application Serial No.
08/722,763. In this case, it may be more economical to retransmit only the
portion of the packet corresponding to the time period when the
transmission link quality is poor (e.g., below a predetermined threshold).
An indication of the time duration wherein the link quality is poor can be
transmitted to the source which then retransmits only that portion of the
packet corresponding to the noted time duration. The retransmission of
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the methods descnbed above. The destination device receives the
25 retransmitted packet, accumulates energy of the retransmitted packet with
the energy already accumulated for the packet received in error, and decodes
the accumulated packet. The additional energy of the retransmitted packet
increases the likelihood that the accumulated packet can be decoded
correctly. The probability of error of the accumulated packet is typically
30 substantially less than the original received packet since a large amount of
energy may have been accumulated from the original transmission and the
retransmissions.
In the exemplary embodiment, the energy accumulation is performed
on a symbol by symbol basis. For each symbol, the combined scalar value
35 (from combiner 640) of the retransmitted symbol is coherently combined
with the scalar value which has been accumulated for this data symbol. The
accumulation can be accomplished with an arithmetic logic unit (ALU), a
microprocessor, a digital signal processor (DSP), or other devices
programmed or designed to perform the functions disclosed herein. Again,
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accumulated scalar value of each symbol is a soft decision value which is

10 typically represented as an m-bit signed integer. The soft decision values are
eventually provided to Viterbi decoder 814 for decoding. The performance
of Viterbi decoder 814 is influenced by the number of bits and the range of
the soft decision values. Specifically, for each code branch, the branch metric
calculations compares the soft decision values for that code branch to an

15  expected value to obtain a branch metric. The branch metric are then used .
to defined the maximal likelihood path which results in the decoded bits.

As energy is accumulated for each symbol from the retransmissions,
the soft decision values have tendency to increase in value. Therefore, it
may be necessary to rescale the soft decision values with a gain factor A,

20  before Viterbi decoding. Because the soft decision values are derived from
an accumulation of energy from multiple transmission and
retransmissions, it is preferable to maintain A,=1.0. As the soft decision
value increases, the confidence in the correctness of that symbol increases.
Rescaling the soft decision value to a smaller value to fit within a range can

25 introduce quantization error and other errors. However, other system
factors (e.g. Ey/l, of the received signal) may dictate that the soft decision
values be rescaled for an improved performance. In the exemplary
embodiment, the scaling can be performed with an arithmetic logic unit
(ALU), a microprocessor, a digital signal processor (DSP), or other devices

30 programmed or designed to perform the function disclosed herein.

Since the branch metric calculation circuit within Viterbi decoder 814
is typically designed with a predetermined number of bits, it is probably
necessary to clip the soft decision values. To maintain accuracy, the
accumulated scalar values can be stored as unclipped values and the clipping

35 can be done prior to the Viterbi decoding step.

In a system architecture wherein the pilot signal is not transmitted
concurrently with the data transmission, the combination of the data
symbols from the transmission and retransmissions is accomplished by
another embodiment. An example of such architecture is the reverse link
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N is approximately equal to ~S*+N’. Thus, the destination devxce
accumulates the scalar values from the transmission and retransmissions
10  according to the equation :

5,
El N,| 2(\/52+N2) ’ W

J

where y, is the accumulated scalar value for the i symbol, 5, is the vector of
15  the desired signal for the i' symbols of the j' transmlssmn, ‘s i is the scalar

value from filter 624 for the i™ symbols of the ] transmission, and
('\)SZ +N2) is the total energy of the received signal for the jth transmission.

J
5, can be approximated with the scalar value |Eu| from filter 624. Also,
v §$?+N? can be measured for each data transmission or retransmission.
20 From equation (1) the scalar value of each symbol in the packet is scaled by
the gain G:(\/S2 + Nz) before accumulation.

J

In the present invention, the total energy \J8*+ N?* of the received
signal can be computed on a frame-by-frame basis or on a symbol-by-symbol
basis. Symbol-by-symbol basis allows the destination device to adjust the

25 gain of each symbol to take into account fast changes in the channel
condition.

In the present invention, the accumulation of the energy from
additional retransmissions allows the destination device to correctly decode
the packets received in error. The retransmission allows the

30 communication system to operate at a higher frame-error-rate (FER) than
nominal because of the ability to correctly decode the packets with a
minimal expenditure of system resource, thereby improving the reliability
of the data transmission and possibly increasing the capacity of the system.
Furthermore, the retransmission at a subsequent time provides time

35 diversity and improves the reliability of the data transmission. However,
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accumulating said received packet with said retransmitted packets to obtain an

accumulated packet; and

decoding said accumulated packet

scaling code symbols of said received packet with a first gain factor;

scaling code symbols of each of said retransmitted packets with second gain factors; and

combining said code symbols of said received packet with said code symbols of said

retransmitted packets to obtain said accumulated packet.

2. The method of claim 1 wherein said first receiving step comprises the steps of:

demodulating at least one signal path of said transmission of said data packet to obtain
first pilot signals and first filtered data symbols;

performing a dot product of said first pilot signals and said first filtered data symbols for
each of said at least one signal path to obtain first scalar values; and

combining said first scalar values of said least one signal path to obtain first combined

scalar values; said first combined scalar values comprising said received packet.

3. The method of claim 1 wherein said second receiving step comprises the steps of:

demodulating at least one signal path of said at least one retransmission of said data
packet to obtain second pilot signals and second filtered data symbols;

performing a dot product of said second pilot signals and said second filtered data
symbols for each of said at least one signal path to obtain second scalar values; and

combining said second scalar values of said least one signal path to obtain second
combined scalar values; said second combined scalar values comprising said retransmitted

packets.
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5. The method of claim 1 wherein said accumulating step comprises the steps of:

replacing selected symbols of said received packet with symbols of said retransmitted

packets to obtain said accumulated packet.

6. The method of claim 1 wherein said accumulating step comprises the steps of:
interleaving symbols of said received packet with symbols of said retransmitted packets
to obtain said accumulated packet; and
wherein said decoding step is performed in accordance with a rate of said accumulated

packet.

7. The method of claim 1 wherein said at least one retransmission of said data packet is

concurrent with a transmission of a second data packet.

8. The method of claim 7 wherein said at least one retransmission of said data packet is
achieved by replacing repeated symbols of said second data packet with code symbols of said

data packet.

9. The method of claim 7 wherein said at least one retransmission of said data packet is

achieved by encoding said second data packet with a modified code rate.

10.  The method of claim 7 wherein said at least one retransmission of said data packet is

achieved by transmitting said data packet on an additional code channel.

11, The method of claim 1 wherein each of said at least one retransmission is at a lower

energy-per-bit than said transmission.
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15.  The method of claim 1 wherein each of said retransmitted packets comprises a portion of

said received packet.

16.  The method of claim 15 wherein each of said retransmitted packets is based on a

measured E /I, for a duration of said received packet.
17.  The method of claim 1 wherein decoding step is performed for a constraint length of 9.
18.  The method of claim 1 wherein decoding step is performed for a code rate of 1/2.

19.  An apparatus for decoding a data packet comprising:

demodulation means for receiving and demodulating a transmission of said data packet to
obtain a received packet and for receiving and demodulating at least one retransmissions of said
data packet to obtain retransmitted packets;

accumulation means for accumulating said retransmitted packets with said received
packet to produce an accumulated packet; and

storage means for receiving and storing said received packet and/or said accumulated
packet;

decoding means for receiving and decoding said accumulated packet;
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25
transmission means for concurrently retransmitting said at least one retransmission of
said data packet with a transmission of a second data packet and for adjusting a transmission
power of said at least one retransmission of said data packet to be lower than a transmission

power of said transmission of said data packet.

20.  The apparatus of claim 19 further comprising;:

scaling means for receiving and scaling said received packet and said retransmitted
packets to produce a scaled received packet and scaled retransmitted packets;

wherein said accumulation means received and accumulate said scaled retransmitted

packets with said scaled received packets to produce said accumulated packet.



