WO 2004/ 062113 PCT/ US2003/ 038223 [0001] DETECTI ON,

AVO DANCE AND/ OR CORRECTI ON OF PROBLEMATI C PUNCTURI NG
wE2hFaeRNs | N PARI TY BI T STREAMS USED WHEN | MPRENVESZODMB38223
TURBO CODES [0002] FIELD OF THE | NVENTI ON [ 0003] This

invention generally relates to the use of Turbo codes

[00A1lgenePETECTHAN, ABPEDANGE ANROR CORRBEGEIONOF or
det ecti ng AROBLEMAXICHGUPErFBRERGRATHERNEat i on i n
punct ur ed Tur boINRARITHSBHY SAREAMS encoder. [0004]
BACKGROUNBED] WO IWRIHMEN HNGnHUBBO 60DESt ens ar e
well known in the art. Generally, such systens
conpri se comuni cation stations that transmt and

[00BSEI ve wirel ess commgnircer PHEINVEBNFIORt Wween each
other. Typically, base stations are provided which

[0808] capallhés wiventionl gendraldy wilates tatheasaof Fuhetcodes in general,

communi cations.with a pluralit f sub '
oS5 TN 6 GREAL B OB b P UL RS gggomance
dé&prali&fdn GPpehdtuest Dyrdohedddigide GeN@batdnosdd?ar t ner shi p
Project (3GPP), base stations are called Node Bs,
subscri ber stations are called User Equiprments (UE)

[O@BQV he wi rel ess interfgegbeiowrp t he Node Bs and UEs
IS known as the Uu interface. Figure 1 illustrates a

[00Pp) cal ICRFleSDMOnEYQnieation [JoB6)s Fire Wellrkagvon in the art.
i nterface .of 3GPP _conmmunj cati.ons system | .

Copeiallyor BCCRUTRER CORPFER RS 1t Paney spiis LY trpgepplt and

rdBife Sy BRES REmbaineanEgnaRisktiveds dash okher3 GPPpitallg base
Di vi sion Duplex (TDD) conmunications, TrCH data is

stesione ey PRPVElee Bhidkopee shRRhle Af ORARAENS VHErieRe qoRgprrent
cdﬂfﬁlﬁﬁiéaﬁoﬁg CLHAT Y jalup(ﬁi@' SFalutsESBMY SERionk! Crh d8®R DIvision

transterred I n sequential groups of Transport Bl ocks
MuilBpledisfcessd Y ATsahapo specBicldly thetlhirdr@sherabigo P aTB®rship

is tr wtted in.a R Transm ssion . N a
Pl OG8PSR0 BBl Qb lanea
USYSE§ipidi®s (BB thR wivelessintSifsdedivtiyberetHo Mode BsaddUEs

mlliseconds and TTls are currently specified

isdgari arthe Uintarfage. digaresh idistrakes & waiad SGPP system.
ingur e 2 nqkl | ustrat I OCEeRS] :

B 1 OB BB SRS P AR T e

Trarisponr@hameiofTrChh s trahsfehefmset datdenal Sgnadingbetween UEs

agﬁ @Oo[il%%g? ?n %tPE’ ﬁ%DePDgflssigr? D%}%lzex\@D%) Qdmxsrfu%riéaitlr(]) s,wf‘rﬂi-l data
is conveyed by one or more physical channels defined by mutually exclusive
physical resources. TrCH data is transferred in sequentiéll groups of Transport
Blocks (TB) defined as Transport Block Sets (TBS). Each TBS is transmittedin a
given Transmission Time Interval (TTI) which may span a plurality of
consecutive system time frames. A typical system time frame is 10 milliseconds
and TTIs are currently specified as spanning 1, 2, 4 or 8 of such time frames.

[0007] Figure 2 illustrates the processing of TrCHs in TTD mode into a
Coded Composite TrCH (CCTrCH) and then into one or more physical channel
data streams in accordance with 3GPP TS 25.222 v3.8.0. Starting with the TB of
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-1 WD 2004/ 062113 PCT/ US2003/ 038223 data, Cyclic

Redundancy Check (CRC) bits are attached and TB
wa@oergatamat i on and code bl ock segmentati on i SPCT/US2003/038223

performed. Convol ution coding or turbo coding is then

performed, but in sonme instances no coding is
dsirs €Tyiclie RedThdamtyePhedf (CRC) idimgttdchel wad TRdpucatenation

fra alizatio a first i,nterl eawing, .radio fra :
2 G Ry it B nestogmety Coavaghadipdgy furio ting is
tBSQpEHbBhe b udiidi defke inbtandad Ao codieE ik RBedifiodeThefsteps after

frames in_the specified TTlI. The rate matching .
cedingt ude gadier Eamsy eqpaliration. 5 firste jterleppimgo radio frame

. . ¢ . . _
DS L e LR P A
ofrer thean@@beldf foahes Bt tleaspecifBEOEBTI. THee patcessiligg dhinction
t he rCH dat g .stream i ncl ud bi t | i .
OB TR TS SRR At PURC RIS R BabRgorbits
fANELRBRBETe @ T OHORBI I areMRELoaBloY &h@l@%ﬂé&&@%&bﬁn al0eTrCH
nunber of physical channels corresponds to the

dﬁﬁy@ﬂ@ﬁh-phannel segnent ati on. For uplink

sms . ' .
R Car TRt E e G ol LIPS s Bombling,
phytsicglindhayinspegnidrgdtias, ¢ seeondrorterleawinigraind mapping onto one or
transm ssj aqns, de. B to UEs,. the xi mum nunber of
TSR L S £BF MRS ST Be DY RSe P eRPPEnds to the
pRYEE SN HaYne PSSt drRdtias. Sort @fihk HFaAEmPRYYSCBIE £RBAEB, the
data streamis then spread wth a channelization code

marimvse glumker pbmhyvisal ghannely fenitsansppisgignagf a CCTrCH is
. y _ . .

GRG0kl B ESSORL AP O O,

ni@sarse chdiybérhef mdgeickl nbasids ifon . tracmissiongdfy a CETaGH is

Node B physical, reception, of, Tr regui re know .edge
oo PRI ELSeT R Pt ara pby deal sharaplGiide Fier PR rgread
At 3 cneBdshiod Gk AdThRREREEd F&OLTEH a§e§raﬁ§_-15§)si61§ on an

speci fied containing a predeterm ned nunber o
afsignepbequeimyrat s (TF). Each TF specifies a variety

ynam araneters,.inclydi T, S s 7 .
o7ty B RTepeo Rl U POR A3, (P 0 i
esahitiadlyt yaversedosl fige frédetving atgtiomatAdebringlyr dfetaeil Hode B

eGSRV e T
rBeohsAMSPORd THY ARla. FeRMcRatiCM 4 T&hsport Format Set (TFS) is
specified containing a predetermined number of Transport Formats (TF). Each
TF specifies a variety of dynamic parameters, including TB and TBS sizes, and a
variety of semi static parameters, including TTI, coding type, coding rate, rate
matching parameter and CRC length. The predefined collection of TFSs for the
TrCHs of a CCTrCH for a particular frame is denoted as a Transport Format
Combination (TFC).

[0010] Receiving station processing is facilitated by the transmission of a

Transport Format Combination Indicator (TFCI) for a CCTrCH. 3GPP optionally
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[ 0010] Receiving station processing is facilitated by
the transm ssion of a Transport Format Conbi nation
wo paioexios (TFCl) for a CCTrCH 3GPP opti onal | pCT/AUR2008038223
2004/ 062113 PCT/ US2003/ 038223 provides for "blind
transport format detection" by the receiving station,
providesifoh'"bluadeanspert formpt detgelemthydhe seneivisia statidye in which

otential. valid.TFCl s..,\W e L.Sq: o] val i .
AR R L HyBun P TR bR B Tl A i i
oBIgRfRe VAlIETBC D tthat BRCTissicdria cifterase i n predefi ned

bursts where the transmtted physical channel dat% IS
(AW ded il HBP bEglentiPh rapsmissauist arejyaee &y PEpfeted bursts
o 0 PR i 38084 AT e o
ppuiidn end . anl kedifECtnies slotipoetien.y A pelricfadethidamble is included
transmtted in.t art n_either, si f the .
ORROTS PRA A BPEH BBCRECHOL R i B S ERepibgppecified
afl tasROtthd MNEwo JYAs 6 @ItRELSIdE bPiReIHIRnTHR: 3hd b HéBwberdthe
are illustrated in Figures 3 and 4 respectively whe

twpehptierlichpanpel dada pertionsp lewearemplerdrom 4l TRER44N.5.0
l. .

ol 9 08 RO SPDSPRL SLAGREGE a0t Ll 200

refreserak $he hoidaothle andehe gliyck lnbkkledHB maptesemts| thdgmrthef the

S EIRCIONT NG S T .

pB§§eAItRAGE e MinkinddGhR Freguency Division Duplex (FDD)
specifications. [0013] The various encoding steps

[0G#3 enentidguras 8dnmithi 2 iGrrreydingrams miaghapnedycadips and
n#lﬁrlgpe%ﬁi g&élﬁ?ﬁ@Qﬁeac%%aﬁgp L %G@CP Fr%ﬂeﬁlchﬁvisio Duplex

el"'econruni cati ons systens. |In particular, the turbo
(EDD)) spedficdtivasdat a bei ng processed for wirel ess

: sm ssjon plays a significant role .for both TDD an
Q8T ot B eoportind Sepp e ment B S amppayn Detems
pEBAI 89 Ky neiePlias haKe Jefrthavkseaneadpadn) i 68t hORGreless

in information theorﬁ and, in part, have entered into
n

telagomempaipstions FEdemiu AR dartiedat.Hae tyrhaerding ef fhegdata being
Th |.nci S ' r .

oBREER AL b B SR R ES iR g ot oD
Foilh esmmraoiitatitns ah iadBGPP eystead areas. Turbo codes are a

or m of rallel, recursive, systenpti.c convpl utj.on. }
OB Whfiaocding. PEBRPIG hats T FUORRERE plications in
i8AdtiB8 theory and, in part, have entered into mainstream

telecommunication theory and practice. These principles are used in error
control, detection, interference suppression, equalization, and other
communications-related areas. Turbo codes are a form of parallel, recursive
systematic convolution codes, which can be used for channel coding and decoding
in order to detect and correct errors that may occur in the transmission of digital
data through different channels. Turbo codes are particularly useful for data
transfers in which, under certain conditions, the data transfer rate can approach

the theoretical limits of Shannon’s Law. These favorable conditions generally

-3-



in order to detect and correct errors that may occur
in the transm ssion of digital data through different

w@b@aied1ss Turbo codes are particul arly usef ul PEDUSZIO/638223

transfers in which, under certain conditions, the data
transfer rate can approach the theoretical limts of

igfiadmdarge blavk shreseansiyer whidh avhdartigdsrlyensafal iy mobile
-3 WD.2004/ 062113 PCT/ US2003/ 038223 include | arge
C%ngﬁns%%gmtransfers, which are particularly useful in
(06131 | e doigutn¥ ehdwohew phiddr dodgs crealedhiopendtaying exhibit
particul ar codes created by puncturi exhi bi poor er

PPOFEH PRI BERLHE hBIH IR e ASABUR B a4dD 043 Ba B8 iqaghTed in
t@@cﬂﬁ@ﬁ%i@ﬂal‘-%-N&i@@ Rakiol(BR®) valgnal -t o- Noi se Ratio
(SNR) val ue. [0016] Typically, high-rate Turbo codes
[G018] cr eatBpitallyp dngh-natenBurbo. eodes ae¢ icreiated bpgunsturing G.e.,
its of @ lo = at ode until .the i red .code rat .
Ry pedly BT coi a1 o bllec db el B, BuRRT Gofidgfte i
attaiddl. tPPRRIUBLr doldad s pelchepunqaerihgraxhilitpobier tian expected
certain punctured bhit patterns. Because the recursive

Perfearpee BROdRsCeriRin PrRchyred b Ratterage Berause jtheirecursive
o g DOy TR ik SLEr My A 1o PRI Jofponse,
infofhaiion mbanty esr systaoattic bit is déitriputadhemesst many efipheyparity
bﬁyncturing, the location of the punctured bits wll

gve an inpact on performance. This is because

[GOATGt uri NG Shy bRYS cOhtrolleaassidhentd it Gaiplbes puesesingsthe
burst errors by the decoder. Al error control L
lopatinarmfshe RuRfTBIRdybiE® MHH dtavie A imppetopr DeFgFmapee.| ddds is

bgme ﬁ)ﬁﬁgt&rg{eges%ﬂ%{gg of s-m@ésgfv% rhb?bs chh bk t%/ie'ﬁ{?a SRl MRS by the

esigning t pun€turing schene that the burst error
deardeecAllrgraiebhirdl msclofmitthe camady berredrinirdeemdrs that atedess

bsence,of ci-fic know.edge of the errar control .
Bty LoisRRa Thstefit fhis pEotent WRsT AP enERabhRrpsns
seildphdEh Rfth O BOEdt RS cBirestind Obilibied bf BRtioAg be 36:@5ddrBH S In the

corresponds to distributing the non-punctured bits

abpgrice onsRecHi lgwavledae ofthapianr candtl Bedjag sclmupe Augoppgule is to
e
carasponids c tl elistribuaingi tige anctepumadatddoritsf vdifondbr across the
t%%%gﬁgt@ﬂ%f%g[ -?-Si’g%ctglﬁ% %ﬁhz‘ﬁgg%rﬁl%%r %In}/tgrnelpyc o(ﬂlstrll‘goute the
non-punctured bits can deleteriously interact with certain error control codes,
causing a degradation of decoder performance.

[0018] Because the recursive encoding blocks in the Turbo encoder have
infinite impulse response, information about each systematic bit is distributed
across many of the parity bits. The impact of certain periodic non-puncture
patterns in the parity bits can be qualitatively illustrated by considering how
much information remains in the surviving parity bits.

[0019] Regions where performance of the punctured Turbo code is degraded

can be determined by measuring how close the puncturing pattern is to being
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infinite inpul se response, information about each
systematic bit is distributed across many of the
w@asouy21d t s. The i npact of certain periodic PCT/US2003/038223
non-puncture patterns in the parity bits can be
qualitatively illustrated by considering how nuch
pemfdmcr Wé;hlp@mod selaterktoithe phlso off tlae wemiperaedic ympitkse response of

0019 |o S e t he punctured

dFB 1: Cf’ m&é@? g‘&éjg% gﬁr Oeé:n e@éerrm ned by measuring
[ObQ@\] cl 0s®otf AeGPIPTTitholeigodez] thelconstitukent Beungve edcodéds have

2004/ 062113 PCT/ US2003/ 038223 per %& C \Afet h perlg
an EnpElee respopsRtisd s BerHe TR %E‘%ﬁlodp Barhols fnosgive time
f

AT RRRERE S A Bk o L
Mcan&tanmmbrafec,urs,l iftheasiifidegistemavarts anthermb state and a one

.res se .t hat eringdic w,th.a of7

i GRELRASY 7% 1 (relor i SHPLI e Lnser PR smit

%3&% eNFBR) k;vnﬂlf-‘él@ ra@écﬁidt@dﬂ 3ed ofdie pelieiierpdgn@nial and 1n1t1a1
sequence generator, i.e., if the shift register

stateaflt %0} ﬁhum peEipd 28tlat ¢ Mmseauenspés senerated; forgositive tinge-
g7} O L IER A ACtcl S TENATh i Sy ANOREy FERAAE inary

Regr's n associ at d order
ﬁ@lﬂl rﬂ‘hervﬁr@dihy ratrpad ofatie énvbdérals a swatd shifted @prsiartsuef the

eri od 23- M. se n enerated for positi
irgp flge FPoBA it MBS P ARBEE TR RYATERELLE to
tl{dq&&tm'iﬁé%m{e 28 1241 TBY! ¥f wé belsider BReinphiptient it A ozzwﬁ)pus T,
he encoder is a sumof shifted versions of th

thempm]h@ eutpap oh ghe ofonshisuenic srrarsive susodiner plogki Wﬁh@%—? be
r espons rre ponding to the locations of the 1's in
eg d%f??\kle %onsn der an input that is all 0's for t
@8232] t h@ertdir noutpmnictwfing penmimaay remadt iy ® bags of d'stributed
encodl ng bl

i T A e LS SURCE BES P ORI GEbohRy T b0 Foriapee;

lelt @ﬁéTchoQéﬁ’E S OB 1104RE OF IBdyPsbred) Abw oBsTabY tl@rpiublem of
bits across the set of parity bits. For exa

tﬂymg tohdetTBninsridiestevert bitsdivt ebspriationed thy onbpiyt fg”péan@sencoder
conS|der I

a tg/ gy Quncbu}lngsgagg to?(%ér]&oFlo{l Ly hﬁgle a&ttﬂg { Igﬂéﬂg n%: of a

sulfdeeof the H\hitsvtl[mﬂuﬂseﬂgamgdeﬂ@rmhm]rbbaﬂmemmwmm pﬁrlod and

the out put f bset the 7 bit
i aH sb R a0 PLLTR FSHFBYS PRSI0 FAF c b aeh e

pm@rﬂsmﬂbs%etﬁz&sa%% péridd @clatie RMﬁleeWiﬂﬂ it petieakof the
nost non- punct ure patter ns ose that have a

smr-p@docheirawl»a@ F§SPORSGIESUMNS PVer Héh%@ierlb gulsety ¢an eventually be

observed. Therefore, a system of 7 equations with 7 unknowns can be formed.
Assuming they are linearly independent, the values of the 7 bits may be
determined. However, consider the case where the non-puncture period is simple
(one surviving parity bit per period) and the same as the period of the recursive
encoding block, 7. Then every observation fort > 6 is the sum of the same subset
of the 7 bits and so no new information is obtained, i.e., a rank-1 system of

equations is formed and a unique solution does not exist. This is due to the
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sem - periodic inpulse response), suns over 7 different

subsets can eventually be observed. Therefore, a
wayaemied 7 equations with 7 unknowns can be PCT/I803/038223

Assumi ng they are linearly independent, the val ues of

the 7 bits may be determ ned. However, consider the
peraarkic nhiame of Hee signalp WWbentle pay-pwectize Beigs is relagively prime

Wbtglr %\é{geg’g)dtpﬁre‘cﬁl?éggll}ré}v\% eencg Iggaqgck? %ESSE‘E‘S o? %‘E’%ﬁr@iﬁ&&e of the

pRSEhMA WillNevedtially forhSatiaaksu gysmémt dfeeqmations u et ourdT-blt
the 7 bits and so no new_.informati on i s obtai az
group, thipiswificientsipamaguely detegmans hiedisst ¢- PR spficient

B SR e Pt )

péﬂm@fl&rgmlt reldfigelytprenedhe pamk bﬁtrhe s;yetelnmbeqomesdb/KtWh@Ie)L is

eri od. of -t he |

of tiod of tidrachify enplibaeoniP B BB iR Ey g Divider
(@ED) of3L/ amm lvdméré W id)tBe haFikd 6f ﬁiésﬁ&ﬂp@ﬁctﬁpr:iﬂt@xﬂﬁ For
our 7- 1%@ this is suff|C|ent to uni quely

(B i nént a@pv%ﬂlust@twm AfloREeausHCe f FeteP affer the small
gxdo% eorfm% @vats@ﬁgﬁbstea f(%xsclgzll k%%—l%%a@gf %ﬁﬁw?rk?amﬁﬂfﬁﬁé’l'g@gups

riods are nét relatively

oﬁmtm follbm thaﬁkst@fromméoesymlt et bethendistriliitedvirdpematips about

lﬁe peri od qf. the, recursi vehencod|1 k%lﬂcl)ck nd Kis
oqHier@reimte AhiesH o PO the g o R R R her o N
O(@éﬁ he peagiPAs@podsife BRA-sBHCE st Buled irﬂ'éﬂnatﬁ&@%:i])sﬂeﬁen for
the above illustration, a | ong sequence of zeros after
n@lhr@lrgnbl perigflso 2. oposidey thes cargppbeted thepopipsimchyre pattern

0
Al U S R b ot P g

nb]li]-fpﬁllhﬂ‘ﬁire @atizbo bt mﬂr twesugyivdug parith ﬂoxis cpan pbriodedhe same

fromthe, cau allt of th tem, [0024] It. is al.so. .
aURE abTTralcads b AIF SRl PouRE sy a cahbionS jRuEe is still
BN @RciERY to nﬁﬂqﬁélwa&eﬁﬁfﬂeo@ﬁe ool »of WEEN)ShEle Hoddh @e(ﬁﬁﬁethe

where the non-puncture pattern_ alter nat es between

dihemrien péthodpase thiey eeanfpat.odleartn| spmeByprmation about the
xglg I%%gu]g of Ry 1lel<‘.J>ntCIIo%I %n@%ﬁkeﬂd%cplﬁledﬁgattﬁrﬁy\n survi ving

per peri o ument above | eads
[ao25a ran kI-n?orﬂyjstcﬁdbtafn S@Qﬁﬁt@gmﬁmeyﬂtus hecessatyi tioldetect,

insufficient to un| et erm ne t oup_of bit
apeid eRWer catrsEl th@ U@Pﬁ)@ﬂ@. BHPCEHripg epa&geéeé lPhéV Rty bit
sﬁ@éﬂrs BTt R violf @dEBhIcQNTEPRHTLy i8blesiRid ingératifons
of bits is |lost Tor sonme non-punctured patterns.
of@@ditween ¢he dturbo cotlerapwutpad eeq@ap@nqﬁ@rmsrlﬁaﬂ@eratﬁ tmatehing
Spa cessary to detect,

[0026] It would be desirable to have a method for creating high-rate Turbo

codes that avoids problematic interactions by modifying the puncturing patterns.

[0027] SUMMARY OF THE INVENTION
[0028] According to the present invention, degradations in quality of

punctured error correction coded transmissions are identified and the code
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avoid and/or correct the problematic puncturing
patterns in the parity bit streans wthout having to
wareiudenedle rates. Typically, problematic intePerUSINF038223
occur between the Turbo coder output and puncturing in
the rate matching stages. [0026] It would be
trgogmissbine tage havalifiedreatsonlingly. cr datnungtinigs- pattern which

R L T
da'gﬂﬁdhﬁMENTdcﬁhbtbﬂ 02 8coAtare aiitiga trattHiag pf #eqnincturing pattern

i nvention, degradations in quality of punctured error
ape thePautislate988 TAteansni ssions are identified and the

[R9E -6 1%%9415@@2&&@ ’I%ﬂ_/ Hoe Q038243 matching and two

transm ssions are nodified accordlngbr. A puncturlng
ppattueing vpdrations pe amlmeleé,s and phig icdone hrsdese af @ rertain

tifie andaval ntici at i
ol R Rty i R a st il nERERT AOEP" FREY Wreless
tRWMBEH I dcB e Rl (WTWRUat’Ui"eédiﬁe d&ﬁi §dfth0hﬂﬁn@ﬁﬁi@t1plaﬁ;@nsnuss1ons
29] For both FDD a TDD, two stages of ?W
M@ﬁnﬂ%ﬁem%baﬁa sation: Athsyeansmpission fils thedirgtidppe, the

%ﬂ? L S b P IR0R Qﬁ% 3 ggtaalrp Qﬁtaacté'inpf E&Bﬂta‘iﬂ% successful

I ncrenent a anc for a
cormn&imr%mnt tlensaebnd iteoei s ourdelt b W Rt t’awor @(Eférmt ﬁnges of

soft combi ne SSi 0
i e e
stzbé Shatlit 6Ba stpsort, Sargmll ord8r tohd &18 b (it €He Yétidindiseions that
data in an attenpt to obtain a successful

agoipmehinedintefhe h‘éffgre Elsta are o stageppigametyring Thefirst stage
of Ve Ghb iR bu Al S e BHACKI! thds BhE sHRGHinBAGALAPINto o

certain capabilities, certain _
baffag antl thé sédond atagewfpondtpriagdos repetitien) i 6o zmlnm the tesired

fit th retr sions ,that . afe ¢ i ned i nt,0

opElible b VRPS e Crthaof st TR RTaRE Rtp CoiiBnpdaplot of
p8dAGBatiOfrediBh of @dehd Pite RS BGhURRISmMEASIYPAL Pliot.s ThUS there are
that the survivi n% bits fit intog a buffer, and th

twesalivs newagEoled b are ngptedn afieplettpes efunciurips and a rate
n?? g%@j#gg ?§§¢ﬁ§§%, veral |l code rate. Wen the two
mat ¢

g are conbined, a plot of
Qﬂﬁ@ﬂ)l ermtA(mordagg agns ﬁf‘stcambamm ef the aresent invention, P1/P2
mul tidi are.

PURGE nSI 02 ? g ﬁ.tggeeof; rﬁ}: he bF (ilglflg gst ellen'Fe% usmg the
pRHBGE | LAGr eddedidiied tfadnigass Stage of

(gJO Fia ngccordlng to a second embodiment, two or more stages may be
employed at each stage of rate matching for detecting and correcting performance
in punctured Turbo codes on a High Speed Downlink Shared Channel (HS-
DSCH) in R5 High Speed Downlink Packet Access (HSDPA).

[0032] BRIEF DESCRIPTION OF THE DRAWINGS
[0033] A more detailed understanding of the invention may be had from the

following description of a preferred embodiment, to be understood in conjunction
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[0030] According to a first enbodi nent of the present

i nvention, P1/P2 puncturing biasing for a single
wat@goeidrate matching is inplemented using tPET/US2003/038223

punctured error correction coded transm ssions. [0031]

According to a second enbodi nent, two or nore stages
withythb eccaanpinyyegl deawiegohherege of rate matching for

cting.and correctin erf or man ' u e .
[@gaﬁo coddés™En &5 A § eggag%dd]ﬁ%rv\# i oﬁﬁa é@? %ld E’@ an n%’lStem n
a&%gg%saﬁho%%%a&é&gég Sg%g%%tpmﬂ i nk Packet Access

: ) - . ON W .
[0086B3] AFLa@rr@ %a aiPreEsting chagramy Pﬁﬁﬁrgﬁ%@%gﬁww in
i description of a
apr e‘%agl??g‘gﬂleélgggﬁn]gﬁt@??k%ﬁder stood in conjunction
[0036M\0 2004g 068 Bl PRI ¢JBRRDSMS 36 elhnalicodingtpad multiplexing

acc anyi ng, dr aw. in: [0Q34). Figure 1 is a
EERERR e BT LG RN O LT b PP elRA 2 om i n
[0RRGPr dan@@g ek h5 & UISBE Rind3 GPRr& PR&giainA tof 0glinnle0B38ing and
Figure 2 is a _processing diagramof TrCH data.for a

modifplerngrexammlet Watrcardanen vaEPpEGT Bl R B spreificaionss
[daO%gF& F!EQ%‘;EI%_S? gho £ gég%ﬁ ?es%ﬁt%%?gﬁi&flapmg %bir%%bﬁr‘l%% by

mul t i pfexi ng es 1 n accordance wth 3
pepaaringcahess mpOD 37| dB pes emn bevmesBirmddn @ridicel SNR value;

i_agranms of channel. codi.ng a | tiplexjing exampl
2 o8 iR 0 O BB BERERY Bhcnce
aFd@8nfock &h@wal BNR)CRlthriggH! grebailipakt Cod@Ratoeden P1/P2
bei ng created by puncturing, where as nuch as 4 dB

biaging isaprbedimeasured in critical SNR val ue; [0039]
jgure 8 y eal | [ i I
B o RN 501 ot RS Byt rbill i pspect to an
oflegbd paioltekyid)ivihicly are tdet&atfepumeturity tiRCpariiyastrergns &1 the
applied; [0040] Figure i.s a plot.of the problematic
ﬁr%gﬁnén?“aﬁ“f ﬁaggé?;%%#e W%‘élﬂngo‘?egs?%ﬂe Air (rl,r2) which
(48] t he rages Of isRUabaati B1dcRelifahid howihg ardrdult foh8GPP
first and second stages of rate matchin
rategpaichingsloy HYTOM.19s1re glurbe godedd HSQEHaend bl ock
RPN SRS Bl iy e H3ER PGSR ARE SBUBLER) for

HS-DSCH transport blocks with certain effective coding rates.

[0043] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0044] In accordance with the present invention, several methods and
embodiments are disclosed for detecting, avoiding and/or correcting the
problematic puncturing patterns in the parity bit streams without having to
avoid code rates.

[0045] The present invention is potentially applicable tolayers 1and 2in a
FDD, CDMA 2000 and TDD Universal Mobile Telecommunications System

(UMTS) modes of transmission as well as other modes of transmission.
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[0042] Figure 11 graphically depicts initial Block

Error Rate (BLER) for HS-DSCH transport bl ocks with
wa@essasn1ef f ecti ve coding rates. [0043] DETAI LECI/US2003/038223

DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) [0044] In

accordance with the present invention, several nethods

Addg}on@ﬂitmmembvd%amr@smlb@d bexeinafter foe meatifying the pratHging
P& elil}%gsu%ﬁrt#?gp%r n%e oP d@%I ?E%h[tu%ﬁp (L,"Jh%tlggréﬁgre[&at terns

FTesns avi n avoi d

[(Dade r at g3. ac[c&%ﬁ]se With thepribnt ﬁwentmﬁnthesmethods disclosed
potentl allly appli cabl e to layers 1

CIRPTIRYRS RICLFERSCORR 6 ST EelpsSEmR Rt %‘Feé%eo% ﬂ‘f"?ﬁ*&ﬁa@m
ba‘?syezgtsﬁbn(ﬁwe?)laﬁad eSwaRU {rﬁﬁﬂﬂs%ﬁit% naﬁhﬁﬁtéd 3% Ot @hobile

of transm ssSi on. - 2004/ 062113
s@ﬁbhlﬁ?@h&hﬁ@l&%bsﬂdbhnmh B9, omeny @fdt@r tyme ofldeced ¢amgble

f f
o Bl eb i T T B B0 2T (Rt S8, a base

sta@ohometidel ARABGE Hob 1REEEd GRACKa A étb‘mbﬂ eNpieSenite controller,
i nvention, the nethods disclosed herein may be

accwm BoiahpB they integfacaigdaicy inah winelgss REITOBIGANt (\WIRU)

for a F1Q~ﬁ15e68 %ﬁa@fﬂcgﬂy d@’ﬁfé#g%?ﬁ? regﬁlrgﬂ_%édc%‘slsﬂﬂﬁﬁiecode

|s not to a tation, fixed or
amlaba bleck (drideal BRR)ovith h1g}hagebability werguoChde Ra@qoeh@t biasing

ﬁ%ﬁlfyohﬁgﬁﬁ%%%qlg@:rg (?\gn B ?Fé%\ﬁl;;{ee? R }aﬁ ggagn found that

paHAdULRN cddes | cekersd iyt drﬁ:t@ﬁhg ltherirhed1/BBEPDARAbS (cadé exlibit
Node-B, site control access p0| nt or: ot her

PPotet thai Prrpcrd wfqrmaalcw asaa@sfse 90ilFon Hap pealipipghp figure.
LI
(ﬁM@gr e 8 Ilﬁifgﬂp&@ G& éx f;{log SPLGd %)6 §§icr : gflﬂyﬂb N tx@s;\)lact Ij]:O an

successful' Py deco dat a cal SNR)
oi‘deglad paotiabir2)i wlick alrsthae MekeoﬂaatxthBg the psmtygstreﬁms in the

bits P1/ P2, i I|ed As n Fi,qure 7
fdendleeterdainaet e BRPHCE 8 OoeONay. (Apal Jgn therd are
pRENGAAY Fddfordsh@hérdtiBe %é‘s%s IEPEndiiRe EHe peX i Yiréams are such

poorer than expected performance, as can be seen from

thatesopreatenhinatipes of tginseare Heobggpriyipygblenmtics a pl ot of

r obl .
U919 22N A0SR BB h0py BESPAGRa P
ipplenignted rfenmhei stagd @atef mr3$d:hlagd BizmoedO sk ag eshahatiathdock

mat chi respectiv . se E
PR U AT 1 GHEY L P 28 s B HR T FISY for Sins &
Tuho Beldd MSIHSECHIBIIY @rélifl) 600NaipleRehtLH BUIPTaEdteisatehing
rates areBartlcuIarI probl ematic.
scheme for HSDPA. The circuitry 600 includes a bit separation circuit 605, a
first rate matching stage 610, a virtual incremental redundancy (IR) buffer 615, a
second rate matching stage 620 and a bit collection circuit 625. The first rate
matching stage 605 includes a Parity 1 (P1) bit rate matching circuit 630 and
Parity 2 (P2) bit rate matching circuit 635. The second rate matching stage 620
includes a systematic bits rate matching circuit 640, a Parity 1 (P1) bit matching
circuit 645 for the second rate matching and a Parity 2 (P2) bit matching circuit

650 for the second rate matching. In operation, the systematic bits, Parity 1 (P1)

0.



[0049] In one enbodi ment, puncture biasing for parity

bits Pl and P2 is inplenented for one stage rate
woradoslos21gs Figure 10 is a schematic bl ock di aRpCHDS2003/038223

showi ng circuitry 600 for 3GPP rate matching for

HSDPA, using a Turbo coded HS-DSCH. The circuitry 600
ahdRasite At(@2hbBeRPe pracesseditbrugh thedhehrateonatdsirstagn 610,
v*rkl%acllihtg ffe %ql5l g&éoﬁg%ﬁteamggéﬁ1§§ Q&{g@tétzﬁfb[n% ﬂr%lg :é!éltrlr%:Q%g scifduit
62&d Nm@ﬁiat the HZ)artﬂyf]f @n) 6315 Paaity @) bitsatre traited seygprately.

620 d b 625. T f .
Tha e i oRaticiiig PeTih & (BBSmHEr b (2 iy camppe 4jthe bi
c51?écﬁoﬂ‘3ﬁ@£‘ft "695%) 'b%'shgle Q%ﬂag?@ dataFAfthhy N, Pﬁ@so lﬂo‘;e ﬂﬁit%f the

mat ch I Ng circuit . he second rate nmatchin
négber pfeidad bits as bysthmmn asupl tosthesize ofthe nirtin er 615,

a, Parity, 1 tchl c | 645 fo
i Bt ede o i ATk AT S e iRyeS (S brpREbarkRl ftfSteee
cédel 51 Rel- @Mefrﬁditchh@ @@Q@ﬁ@idé@ﬂe mat ching. In
ogeratl on, the systematic bits, Parity

-9 )

h/ 062 1ngtperiugbimpiraaation, kg ammwe% tb@*zyh%@tf@rent
cigri t RERGEARE il 'HeO H%Q:u‘:@f bg' 4 Shmh@f ¥R Mrnﬁréfl?ag &uch as
virtual TR burt 61 second rate matching
natmgeocé%rmumry, and lie ctceadanée il prc&zam stwictions. The

the.Parity.1 .P Par i.t sar

shughs areny fncin o5ef i Bepihsfy Sy Bplign Habn Hidfite be a

ni2atdrt of choldd2df thotss cehBgeenpithe dirdbitthevithih theotdteahatehing
circuit 625 to provide a single data output Ndata.

cispeigtyn@i® that if the nurrber of coded bits is |ess
d%g'j' Ot heﬂ#aazjaté RatenShEbri mb@ﬁm‘bh ﬁ&i?étuﬁﬁ’g BYhE S¥erall code

e first stage o e mat ching 6
roteds gpatenthanTi®and aewpmoanf theicode rate a@bss ﬂ%‘el/én @urrently

RN NN T TN —"

rélief ﬂ‘oqmﬁtm ghd RF bitk WRCHWIADS oMb bit) Dt exiek difterehy pancturmg
common circuit or CIrCUItS such as n1croprocess

petteBuphases. dRcrisr Hewid AARPWRCTHING Befiegifities that Bave been
s%lgnk%{) é&rlrg%%&{}g thd %rbé&%'ﬁe&ﬁr@a&ﬁ A rﬂe}?g Gt%ﬂéﬁ{ésra'ﬂec‘seﬁrtfq and

e I nvention “wou a matter
Pafbedhdemandehtly hiswedc dot iegampleg ifithe noinrheuiof Py bijstikidacreased
ci.r cu

ERAE R GURSE DA Ger FUFHEh SRRl podbrat S dpghpmeed

pef iR proBleghdtse Iﬁﬁ&lﬁﬁuhh?geﬂlb@s @ithd Bpaiddl Gaver thid fgproach
code rate is less than 1 Currentli/ code rates

teyreciding thaaroblpmatic odpaberp AP sRakytis] apBPSAIeRyTOr fle Rogisite
bPal'él? EhDEderived.

[0052] A simple and efficient method of modifying the puncture patterns is

biasing the number of punctured bits in P1 and P2 by adding additional
puncturing to one and removing it from the other. The amount of the bias should
be no more than is needed to avoid certain periodicities. In biasing the

puncturing rates of P1 and P2 bits, two constraints must be met.

-10-



rate to both P1 and P2 bits (to within one bit) but
with different puncturing pattern phases. In order to
W@ @i@621eh- punct uring periodicities that have PERNS2003/038223
shown to degrade the Turbo code performance, the
puncturing rates for P1 and P2 be independently
[Q05a5ed. RUheexanphacturingtgastennnith pefio® T MR 4, 2, 3...) are
decreased Dby and the nunber of P2 bits is increased
usnd, degeadntionain PerfaEnpnges resiligncRhagegeriply wilebe employed
r ] | - a a .
wBe BT ool ap SR PSR AP PR MR e 4
af?ﬁﬁ?ﬁm&ﬁeﬁ%ﬁh&ﬂﬂ@ﬁLﬂﬁﬁ&ﬁﬁ@?ﬁOn for the requisite
bi as, has been derived. [0052] A sinple and efficient
[00sthod ofThenadiet ygengor-pengunitiguate phtlecP hand £2 hitaswatghing

h f ] d pi i.n P d P2 b di
bl 15 1BEH) hsth L £ e g B itk ShamRALIg Shels PR chsate
nfb8he ahler MMt A ndliBerdasarth Pisd P 1 hade B et hdput of

I's needed to avoid certain periodicities. In biasing
rateemapnining.urThegefoze, eheodesbrdagpde P2t ivwid, leadgio a problematic

co straintf nust be nmet. -10 WO 2004/ 062113
PRRSTTIEE3547 848223 [00531 When non- puncturing patterns

with period 7 (Ns%L, 25 3L %.]) are used,

degradation i f EHN- hepJfE%ﬁLts. These periods w |

be enpl oyed dnbv the%%v ge non-puncturing

period of P1L or P2 bits is within 1 or '/2 of 7N 2

for even and odd N respectively. [00541 The aver &g@ation 1
non-puncturing rate of the P1 and P2 rate natching

bl ocks is Il (P/2) where | is the nunber of bits at the

i nput to each branch of rate matching and P is the

fto al_nynber of parity bits (Pl and P2) at the output
GV 34 F Rt chi ng. Therefore, the desired code rate
will lead to a problematic , puncturing pattern if, |
71V <1-N+ N, (P/&__—_ 4h A Equation 1 for N> 0
where, 1V =[41 + P })Equation 2
Equation 2
[0055] In biasing the puncturing rates of the parity bit streams 1 and 2, P1
and P2, two constraints must be met.
[0056] First, the number of surviving bits in parity bit stream 1 must be

increased sufficiently by an amount A to avoid the problematic puncturing
patterns. Second, the number of surviving bits in parity bit stream 2 must be
decreased by an equal amount A that is also sufficient to avoid problematic
puncturing patterns.

[0057] These two constraints can be combined in to the following

expression for A, where:

-11-



[ 00551 In biasing the puncturing rates of the parity

bit streans 1 and 2, PI and P2, two constraints nust
wheooaws2113 00561 First, the nunber of survivi ngPGI/US20031038223

parity bit stream 1l nust be increased sufficiently by

an anount A to avoid the problematic puncturing

patterns. Second, the nunber of rviving bits in

rity bit stream,2 t Jbe ecteased by an equal

[(g)%ﬁhmt A A hahax ! mjlsuféf)ir gﬂ't" o avoi d problematic

punct uri ng att?ﬁéﬁ[[%oﬁﬁﬁé% two constraints can

be conbined|in(to2the foll dw fg xpression for A,

where: -11 WD 2004/062113 PCT/ US2003/ 038223 [0058] A
=max | -PP- 1 7N1 2, 2 [7N+11 [2] 2 Equati onEguation3

I

9] Al B non- t ' | .
AR ot o Ees il Vi HogJRRcBag HES Ty 12 FResdd in P2 ond
ddetasadiin® 1amthegpptedutrts detemsisnaran dRppB2tHei resesshgy BEP2 bias
.foléﬁv\rs:_ Step 1) Conpute N using Equation 2. Step 2)
13 @r'Atrre if the desired code rate results in a
probl ematic p i t | 1.Ng: ation 1. If it
does, conti n%g&g yg?’%gﬁge,ﬁgglﬁgtﬁ dgatgms'ﬁe' A=0(if I
79 >1-9 + N ), (P 22 2..5tep 3 ute, the bjas
2 usi ng Equat BieP D Atefmife i, M Besthed S00eEi Agrelts
paraneters by nodifying . Table in TS25, 212/ 222, 5120,60&
In order Rrebémﬂt%f pURetringnBathenn ¥sig LRuRtigR gl add it does,
Turbo code . performance, the anmount of puncturing
applied to parity bit streans and respadti velly | N
coul d be %P laﬁ?fﬁ%ﬁfepﬁf eftise ity 20 ke epimg e Zévqa{gJ)-

nunber of punctured bits constant.

Step 3) Compute the bias A using Equation 3.

Step 4) Compute rate matching parameters by modifying

Table
in TS25.212/222.
[0060] In order to avoid puncturing patterns that degrade Turbo code

performance, the amount of puncturing applied to parity bit streams 1 and 2
respectively could be slightly different, while keeping the overall number of
punctured bits constant.

[0061] If the number of punctured bits in parity bit stream 1 is decreased
by A and accordingly, the number punctured bits in parity bit stream 2 bits is
increased by A, the overall code rate is unchanged, but the problematic
puncturing patterns can be avoided. Note that bit collection and bit de-collection
stages need to be adjusted correspondingly for this case. Since individual regions
of degraded performance tend to be small, it may be advantageous to simply

avoid the use of code rates with degraded performance. Since code rates with
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[0061] If the nunber of punctured bits in parity bit

stream 1l is decreased by A and accordingly, the
woeobes21ipuinct ured bits in parity bit stream 2 PCT/5S1083/038223

i ncreased by A the overall code rate is unchanged,

but the problematic puncturing patterns can be

dagusidge gperinpmaneehean Bpy Reoldertified msimggthsi above equation, it is a
sﬂaggl%%ét%&tﬂooaﬂrmﬂ}?e%?s need to be adjusted

respondi ngl of this case. Since individual

[008%] ons Fafr }B&grdaﬁmnbnmfchapmt@lem(ﬁARQm dﬂp&iyledm’. 3GPP,
.may be advant ageou I t.he of co
i Ebe APECRSAT G S ypmq%f%é ptegaichingodBis opws Wiepever

mclﬂgm\é@caa QQ&'&%&QIM Q & Q38 2RS nuﬁﬁﬁaﬁ'aﬂ* %‘iits input to the

performance can now be i i fied usi ng t he above

refguatching algorishm is dayger éharmt:heevlrml aRdrudferhelNotq Goé 2yhen
or id_ A r
A, iBbliling YRR L EBPIRERd BE ool W 1210 IR BUALE o
réc@}j&&:dﬂﬁt btkffd(’i?néc;u'ﬂi bs safficids. Memﬁlat1omm?bgient were not
reau cy S e e n I 1ts
u?@r phiscelvg éYIﬁgp q!fgdﬁ? @%f?lﬂeﬁ 1t isdletermingd ghat IR
pmﬂdéel shiyal sxhﬁl %&)P&Femé}ﬁto%} @ﬁ%sé’"&ﬁﬁbmgfga%ﬁeﬁ QH{%IO%M‘ IR

used, thefe is no need for a speci al
fivod ﬂeﬁstaadandemeay/bdadwsabl@ffer woul d be suffi CI ent

tel | at
o T PSP RGP e o
HSDP& bptioh Reerdih at&d a‘ﬂapﬁﬁt?iéi i @erforrthyd. aOﬁéT&hhpcl)nenft of‘ the link
i_mpr ovement_ over ase .conbi_ni ng, en,.r a
afigg‘iﬁt’toﬁés Sdartxe dodrigtipe Lo @5\4?60 g”gl%lvl AMG, ae‘ﬁannel
qhﬁh\%bés@irﬁ‘at@'lg R&da Qakict ﬁ{eelﬁodﬁlgﬁoﬁ e i}ﬁ?cdd@tﬂéﬂgﬂﬁ% dttains

A option wherein link adaptation is
tb@}afrgesmhiroughpu’c OWpen e chemnehgudlitls h@ba@ﬁé\ﬂ impdulagion and

glﬁﬁ% eerag%%y ag/ecg%d( alﬁ%th ggr é gre el 2)bta1 ed thlg:turmg arate
1mﬂu&b@tob@é1 Dipagand desige of fHecchthaél @ianlay nsdlcztﬂim (CQI) table,

fl(\)%\g,g g@%g{regi[ f,o rc]féqlil;tam 'l&rq%gggph El%}g A e%iz g U@Ii%é%)é‘igilggiise%ﬁoorer
thh 9 R 54 f:)é’xtf@ﬁn@ﬁc% Obﬁ@b@ﬁotabaye E%H%'rﬂgp aa a@gr&lel YhRity

Turbo code. During t design of the channel qtd
estighiataintora (@@n)fnetmdeﬂsnodulatlmsmdUEBSSed[‘hlh@tr emt | pporer

Tr ans ck Set. S zes S hi bi t rer "

R R e e Rr o e th Ha s Y. ity R §fepigine the
OQ!DbaBleCﬁbadVbﬁl tIABRRY thaisédu¥Bpeobleing. dnrAMOtikiRdests to less
nodul ati on and TBSS. Thi s probl em of poorer . than

tham eptimal purrshpaacy %pte;realr e rptesaridlonseidally heaygided.
Od@@ dt V‘Bﬁﬁiﬂw’c fol- ik adaptation by means of AMC is an integral feature
of R5 HSDPA. With AMC, modulation type and code rate on HS-DSCH can be

varied according to channel conditions. Variable coding rates on HS-DSCH are

achieved by means of rate matching (repetition or puncturing) output of the R99
Turbo-coder in a pre-determined manner, i.e. as a function of TBSS and available
number of Physical Channel bits. Both R99/R4 and R5 use the same code rate
1/8 Turbo-coder. While the principle of rate-matching is the same for both R4
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CQ table to avoid the TBSSs that cause problens. In
AMC, this leads to less than optimal throughput since
wopintedilxzode rates will inevitably be avoi dedpCT/pSD63I§)38223
Support for |ink adaptation by nmeans of AMC is an
integral feature of R5 HSDPA. Wth AMC, nodul ation
and/ B, thedikehdend more Bequest Dsepf kighenrtfeclize rede rasedrdiZighe
to channel conditi-ons. [.abl [ S :
uiqgoDaRPEle, SR L IR pRHAER, uf e Bahdbf afliving for the
pdssEIBts 6 [RbrefertiNRédun dagky CIR)plifferehtinbe RBAR4 and R5.
Tur bo-coder_in a gdée-determ ned rragﬁge.r,

[006REt i on H¥DRAseekaamanss | HoRTenkaiban o Cfnyigaindicated
uﬂ?ﬁﬂﬂf) ?%Hrén% Botar RErEfic BN R/ peribRfas@ Begi@bations for
rate "1 ur bo- coder.” Wi |

ile the principle of
Tueticceqtat @i pgnickired trangpert bbckps on FISRPSCH gp Yyseveral dB for a

2004/0 13 PGT/ US2003/ Q3 3 and R5, the likely and
r&fﬂﬁee(’ffe%étﬁ‘é%‘fogﬂrﬂs%r%?s %c’d’ﬁgﬁgef fective code rat esy
(00881 2) , R Twse-codingeifophansd @gHS-DECHAt heavlydhipagted by
and the standard all ow ng. for ,%he, ossibilit %fh i
upfryoeshin prRCtRE@ERFAIEYS Flithy PaFiFY Bit& @P’&Fé’u_@/iﬂ §Rgseline
4R 1/{30'99§J0-43§E¥.) A %%SI%W Srightili WP BirdulabioresiRY Swere

I ndicate unusual I'y hi gh andrather unpredictabl e SNR
prwvideat imeER Deogtaxd atiaotls thesamd degredaidorsplanercur in FDD, the

P RO OO B 3 3 48
HONDEEIH Thespat ok divhgrdeid probbsitetiomtbiciibttioriginate) are

heavily inpacted by unfavorable puncturing patterns
dote exretlydbergme waxfor SeHEm94eHUt by the baseline rate
Tur bopgo b herfeihahaalt e Stihaliiftlso a
[%@&I ts 3%}?‘3 p?roﬁ\%agllt;%%lgﬁea%TDD cont exts, exactly thle
psebtemdeigh adakl ansludd o actedingisdeme. tifie useris aatighed agode

t hat, Tur bo- codi.ng and rate-matchin TS25. a .
Gy YIS W PR AR guPt M RERFg kel file will be
cBhBBAGHABA Fdt Uy e Gbh obtIAls 1@t a6hg kel eapadiigne exact |y

the sane way for both npdes. [Q067] The pogqrer tﬂan
(@683 ct ed Iperansthrn cabedimente adiugtpertss to sthy ppryy stream

r | i fai | g i I
AR e o ntegp o

spleebdgndesited tpomporidl ddrsimrmsaduttdnee offiie sehidduldyalecision. It

co nsat ed for.. wer ntrol t.hus.reducing.c .
e BY T RasR SN S tas Rl rBabint R e R i dbtergsin
thd§aRafiatohiss s iAUNS2AIR12Y822) | TutSetaneplbE cel imAtmeatting

Control - .Hi gh eed (MAC-hs) to sinpl )
modification to th% curl?ent F]SD standa)rd as set %Jr 1¥1 TS 25.212 is appended

hereto along with a brief discussion of why the modification is desirable.

[0069] For both the case of 1st rate-matching stage being transparent and
the case of both 1st and 20¢ rate-matching stage being employed, a number of
acceptable solutions exist to avoid the problematic interactions by means of

adjustments to the parity bit puncturing.
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sel ect any desired transport bl ock size as an outcone
of the scheduler decision. It would be required to
W@ kioglod1y3 change t he generation of the puncturP@mUS2003/038223
patterns in the rate-matching stages in TS25.212/222.
For exanple, one inplenmenting nodification to the
(70} ent KD of thrdarsdludingee-gf arsimplergagBiuethad, is outlined

BRSPS PV B RIS 0 ke

rm&ﬁa@hnﬂgsétagélb@m@&mﬁﬂpager&t age bei ng transparent and
t he case of both 1st and 2 rat e- natu% a% st age g
[QQ%H oyed, CHTERIADEP @gra%e 3lj5135cBPp Y 28R B@Pg same

‘&hﬁ oiﬁtﬁ%@ﬁﬁgg%ﬁﬁ&}?pé%@%rb%§ 1L 2 %@B%ut W of the

JUS arity bit puncturing. -
TR0Ex¢ ISP J(Faglﬁ@Tszmnng@mpm[x@uﬁ@g Ortéemyf “phasee’ can be
a}é‘g%lons a sinple biasing method, is outlined
in the |nterest of providing a conceptual

[@xamp! e fWheth B§asR&daptodeN@telisldesirad andbt isdetigntihedthat its
bei na t ranspar ent 9(EOO?l] Current].y di ng réat es >1/3

uge avillcreshsl nsAesrapsd AsploymaRCe, He sl ey lawek frdepFate may be
SQM{‘}% LI;E,V%{,%%& f’lhep 95;%& hbhy cfgﬂ;otd HA&AE t @ﬁ@sﬁhﬁ%dtch@e rate

o co gure 10 t hough
W@uhbbe,ltherigrgmt aﬁowablp laderdtte ME tbel tlquletwteddw@ 51 Zhlat has

articular code ra ired and it is
bﬁ%‘% g?fﬁflﬁ dipftavean a‘ifg%ta&fel ‘E‘eg{f%‘i%fct ‘in degraded
[GXe3] or MBNER,is desitdAEdria JyoMed tordg]owaideo Ii@alkdlﬁlrestncted use
sel ected to avoid the degradati on. Good choice, for, t

of witsdlableseadg retrgethenmeriopmange maybraestarerby medificabisn é'?the
p‘éggt%ré é%ﬁe}ne S@gg ﬂgﬁhotaxl\%gtogﬁéj g%g%pt agf‘ee 03 ﬁﬂ&hré?ﬁﬁurbo code

erm ne ad ation.
ii ﬂf)a?\aﬁd the cdsel wheimshhleadmlraving pariyylsiteard mvel:nbf mdruo:denlt with

e unrestri use of.. v i | abl e
rESR e O TRER o Loy SR eu HOMARE DALFEG tpfaprove
pEABrm PYRCIOKEwRR LS BERdmMPIRE theyiste séﬁ@lé)ﬂlier}ﬁirlty bits such that
Earfornance to the punctured. Turbo code is _to avo

HHhe painds ppreespopdingsioropevpmglevaperigd pi the sgpd- Iwafi}cympulse
rlérg)glﬁ%g g{%gﬂnhﬁd v@ﬁ;ﬁpaescitewt }El%s 2% fﬂo@ﬂmé %hhbhﬁam‘taﬁmg the

ncturing pat rove or nance
séine cody rite aanhmtrﬂvleﬁlbr d1$ﬁostmgtheoumzﬁnph1®y bf]’dquamqtyrmg over

its, s t hat poi nt orres e . .
Ko piebicher Ftrrtie T B paignrs P reib R iirdyine
paflgygﬁgpﬁpq Mdto.as few san‘pl es as possible while
mai nt ai ni ng the

[0074] It should also be noted that this method of mitigation could also be
. applied to systems with more than 2 parity streams. For example, the 3GPP

Turbo code (CDMA 2000) includes four parity streams. If a problematic

puncturing pattern occurs it can be alleviated by adjusting the puncturing rates

of each of the individual parity streams while maintaining a constant overall

effective coding rate.

[0075] In the case of single stage of rate matching, as used in R99/R4 and

in many R5 configurations, the problematic interactions between the Turbo-coded
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sanme code rate and not overly distorting the
uniformty of the puncturing over the data bl ock or
w@e@ans2igd overly | arge inbal ances in the nunbePCD1S2003/038223
surviving parity bits in Pl and P2. [0074] It should
al so be noted that this nethod of mtigation could
oaﬂpycb anel theppinadradotrepsmetied wPqUENeD OECUIR AR 1Rgims| Where the

%%%Spe%t%rng X3! e}e?trlg{ ?e:régnﬂg %l?ﬂ%ﬁ%ﬁ%@%ﬁg&fgg% gq(&gp)co a

our pari
nﬁilﬁﬁleufﬂm gnf atHedran avardgs 1iout obevene 3 pa\rtyelhedsthve

adj ustin the unc ting rates —of each o
(G078 vi dusThegard: dtiontyporaiorad o Fs fﬂtﬁ Fapbifs fegmario

réé‘b%&%ély ’Plfus%gé ¥ErrEQHnag thahe rabhRA7RknhRol NEa1aS %céﬁanos

singl e stage of rate matching, as used in R99/R4 and
hame teemymRsctoanttieg®N Btdeen@iatmhﬂethpndbnhrﬂmqeaarms Since higher

%%%%fﬁ gg%% /I}é%en tﬁfﬁ%g’z %tng}qi%dcto peﬁ %ﬁﬁgce degradation,

rmthéf)ﬂqdﬂ Bi&Al hhé @laﬁlealmmlm it congidgied ieraher e
the puncturi Hg pat t

are n eriodic . with
[QQ77i vi ngths dp&rtesat éﬁ‘a gentep Oﬁﬁwﬁﬁr gipssarsrdeermingd by:
when an average; 1l outs@fy every 3.5 parity bits
(@78l ve. @@97‘6@%%6\%@@5 correspond to
rank-1 and r an sc ?1 rl respectively. This case
corresponds to rank-1 scenari o. Rank-2 scenari os
have | ess i npact on the SNR degradation than ranggdation 4

scenarios. Since higher rank scenarios (>2) do not
@@hu fi cdbhd qltmhccrdetmtee Gl cp@%mm@r@@gﬂ@qmarwhenN

I d ra ard _
SR el b popA TR BB FredfFOR LA AR o -
719‘ 71!81%&3; emmr%ﬂcaﬁmme@ﬂ byr/11 [A@#3)..CR = 12
5N 2 :1 .. 1+ 3.5N Equation 4  [0079]

QQaOﬂ i cal il‘:hsaor@tlroa)f the mpmbernfseeisardis bifs aaldrtaﬁ Rluineber of parity
b?tg ﬁﬁ j%aﬂ’h%\l\iﬁﬁ% Wit dtPosY qnor@ gaﬂ Bkosidlen Y ‘/pﬁrl‘ﬁg ?:una%rrmg

e critical rates CR =
r&tbP 2When. suavigifgiyit pattkms Wmh pheive pORturingrate close or equal to

78021 Bk 2:3- b1 26 Okl SERBIAHD G POTTBUP G, Somp emountof
’_[‘?1%31 8&119% Lh typukrﬂlbfr']ué"ﬁjié ﬁﬁg}al:tlgﬁ WAlGAE QRuf Mhee&ethedS erage

unc
perlodlc1ty of surviving bits of the parity bit streams 1 or 2 is within +1 or +% of

7N/2 for even and odd N respectively.

[0081] When two (or more) stages of rate matching are employed,
problematic puncturing patterns can be generated by any stage, or by the
interaction between the stages of rate matching.

[0082] A closed form expression(s) has been developed for the Release 5
3GPP Turbo coder / Rate Matching that predicts the performance degradation.
The expression takes as input either the triplet {Bits Before 1st stage of rate
Matching, Max Bits after 1st Rate Matching, Bits after 2nd Rate matching} or the
pair {Rate of 15t stage Rate Matching with respect to parity bits, Rate of 27 stage
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rate”. \Wen surviving bit patterns with parity

puncturing rate close or equal to 7N2 (N =1,2,3...)
wae@406ad3 degradation in performance results.PSDIE2003/038223

anmount of Turbo-codi ng and puncturing interaction

W || al so occur whenever the average periodicity of

Rete Viapehing mﬂsre@peq’cﬁ@pmﬁi higslpiThe stimarhmas depintedin Bquation 5
thin 1 .or
WDAE P Bl e LU0 a7 grcpgrget
t]limtcﬁﬂﬁ@@raafoﬁ gm}iromdmg/ncgr gtdvahﬁgl accpplablel perfgrmance. The
atter ns can e ener e n St e
PRFATBR S T AP TRPERFOP ﬁles‘"taé‘é?ss dpiztedrnt ecﬁyﬁgr 5od stages of
r%éggﬁfzg%ﬁ;@&ﬁ%@sge%m%wﬁ bﬁ%@fe)an&awamh%i@lﬁaﬁeq the

ease 5 3GPP Turbo coder Rat e Mat chin
Fofwatiopibes 'acpwewha@ lipeat endreordnuhelg rﬁammqnon rl, rPlaad is therefore
tex SSI akes as input either the triplet {Bits
%@ ‘?age of rate Nhtchlng, Max Bits after 1St
Rate Mat ,_Bits after Rate matching} or the
Avaire)={Ra C[E = [ahbi2 §t |Ezr1f Ra (xzm{j_m e[ e Hhr ez ect to
parlty4b| IRat e of nd st -16 WD 2004/ 062113
PCT/ US20 38223 Rate Ma ng with respect to
pat 1y {1 [l oz | % RN
bel ow, ration nunb that nay be conpared to a
t hr eshol 9 acc ect the confi uratlon as
provi di n[?}/ of 1r21_ﬂ gpn@b{eﬂg}eﬁbnﬁjﬁ{_c@ﬂﬂﬂe
par anet e( s and r repr nt the rates associ ated
with the t and 2nd stage rate matchin
respect (l&It—h;éLnﬁaJﬂﬂguj_rl@rE_u ﬂpﬂ edrgnr 2/ hhaligh + gL~]]_nr2_|_|+1)l
conpl i cat ed;” t he atio is a piecew se |inear aod

conti nuous function in rl, r2 and is therefore
trivial to evaluate. L-1 A(rl,r2)=1a,i i - Equation 5
~rrlrnr2T-LLrrfnr2 ] (nr2- Lr2Vr 1rnr2l -Lrlrnr2l J+ n=1

(¥ 3%[ nr2 Akﬂfe@ﬁ%l&ic%ni:ﬁﬁ%&tcoul& B be ba[sed on thls qua'ﬁlolz to test

r21-Lrlrnr rrilnr 2T L rr4L
wireRkdime2dot] tie | Cade R4 te Ipaid will Berfdrin hdefudtely. Equlvalently, the

LrlL | -] 2 + . .

tiplen U P D vt ARt LSO ER A b tepine SireAfiey 2 Stose
Q8D tcBRB) et e JsbeRiree thﬁaﬁqal@ gyl dir®dlydbt®thd Qode Rate
test whether or not the Code Rate pair will perform

Pattequat el y. Equival ently, the tripl e: {Data Bl ock
[@%ﬁ St glg é’fh@taltf&ft of$he ﬁ&ﬁ&ﬁci@?%? t}i\@f)&ﬁ@tﬁﬁng%a%ﬁarﬁfcﬁﬁ falso be

mitigated by interleaving the parity bits before rate-matching occurs. In this
way, after de-interleaving, periodic sampling of the parity bits is avoided even
when periodic sampling is done in rate-matching.

[0085] The functionality of the channel interleaver can be incorporated into
the rate-matching block interleaver. This can be accomplished by adding
additional constraints to the rate-matching block Interleaver (those defined by
the channel interleaver) when the interleaver is designed. This however will

require an additional interleaver for the systematic bits.
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Rat e- Mat chi ng} can be used since this triple maps

directly into the Code Rate pair. [0084] The effect
wobootloe21peri odicity of the puncturing pattern PErUsi098038223

be mtigated by interleaving the parity bits before

rate-matching occurs. In this way, after

[@086] nt er |Nabe ithet, thp eedroaigenwatpf ’ﬂhngloufpltm‘@npd bits ynb’l rtegds to

is avoi ded eve C Ssa one

ob B HRERP RAL 0GRS PGt s SETBRRT Py LR eehin af the
rédiirSikb @AVRInE BlbcRE of HOT RdoainesldrNtTheréfofe, small time-varying
rat e- natch|ngbblock interl eaver. This can be

infetlonmits staadbeyaddedi tegtheamaity SitarteaBmwste prenentryoblematic
péﬁ&t%rﬂi%tp%te e[}g bfﬂ% ag\?\%en xtﬁazl\fg% thrg g%és %gé’z?ﬁl ardd lps

anne eaver nter ri1s
td- hﬁmnlmrzweueemswmim of eerindoamity diitie pmwltunnge rl eave r

or .the systematic bit 17 WD.2004/ 06211 . .
7 oo samphrB s BAAdD TRRLaT BopPelingstdipe or
paf iddee) Re '}_zi'eﬁ@flaiﬂé U}B&E’ctﬁhhg Sttt eRds Wil nd€igdte PBrfdrmance

range equal to th eriod of the sem -perjaodic inpulse

de@r@;ﬁ@ﬁg@s o@rteh%lChr@@mIéP er %ﬁEBdmﬁ]gld@ﬁ deadifiegtiqmal the rate-
mal'f{: %glgxggers iher ?1{10 dg%x%‘clﬁ%%mﬁ Bar ta@ﬁ%fe@&s throu rT§hout the

avers can
eRéRNPAL ofpthad kﬁm&&haﬂ:hu@ ndhuthingvayatthe rmanﬂéhels hﬁa:tiﬂgethe

advant age  of ui.ring | ess nenor d hel S
DR PATTREnARSY GHTE GRS O BCRlocaR e Jgn Higblock of bits

bRHRGT Nt RGd. BY@BIblvi a@aﬂl@’ée‘%ﬂ% & sh gBth B s tARGEn doBs code
vary as a function of tine é bit index) to generate
pv

rpten ceay bandiffeaentofrom thisatesinpd pverall qde sateeltheehn syeiding the
pungtu?fjn ger%ctlé%tev%ﬁif& ﬂtlﬁ M%aqi%{n%rthgggﬁ | &%Léiij ?{?de rate. For

tTon° 0 era g paraneters
efample: E) @iplus and Omiplksmpgr emiger fretihently h‘dlrbug]rtmlt the

execution of, the.rate-matching. In t.
PHRFAFEZ RGO B thus Preplsng gim, g{% %;lopg ranﬁ,ﬁ deleterious

pﬁﬂ@ﬁﬁgﬁlgatZ)maﬁfeté'fQ €ay DS hdrRE Withii thd dd@e RhRCK cBhnged so
bits Dbeing punctured.” By allowi ng the paraneters to

thdtait gehighkein sene nmetmmﬁ thoeude hlogkean agdngtinerer ent
(I)(Léy]n the ’ﬁ]es I bo%g (r)gsl. %re egg e%to?n{odgﬁ{a%%s ?%/g{leﬂiltﬁgturing

puncturing i nt erac ion e st
patiers as®l toenatdte epstific @ie ratesr Allexanmlethods)mey bé eomsidered

and e_m nus may chang freq ent | rou hout
spefek EAseR Godl SRR mengR gfgthl? (%/ gﬁ’a@ spacept of a
pleﬂﬁg‘haftiﬂ?lsof Che 9@!1&(1@1&1@%&&19 Uﬁlﬁif WdtRed of@ha‘ﬁ@ﬁ@ %te %ﬁcturmg
hanged so that the code rate is changed

pattern i.e., generating some permutation of the original puncturlng pattem, has
the potential of changing the overall performance of a code.

[0089] One can achieve the desired overall code rate while avoiding
problematic puncturing patterns by adjusting the amount of puncturing
performed in each stage. This method, when placed in the context of the 3GPP
HSDPA Turbo Code / Rate Matching algorithm leads to artificially reducing the

size of the virtual Incremental Redundancy (IR) buffer. In general the approach
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that it is higher in some portions of the code bl ock

and | ower in others. [0088] The above nethods are
wez@apbas3 of nodifications to the puncturing PEr/US2003/038223

used to generate specific code rates. Al such nethods

may be considered special cases and specific

inplikerenodification bf thehimdivddealgemetating oates of ea¢h af the stages

tation the unct urin ttern. Any nmet hod of
@ﬁ& ﬁgartnagdﬁ%a RerafPrgetur g%%g%%%ﬁem Tegults. ‘gener ati ng
(60008 per nBfagt Rate Biasingés edsilgiaoamplished by changiag tley operating
has the potentlal of changing the_ overall|l performance

pentd thayfe 2 PoUR ] STRR PRiRH OB EHitaYe of B StLicPER el & here
r
tHEPRod AL RO 1t BuB LT fnef] SRRERICE dARHR1S tolorable.
@(B]ﬂ or rredl‘hmcmﬂhlha’abagﬁadjﬁbmmg thet dtage pwhenripgaetst asrwell as
he context of the 3GPR A Tu bo Code / te ..
%r@ﬁpﬁa Taieg f PERTFTBEAR ths bp pF X:Ffam}s R gﬁﬁorwltﬁ?ée the
p%lﬁ@nﬁftlctlﬂﬁ‘er‘ébt’i&i’ Bétv&ééarmxﬁﬂtuﬂﬁ diRing Yarldl fRle Turbo Code
fer. I'n general the approach MD 2004/ 062113
PPGWﬁ@SQGGS/038223 inplies a nodification to the
vi du tyur
QR ha T 4G WL P AsiE R 85 RELARGT R opSiR1iBE 3R in to bwo
pofsll tGne [o@@Eé)]poBitag:enBapcm(Bi tasthegrdtes eAditl gnd 2rd stage rate

| h th ti t,(th
PR the TEONRT B et cm b oot BABE BhE tefgnd phrity
pitedi@edrh: €he Wf)@inté bigo 1l ddUelected §d fhatshe Qﬁ@ﬁﬂgé‘(ﬂi)e rate is

where performance degradation is tolerable. [009]]
uTickangadhibatit peintolie de jr@gommgf adseptablyperiumanse] wgd the total

ntru%rtlbeetsr 0 sugsflﬂn)gagi{;s ath & {h% t%tslt %Faére%tf??%ea%gpﬁnlgé H[)églgoﬂ dkceed

reans can
impobdEhmitiisGuchte nadR niffdret ween t he puncturing pattern
and :t he Tyrbo Code erformance. [0092] This.ca

QA oo Hhe PSRt G CRRe Papas (SRYOB! SHOHS s qficient

t@&irﬁ&ﬁes Q“%leﬁgctlhge aPGIAM S 288/ eSRRRER ot &&t@néﬁé §nefuring

1st and 2nd stage rate natchlng for the first parity
0

p@tterm fre &lme aaﬂdt}t h@ steeaordwgbput havngtth @vg@lcweéagod@ y'ates
B

e ratei1s an e
cofled e@irﬂﬁﬁsﬁénﬁafeeﬁéchhb& k@eﬂeﬁtllﬁﬁﬁgea paﬁd:utrhg pa)tttafn which

nunber of surviving bits fter the first s of
ARRE RIS RS X o B e tE & RIGh e caciated
d@gficﬁtrtxon[ﬁ%%gﬂrdlﬂﬁe Mtﬁ %E@ IndtEMBRLE b RERYEARS paR¥AE ahd the
s nmpl e and ficient
particular code rate
[0094] When creating high rate codes via puncturing, it is generally
desirable to distribute, as uniformly as possible, the bits that are punctured.
Using this guideline, it is inevitable that certain code rates will require the
resulting non-punctured bit pattern to be less effective. One such example occurs

when the non-punctured bit pattern is periodic, with a period equal to the period

of the semi-periodic impulse response of the recursive encoding blocks of the
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techni ques of detecting, avoiding and/or correcting

probl emati c puncturing patterns in the parity bit
w@RreasH 1 t hout having to avoid desired code PEI/®S2003/038223

According to the present invention, degradations in

punctured error correction coded transm ssions are

Tugbieragdery Anetgorithinigay usethiaidentify Phpvestiringinghiterns with

oxi es_a particular code rate, and adjusting a
gﬁpaﬁlgé g%an |ce%opat ed degradation in accordance with

[4095] mat cHinng mwirtithlar pmileddithient) op ahé énvergivdh, tthe capac1ty of a
articul ar code rate, [0094] V\he reatlng

‘@%%Uslsﬂegerguﬁeaf upalwémg P esiabat pye S@%&qrp%%%{ GWTRU.

Zﬁﬁ)h@iﬁx‘f‘g is %%e&'ﬂi featmd M)e%tﬂﬁb?ﬁif BitS to EbmtbtE Sbia! and the

punctured. Using this guideline, it is inevitable
omaﬂl code tatins adjdstedsb es t@/\pnomde@ql@fﬁcn@nit dyeor corregiiion Wablhty

@E}éﬁ’p t ! gﬁsﬁgﬁppat %“’ﬁ {;E}gee () uncﬁlﬁ(‘(l:{l% Srgug absl%tcm%]?ate Ina

‘s%ha%ugdﬁrnﬁfct@ﬂmg with a period equal to the period
of the sem -periodic¢ inpulse.response of the regursive
[QGR8ddi ng Mcerdiag dp thee presggt VY ety glepectpg, avoiding and/or

cg@éﬁ% chgig%ggﬁé %gfxgﬂﬁrrp %aﬁ@ﬁ%dﬁf paity Bit Q@rrehmrﬁﬂ'ﬂiﬂunctured

pURGT Ui ng Patterns wit
Toeho actd 1peuchmva®muﬁmufc 0095ig ma®1<{baiesw@blbapde rates. This is

SRS S 1RGSR DB 2B R i,

aﬁdmfble%dldléﬁtlﬁb@tlwakb1daﬂ'déeofplt®@ﬁiﬂsrdﬂh@lé.tivd]!ﬁ @do# Turbo code
reduce the nunber of hits to fit into the buffer, and

Perermaes; aahlclt@é&hffraﬁ'élt fromythe pricrars fitapmesuiipg sihsane. The
Wtioﬁ' (fersrf‘af & W4l Cérhﬁ“co‘f‘?&?lkahl dobYprisidg! "1§er5 QUdlﬁgsand

rst in afirst stage of puncturing and
p&acmmgﬁ]tae anlmleae a samotlﬂfum:’agmala{elqtmhmberbg’eel[l atm &leasure

Acc rd| ng to t sent .inventi on

R s AR B P AL PbBT-ARELE ROBLATRpipe the lower
rRet e NfenkPatandyt thebThrbdtdreadd: ®itd RPuitithedf thephsity bits.
codes i s achieved without having to _avoid desirable

Fgomplenpbmearnres of perfosmaned Hlonldybe HHWER) b erzer gate (BER),
rg(gg ?dT%I? g1 }:gx%re %100(;81115 %%Q@ﬁ%@g Rr.and enabl es

|on avol ance of "région relatively poor
[du9%o codEhe petrtémsnﬁmh@pumdtumhg rirg teated by treptivgantancoded

rior, art bit C ion

S PTiga0n RbR PPB AP T Rl oF B PE PR iy At
tﬁ@?éc@ﬁfe@ BAd, RUACIrbth&d flllkAtbifCte@® i@ pRidl 6f the punctured bits,

functional relati onshi p between any neasure

and the decoding operation is based on the received signal with the missing bits.
According to the present invention, the puncturing pattern is modified in order to
eliminate degradation which would occur under particular puncturing patterns.
In particular, if the puncturing pattern is regular or has a periodic nature, it is
more likely to result in signal degradation. By eliminating the degradation, itis
possible to achieve the desired code rate.

[0098] The present invention is particularly useful for 3GPP-coding, and
can be used for low chip rate TDD, high chip rate TDD and FDD.
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of performance and the effective coding rate resulting

fromconbining the lower rate code generated by the
waeroboeamzoder with puncturing of the parity bP€BHUS2003/038223

Exanpl es of measures of performance woul d be BLER, bit

error rate (BER), reqw red signal-to-interference

00 o ( SIRYe swrh exeauivle ofa SRRCA{CHYPPFurFELqTathconanspetctured

t C

ithpgaﬁge#]ﬂgé ﬁ%r%&g @Et% %'i‘%ﬁ §ﬁalbc¥ éﬁ% gé%d et%S TN gﬁr‘foghc impulse

r&PIRs©bf ﬁhbeecﬁﬂcﬁrdedcdidmg blogks of the Twebe Ienardeen(A.n azlgdsm)&m is

0 iller" bits are put, in pl
Pﬁ?}ﬁg%‘{]r edldf@pflév all pnchring Raigs o\w@ S0PR9eY pertapance.
A%ltti&?alfye Qﬁddiﬁgatfdnggﬁfhe%ﬁﬁbtﬁﬁﬁg PetirA8 iPipkSformed such that

According to the present invention, the puncturing
ppefbrmeance d‘thedm“bfegbdens sesteredt 0 el i mi nat e degr adat i on
h wo r under. particul

(2@105 erns Lﬂ/bﬁh ca § 2 Lﬂuncpurn?g %lﬁeeu%p% g(g {:' %Ec(l%{‘rﬁ élng erfcr)]milasnce.
If R guli@iradle ﬂ)&i& s&sm{ toosk glldveddioanalkd unRestii@ed uké kPdvwailable

to result in sjgnal degradation. gy e{)[ggn nat i ng t he
cergFatgatthen perfiormén%gsa@. g eestezed OFitRUNENoR @k fhepuncture
paRden § @‘?x@reﬁ&z@qgﬁ]m EQ?H]QE g@ﬁ?ﬁb]b Wgﬁﬁ&n't% be allowed to make

particu usef ul GPP-codi ng,” and can be used
lmmesttmtedommfraaradam@[aodh irgtesctlien peafoenibdice analy bODestorzd by

%%4/ 0 3 P / US2003/ 038223 [00991 One such

- BEPF&‘&?@F "Sccurs when the non-punct ured

[Bid1] pat t eXdapitsreodingdheand thit eethellly, efdahation isubtained from
tﬁe“ od of the sem -perjiodic¢ inpulse respanse of the

eNFBD\ihabindentay the shanneduaiy. Thrtrs @hthafethe gansmittor
aﬁ B8 itk bne rﬁhe %ﬁ %sg%ghér% ?Qfﬁ@\‘iérg VIt RS Bf'gdo? Beception, a
egraded per

tterns wt ormance. Additionally,
subsiahhahamoumﬁ redhmclnmy Iisuaddeg whicheendtsiin apyery lomnaede rate,

h 1 f rb
b TOBE NS CEOe of Gt e Ui g i gk b, RS, gror
preBdpglifer f or mance. [ t Is desirable for a syst em to

be all owed to make unrestrlcted use of avail abl e

[Q}ﬁ?és. t h’glp\e st aelely erdinagionmaeseduggydegp not 1nherent y%ake
iR Eétﬁﬁ&h% goﬁﬁblgf}%}%ﬂ ?)%Hiéﬁatlpﬁ(%ﬁglgg%;ﬁv%rb%eﬁ fisdd nor

I's deene Sira a syste owed to maké
showldsitr i Thee charseel «qﬁlahmus tipienltyobasedatre signah@awer and noise

t t f t
B keeal i proao R e ol RS al Bive hoen
puldeturkd  ini Af ﬁfdl'ﬁérhé)iﬁc I waybtlairafde fAMD v¢1henW|' Bbivieh&d avoid

i ndi cates the channel quality. Based on that, the
preblpmticicede rates. With good channel quality, very little coding is needed

and it is possible to use a higher order modulation. If the channel quality is poor,
the code rate is reduced. Therefore, a reduced data rate is used to providé the
desired error performance. The channel quality indicator is used to monitor the
channel quality and in turn provides input to the data rate controller.

[0103] Capacity is measured by determining a combined data rate to all
users supported. If one or more users in a cell are tuned to a problematic code

rate, then those users are presumed to require more power and thereby reduce
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adjusts its code rate anongst other paraneters. In
i nstances of poor reception, a substantial anmount of
w0 eduneanty i s added, which results in a very POWUSIHAZ038223
rate, but which allows transfer of data through with
t he reqU|red bl ock error__probability. [01021 The
cepaoiivel Iyuwatny yasestihamroblemstisceadims Tatsssargdnown or can be
depex Nene Q& {7%1 tthaé(ﬁwehﬂgﬁ) aﬂ& %ﬁéﬁ%?or% I?ﬁls §§1'bpé 1o dobid hﬁ% fit S.
punctu n used, nor §

O 104 Th e c’hlampﬁsema’ventyon ﬁrowyims @al dbylityats edien:t[fysm"g}v‘lam rates
it does not .take

Igége r]f'glﬁggg.hz%m Wely’ﬁl LII)téWd apd BesPORding tgé:b}ﬁ information

bR ARE1aH & thesB; r@teE’ Eﬁﬁéﬁﬁﬁiahﬁcéﬂ%yor dthaegiyp rr_ﬁné\h& Bé héhl@ﬂid by
Serve to avoid problematic code rates. th

detestingiproplemiatiy patierss ribyrusingd firpyla o t@é@j@fdatm ayeid. If
Cf%g s?r%sslslloolnefgl T Son%oéo} 'rtglé] %{I‘R&regle g%i%rg dtﬁ a&(gsﬁgl #a%g%ﬁ‘&mn is
prtdded at & rate Wbﬁh(igdllglﬁl}adifﬁtmﬂ. SThesiedultds,the piroldetnhmnte is
desired error performance. The channel quality
avpideat or is used to nonitor the channel quality and
(')ﬂ)t'%ur N piRMed@se | ARbschatinte dalkihlEaAl & GosHifiedtids to the
Capacity is measured by determ ning a_conbined
puaciaxrnm patternaided togenerabuismrsiicegde ratesnas anpligble to layer 1
agce r t
PR e LD FIPERHE o pR B B o ek ¥ifh the
paéiéé/nt hﬁ‘feﬁ‘h}bnr eﬁwﬂ@tlons?ﬂo Ve A0dile6AdskBibed are conceivable. All
PCT/ US2003/ 038 ity. Jn many casg
SPRloBEREPRTIEY Pﬁ@nﬁl‘gftrég il ReR g} e i blementations of
tﬁigtn%x@ a&tdeyi @oﬂcgf)’cs of Q‘{g%?ﬁiu@@tl@ﬁ‘ @f ttﬂ@ ]p%E ffind phftern. Any
possi ble@ to avoid these rates. The present
methed of mngmg/hh@emnawrm patterni i ne i maﬂgg pradpemmutation of

vance t oug SO I cal
tf?% So&%]a?ln 8“{1‘8“1{]ﬁﬂg pa I‘On', g5y HFe %nél\./a(ll) g’ ch%%ﬁggs R %verall
pefbfBaftd éfer codyaid B ad the 1ﬁterﬁ;ttaﬁm(§1‘axﬂé yerni'lliﬁaﬁoﬁa anflenethods
achi eved by _detecting problematic patterns or by
ofi SPREFAIEOT AN BeTERUtREBPE 0bEhe prBctuTEDRften Phvisdged in the

proAng %vc‘eﬂtﬂﬂl CAN b fi@eatRRE 29 Ergﬁo@&ﬁ&kt%% tRE B8sic hicept of

actual transmission is provided at a rate which is

the 1rg»h>nhyn@s Sé@péﬂuhera‘mebmwmtenwag%@ hervabhiathe amitjof the
avoi 0105] These are representative exanpl es of
Phoi F%a Yfs to the puncturing pattern used to

[@.H)(’j@lf ate Eig@% fli ghewdehe BIFER paﬁfoﬂﬁ@hd:ecéﬂﬁ differehidfi&DSCH
an ayer in the TDD and f_t
tlgg@@pﬁéﬂe@(% fipcrepsing size r4]1554 4705 and 1)858 glfasnr%rsppgc%{v%{]y IKll of

them are rate 1/3 Turbo-coded, and then punctured down to 6072 bits mapped to
the High Speed Physical Downlink Shared Channels (HS-PDSCH). This results
in an effective coding rate of 0.75 (labeled 7/9-), 0.77 (labeled 7/9) and 0.80

(labeled 7/9+) for the 3 increasing transport blocks sizes.

O—<

[0107] When increasing the effective coding rate (or equivalently increasing
the puncturing rate) of a Turbo-coded transport block on HS-DSCH, one should

expect that BLER performance degrades in a proportioned manner, i.e. gets
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present invention. Variations to the exanples

descri bed are conceivable. Al such variations may be
weongioganed speci al cases and specific inpl enePCHUSZINF 038223

of the nore general concept of a pernutation of the

puncturing pattern. Any nmethod of changing the )
imgraetinglyn gvoam tfer nincreagingly) clighen  effpciBaecosingn itates. on This

ufortiifl el 4ot 1k SBURR WG, BA LELD, b 8 A RALEILAIR that

angr’ng the dver ornance
therdte®.7TN(7¢)tcotled txmllspkde bhﬁkmebéé sames 3dBdnoretINRshawh rate

O oda BHeROTH TR Bve the BEP - LIAPY SHBURFPELRY SHE-

[@1h] 1 DT OMEBilsBn 1By LIE obRS 61 BONGARE RS is tR the perlotc)hmty

|nvent|on as set forth herei nabove are envi saged t

(périddi ;1 7} Wethermvitputodf thaéwo Juskepader pasiy borstrgagup @ given by
ure, 11 shows th BLER f f

cE R R PP 4P SRR, TS o SIS mcoders,

déiEsriandy #86&chd \kfﬁhlﬂié peﬁ@dlmejr yt thAlplunOifunﬂg'lpﬁﬂ:ame applied] by
1/ 3 Turbo-coded, and then punctured, down to 607& bi t;
the pereadiag W@epﬁtr@hr CBFR%?%PS BofamYasehal b effect is

e B P T 1%%%1&%%%% et B ) o
(@191 0. 80 In( thebehalpsey/ they folbow .t heitgple Mﬁeméemgatchmg block is
t 07] W
BT PERE HlovEsl the PR oLy A vAIBHEt S g A8 vt end
vAthE#] hhﬁdr@ﬁlehﬁdlﬂ")sdﬁﬁda&lc}u The ntxif eshdtsios ﬂﬁ'l’tiot}b taoek ithat the
HS- DSCH, one shoul d expect that BLER p m%ri
cH&gR RIS tIHDE Ifes Rading et Rélpgradatipn are @@3&0 om Rigneiple,
b%QQVgu%gé]qgﬂ%rep %At#@g Q&%Fgﬁ%ggéf pdr3flctasith %'e)talﬁéﬁ #fto fa@ount.
In er e

I ncreas ective coding . rates. This
[QH¥Hr t un a{t‘laaé gettiogs;f mttlcadlpwayislrhgxp@eﬁ isamdided m;dte MéC-hsin

e s.e te 7..(
A G e M R e
cﬁaﬁ@a &0 dafreht aBSRRrts BhdClould 1aski @teils pes &H&eﬁﬂ@spémﬁc
r oxi mat el%}éO% [0108] The reason far the ogservg&l

iepdAmBeRIEPERSWhElerthis anmea@exsmafeéaw theJgpl-yg tables usgd are
b1 U sﬁflct#}{% &%&M@MM et clpé'ﬂdléxyd&'igloﬁ arfedposed.
as glve se responses of the constituent
[ma]jl]w si veA]ctenrnabiVlely, criight encdifieatdons ded enagle tnghy puncturing

teracts Wi t eri od| ity of t nct urin
nsdieres A ERRBITIEN oy it HE "Cbc UG TAHGRRE HGS) KPorSRpgH in
TRGCNIoNERoS ITa@E6 ndodifltatlons @(ﬁﬁ&tut-émn%r @éﬁlﬁnfchaﬁge in the way the
i ncreasingly nore frequent faor increasi nzg2 y hi gher

rpimeatiiipg ppeanagters are generated in TS25.212/222,%e.g., parameters for
HARQ second rate matching, and more importantly do not require any additional
signaling.

[0112] Due to the apparent simplicity of the second option (slight
modification of the generation of the puncturing pattern on Turbo-coded parity
bit streams) and its transparency for the MAC-hs scheduler (simply selects
whatever transport block size is desired as outcome of the scheduler decision), a

corresponding change is made in T'S25.212/222 to remedy this problem.
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[0109] In the analyses that follow, a single R99
rate-matching block is assuned. However, the concepts
wappkpeamns e generally to R4 and R5 with and weeT081003/038223

i ncremental redundancy. The main concl usion for both
cases is that the critical puncturing rates |eading
[@3ENR d eBreapastibrens recupsive canvabitionahensoilensiin tlee Tuthgtcoder

u [ a_rather conpl . . .
B Ao G LR B B O BBl B LA RSB b Bioa
7P CHAEHiV tindd. € STHeS irApaitdefcdrtnihhpathdi@shef survitihg (Nedeon-
B, ich has the particul ar advantage thta%, [ k’ \A@ul d
pHBeturedubite 1B theremyy il tpare san steaAnal@divay Uidiirated by
&R PRV R SRR BE UldsE sulvRhBRARGLAN
e I'S approach is preterable, the | ook-up tables
[QEkEd ar e TloonPlsho-addr r petduicest | dnditorstyrsesd, bispstn@tles bits
schedul.er decisions are inposed. ' [011 .
P e TGRS T HSECRR £ mimer 4 ppstituent
cREGHRL Uah D Pariabit 8treemas (BEpel B d cdstitientCaiicodad).
rat e- mat chi nghst ages for HS-DSCH in TS25.212/222.

[GHdde nodNetedhet desorgiarent trearsne onyolttignal encodgeisan LTI
h ' . . i

it e L T

offih € hinpglseardpanze efithp @nceddr| yEad sloftedewusion drbhe impulse

addi tional sigpal.ing. [011 g.to t appar ent
&5nes Snpbengpod oDl an f b Phe 2B aPRAL Pl o
[@f1d)he gep&kat Pin@hirihBepddteral Uhhy gediat (©aN1088 of distributed
Tur bo- coded parit bit streans) and its transparency

informptien phonthe smeHeaomee! ity ag3pss theiserelditsinaanand the parity
: t . Ze.i '

3 FEBERS. K Bkl B S LA 0 £ gy e

Now ddnatde? tRé gitiblém of Eyagtotdeternpine bhesaven bis WPobservation of

004/ 062113 PCT/ US2003/ 038223 . [0113] Th tituent
R RN LA R BSRAT Bt HoARY B GRS EIE, Bl Ofor RG tAfie at the
0BPp Y isTH2ume b2/2 28h 08V thRf 7 Hitse THRW ERet ESPOAGE Particular

that are periodic with period 7 for positive tine.
obkervitipa it deserneiaed by thesuwisring bispesiod ond thegmmulee regppse of

tgggigcﬁ#gi@g)en%dt%mc he parity bit stream can be

atrve ustrated by considering how nmuch
[D1EBDr mat | Bor mestayuistire gadbeses,summs oviend differeny shbseds of the 7

[0114] The Tuyrbo-coder .praduces 3 bit, streans . .
WSt ararcunty 90 QaPRedh ol R poa et ghiT Sltissavith 7
Rdkhbivhs Riah 1t foeRel 1 (Ddubihg ShatlfeyCORSTindd#BNindependent, the
encoderfll and parity bit stream 2 (output of 2nd

e

vebrestdf thef bitsmeaxbe jletermined.

[0118] However, when the periodicity of surviving bits is simple (one

surviving parity bit per period) and the same as the period pf the recursive
encoding block, 7, then, due to the periodicity of the signal, every observation for
¢t > 6 is the sum of the same subset of the 7 bits and so no new information is
obtained by subsequent observations. Thus, a rank-1 system of equations is

formed and a unique solution does not exist.
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[0115] Note that the constituent recursive

convol utional encoder is an LTI systemon G-2.
wabeaeéane, the output of the encoder is a sunPOf/US2003/038223

shifted versions of the inpulse response of the

encoder. Each shifted version of the inpulse response

(@0 es pordden she heriddicit ofsmgviging hits 5ot f mulbiplers 7, making

0116]. Cert.ain net ur i may. nesult in .

o Gl R TS ABbb B PR e e Bgpations
a&gfer Bet&rabobagsatibes. SE‘bIl' ofir lbitﬁ’s gir']d"llp? RRisoik idﬁcip?if td gniquely
it streans. For, exanp| e, t. the TB cqnsist. of 7 hits
ApbATTaUR Hhabomafyingermmsbion s er fo gt th b s figFibuted

[ [y e seven bits by observation of
a%{@éls e E&v@ﬁpg gﬁ‘éﬁﬁ pitd!
[

e output o encoder after heavy puncturing. Each
QIR03r vat i s alad postible ikat somepdistrilited snforoatian sulostegven for
of the 7 bi.ts. The subset for eac ariicul ar
GBURPIR POHOTS Gr SPRTIEN ) CTta Tare O eohcses, Bafter
aBiaen 4188 bbfsns® smeFB PBEied of threbanf ot GiveeueRiett parity bits
bl ock. [0117] For nost puncture patterns, sunms over 7
pgr peEpdititlsperded s7df the 7 bits can eventual ly be

rved. e e - ' MUR With ¢

T vns oA FEufie tn.8 BHTTRn fuf R, pRSnllHd? ith two
shirriemy paritydeipe pelepériod. hEhe saineeggomenhabdveleads fmp Hank-2

detern ned. [0118 ver ,..when.t he periodi city, of .
s551601 047 cBiREETEhS | TS CHne U gAY Jyfpnine the
SP&lp FiEOBLt @d rbiReIREBINASNidiEoRBE kPstedhed ARy span. Clearly,

recursive encoding block, 7, then, due to the

spee infiraationorbautdhe i Tfhaay alseby lesisior wenrdmplgpurvivigg bit
gﬂ§§ éhe sum of the sanme subset of the 7 bits and so
patterns. . . . .
no new i nformation is obtained by subsequent
[0tz r vat | AthbasThws alternadivi-appsosshesrexift woamtid tmsprioblematic
for

d and . a unjque soJ uti pn,do not exist..-24 WO .
i o LA B DR BeD 58 DR T e, Hh Fate Tatching

sperdsodicity of surviving bits is not a nmultiple of 7,
maki ng observations of the parity bits will |
[@1281t ual | The eveidaneeefirpblenaticwictedng PREREDS igfansppproach

ever al. i b -hi t LSt f g
T L
degfatatihi and sideki wotente cartdimt eombivmtions for treapping incoming

di stributed .acro rviving parity bits. [0120]
tﬁnﬁpgrfg@@gksp%é%ﬁ %ﬁ@?ﬁ%ﬂ%m di stributed information
[bp2410st  exefidhfée wHAA eHhEPFuR Y REng Rolup talasthdeidentify

t he case where the non-puncture pattern ) )
the problematical configurations or evaluating the predicted degradation
expression described previously in the MAC-hs scheduler.

[0125] An advantage of the look-up table approach is that no change in
current standards would be required and that any particular implementation
could be left vendor-specific.

[0126] A disadvantage of the avoidance approach is that it is complicated
by the fact that there are several dimensions to the problem that will all play a

role in determining if a particular configuration will give rise to degradation.
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alternates between a sinple period of three and four

(two surviving parity bits per period with period =
wQR004f062123] This results in a period 7 non-punkCT/U82003/038223

pattern but with two surviving parity bits per

eriod. The_sanme argunent above |eads to a rank-2 .
nggtr@mréfth@s M- @@@gedtﬂnlswowlﬁ weqdgtodake intorpegeyntdnagdition
iﬁa 8n| quely determ ne the group of bits, but does

dtice t he di nension of the space they may span.
C ear| ¥1) trapsgrt hiook wet sies oBHBDSCHerdsmizgioal so be
| ost for non-sinple surviving bit patterns. [0122] At

| east twpnahiRe RAtdoei TR ARG BRts &% 198 stRe@ VR thel WIRU for
probl ematic | nt eracti ons between Turbo-coder out put

and purﬁéﬂ ain the rate-matching stages. [0123]
The avoi an(’:e of probl emati c puncturing patterns is an

h
punct uPHypet Sl RE e et Bty e, e Tbacys

0P Fspor o S0, Shees DR RECRDIRRSIIADEY Ao RS on

1ﬂ@féb€$r %ﬁrﬂﬁﬁbéﬁﬂ@héﬁn&?ﬁbﬁ% e&dés%huﬂoélﬁ%sﬁ fdrhk i (1 <i<29),
identify the problematical conf |%urat|ons or

a@mdaﬂlaatrarrsgowidoqimde &, Et<degradaa I'8R5.38%pr essi on

{52 avant e cbpo helrsent e iepiiSat fHEE b ent ik fiieg that

ifflafeea combinatiodrsf p‘ié\aﬁdﬁjf d@smﬂde&ﬁnq&éﬁ.ﬂ red and
that any particul ar Ierre ailatl on ld be le

[GEor - speee fybrid [Pgﬁ@ ng&l(&} lg}ﬂ@gﬁ:pla%ﬁa nymber ol; bits at the
O?J\g@'i}@tﬁﬂﬁ@ cﬂﬁlﬁ’ﬁeq A68ed ti’lg %taﬂ huhfbe? BF Bt SPHFedHSKP'D$@H set to

that there are several dinensions to the probl
winab the HS- ESCI—bisaytapped( dhe hytbrm]ezﬁBQ;ﬁunptqualityas controlled by

articul ar confi Lon will ve ri,.se, tg,.

e gratiniaten emoR Ul bitates: The Bektifssbhito gh thyoutout of
tRa h@pEH RN flirtivAGtiisdapehadon e vatber dfegshitthits] emumber of
into account in_addition include: (1) transport bl ock

oygputshibs apf R RYSOM ARk ssion; (2) nunber of soft
[g %‘g{ﬂ rmat i $fe RikiSd WRPRirtiBhEStyAHonkRes HERY AR -ma bR stages

and a virtual buffer.

[0131] The first rate matching stage matches the number of input bits to
the virtual IR buffer, information about which is provided by higher layers. Note
that, if the number of input bits does not exceed the virtual IR buffering
capability, the first rate-matching stage is transparent.

[0132] The second rate matching stage matches the number of bits after
first rate matching stage to the number of physical channel bits available in the
HS-PDSCH set in the TTI.

[0133] Definitions of notations used:
N™:  Number of bits in a transmission time interval before rate
matching.
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(3) nunber of physical channel bits allocated for the
HS- PDSCHs. [0127] For FDD, these paraneters are

wo apiioed1by t he conbi nation indicator for nunmPer/usfo03/038223
channel i zati on codes and nodul ation format i (1 < i <
29), and the transport block size ki, (0 < ki < 62)
i MN;S25. 321 infeegiatOeslculabiod aelable.i s one enbodi nent
of the present invention that includes a conbination
ofANgF evi olfpoyitives onibed of ity toikguepeatpd regdchthandmyiseiod time
ARQfU”ﬁx%zQ;'A%hWC?PJ&Rﬁ rid¥o ppf bits at the
out put of the channel o the total nunber of
bits Ibﬁegd‘nﬁiel-ﬁuﬁﬁﬁéﬂ-bﬁmts td)be whinctured én BRelDSEh shfission time

nmapped. inth&ah ¥R MreHARRth et sperpfoliyt I.s control | ed by
t he redundancy version (RV) paraneters. The exact set

ofANDi, 1, : aNuniter ofibipsito adjustt the laydthi of pARGY Straats dyain HARQ

dependsigabeateihind. | nput bits, the number of
output bits, and the RV paranmeters. [0130] The hybrid

ARQ, f:unct Totah humpec of it sthat afre awmilakde forrthe dH-MPEH aige T1.
and a virtual buffer. [0131] The first rate matching
stage mat ches Infdalnvatioerofofaniaigate bi tthe tmate trhatching pattern
| R deferaiinatiod algorthmn about which is provided by

hi gher | ayers. Note that, if the nunpber of input bits
déss not emank Haagipplegdn theryempatching paé%a@lﬁtqrfrynatwn
t healgorBhnx. at e- mat chi ng stage is transparent. [0132]

Th d t tchj t t.ch th f
peeal Lar {IDeTOREE el G Sihgta cofha e Pattern
phy§P'E,e§ml’é5I"Té‘?¥h% SOHER®- available in the HS PDSCH set

'rll the TTI. [%ﬁgJaPQles&Hﬁ%t%‘én@ aliff ﬂﬁ: ons used:

Nunmber Fansnt ssi’on | me i nterval

bef ore bal:Syst@h £ b, X 26 WO 2004/ 062113

PCT/ US2003/ 8’38223 AN An internmedi ate cal cul ati on

var i abl &=2:NIFt fJaFity:bit ffrqm$h¢ iipper- Turbotzenstitfuebt encaderk ex.
repeat e achtra ms ntine. interval on

Wi t h trgn% 3 payiby hlﬁ?fsram ti’#q?i‘@@a??@ congtitpsat 6890‘{5%4@
[693436' pun@&y ARG M%%Qﬁﬁﬁfﬁ%ﬁéﬁ QRall bBPerfbthed ¥thshme

transport f or mat
way as bit separation for turbo encoded TrCHs

[0135] HARQ first stage rate matching for the HS-DSCH transport channel
shall be performed using the method described below with the following specific
parameters.

[0136] The maximum number of soft bits available in the virtual IR buffer
is Nig which is signaled from higher layers for each HARQ process. The number
of coded bits in a TTI before rate matching is NTT this is deduced from
information signaled from highér layers and parameters signaled on the High
Speed Synchronization Control Channel (HS-SCCH) for each TTI. Note that
HARQ processing and physical layer storage occurs independently for each
HARQ process currently active.
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ANPARI TY : Nunber of bits to adjust the |length of

parity streans by, in HARQ 1st stage rate-matching.
woeooawez113dot al nunber of bits that are avail abP@r/182003/038223
the HSSDSCH in a TTI. eini Initial value of variable

e in the rate matching pattern determ nation
[8130r i t hrdf Nyl lagrleﬁteweﬁhémorcﬁqu@bnto AT (ee.iall eostedy bife of the

LR ] SR EL AR LI PB4, e e

tetisparémalhieran) fopexdiple, s adhmﬁzedﬁy&sttﬁ)@dnﬁﬂai OcNatedhat no
parity bits =1: Systematic bit, xk . b=2: 1st parity

TBPqtltéqflf@rﬁeFf?ém%?éper Turbo constituent encoder), zk.

[T 2nd H'Nzktlé'sx?bflel(ﬁfaﬁwmﬁl Rdsmtry bitEReameRRE phik&Rted by

encoder separation

skttigd the ma&hﬁhﬁchh% eeahetaredV I 'n= e ¥dievhevatheasibbiripts i and

separation for turbo encoded TrCHs. [0135] HARQ first

lstfegdo tetnepomitahlainngl 4ot trtahepdaiSchS@H inrtémgp&rrenc@ﬂasrmheﬂause

N enSR T OITG SpBEreeitt "PRPafitt are Taldasg Rements

PRRELUTRB. 'Biﬁ:té%lec@éd ﬁ@ﬁﬁn&hhﬁg&ﬂﬁéﬂ efir b§5 sl bd dibébated and
IR buffer is NIR which is &gm hfromhlgIher | ayers
Q'Flg

rob coweietl iR R des bhe éﬁh@m@ dhe vivtead IR huffern a

bef t chi

PR e B5) SRR S b pAbBrboe TS Reon
shiafala ?ﬁh@dﬂ Thbex Husg@ed%ﬁﬁﬁca‘fay Bﬁétemauzmipnlscpmtryozb_z) and
Channel (HS-S for each TTI. Note_that R%

21 pRdyhing=an dT}pﬁWmen M ermsivihegbapge if length to the parity

d dent | tl t .
S ST HEL P BT VD00 CRROTFS [ 0107] 11 N R 15

'lgfeef?ttsﬁétég@%ﬁté)ﬁa%]ﬁ dbRa MW ddlcylhted astbolloweded bits of
the corresponding TTl can be stored) the first rate

ma¢ c@gn %@Q%ﬁ@@éﬂfo%dtransparent This can, for

exa achieved by setting em nus = 0. Note that

noX,- = W’?t/%ﬂ;l oan'zi ————Lp%@m@;d' AN

i

PARITY=O; Opp =49; a=1

while{a < 4)

[7-05-PR+1J
L 2]

7-a

round =

A= PR —round

1 |/1|>~—1— or| PR>—4—8 or PR<—1— then
Opr 49 49

a=a+l
Spr =98
else if (1 > 0) then
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[0138] If NIRis smaller than NTTI the parity bit

streans are punctured by setting the rate matching
w@asoanexies ANT = N,R - N where the subscri pt sSPCT/a81003/138223

refer to transport channel and transport format in the

referenced sub-clause. Note the negative value is

expected when thg rat tchi‘ng i nphehents

punct ur i né.Np,Bjnt?,[ ﬁlt/gg‘go‘r(’%ﬁcwﬁg whi ch appear
as 8 shall be discarded and \not colfted in the totals
for the streans through the virtual IR buffer. [0139]
If first §‘t"‘a§e puncturing is to be perforned, the

pro (gure bel ow shall be applied. Index b is used to
indicate systematic (b=1), 1st parity (b=2), and 2nd
parity bit (b=3)} The paraneter ONPAR\ [z, : is the
change inAWgﬂg;huk—mNZ,ﬁ’e'z Xii{younaw—ea to circunvent
probl emati ¢ puncfuring rates\ The fde stage rate

mat ching delta is calculated as follows: if
puncturing=% to be perforned TTI ~,° = LNTTI /3JI; PR
=L ANC¢/ 2. AVPARITY =0; b PR=49 ; a=1 X

whi Ie@‘jl(1 < 4) -L7aPR+2 round 7a A = PR - round i
IAl > é,hq{e PR > 48 or PR < 1 then SPR 49 49) a=atl
UPR =(3) €l'se if (A > 0) then -28 WO 2004/ 062113

PCT/ US2003/ 038223 PARITY L i t / 2_- Xi . round - 1

SPEV‘ A ARNBP | ANy b =2
TS AN 12 T AN gy b =3

a =2 when b=2

a = 1 when b=3
[0140] If AN, is calculated as 0 for b=2 or b=3, then the following procedure
and the rate matching algorithm shall not be performed for the corresponding
parity bit stream.
[0141] For each radio frame, the rate-matching pattern shall be calculated,
where:

Xi is as above,

eini = Xi

eplus = axX;

eminus = ax l AN; l

[0142] HARQ second stage rate matching for the HS-DSCH transport
channel shall be done using one of two possible methods.

[0143] If second stage puncturing is to be performed, and the Composite
Puncturing Rate of one of the parity streams, calculated using the formula below

falls in any of the intervals [91/128,92/128], [217/256, 222/256], [231/256,

9.



PARITY = ANNTTI / 21 Xi round + 1 SPR a =5 end if

end while ;N L ANNiTTI / 2 PARITY , b =2 F_
WO200d@mh3 | 2 PARITY, b = 3 a=2when b=2 a=1whroI/D$B03/038223

[0140] If AN, is calculated as O for b =2 or b =3,

then the foll ow ng ﬁ)rocedure and the rate matching
23P47561 ,t[2$ﬁ/§ﬁ©.|238f2ﬁ6 ble[4§%/|5f18r48§65%rthelhpm@un@gpﬁﬂmt pgrity

st r.eam e
P! Yl RGN e e SRk S AR Sttt or
niefthas ofkldMvifvo pAiityl stFeakhs, ®pt never dxtkie syet‘énmﬁc pardby straiivh.
[0142] HARQ second stage rate natchi or; t he HS- DSCH
transport channel shall be done u&gg M,plt 0
ossi bl e methods. [0143] If second stagg™ppnct up?'r‘?g IS

WH4e perCompesite Rractormediatio GHi= AckUri,ng Rate of
one of the parity streans, cal cul at Q_\L’iu&_al@_r_h'f,b=3
formula below falls in any of the ilnteMal3

95831 062195 eksRS908 A3y 13 Bpis ey g B3 psGhltraiiport

cR3BASHa10be 4R fwith2the48Bovoihg] spetifie hapshimetdit] Bls @lected for
that parity streamshall_ be g}grforrred Not e

pmm’mmwg U phReatany Pehabie dncanded anek ate 1@9‘5 coy@itedh g the

eans, but never on the systematic
E F{Syt"%VtaF%gﬂ% e ¥ eSaBRa": Nr,Pi b2 [0144] Conposite
[FuaB]t ur i NTh&phidmeteRRoftHY s'EcoﬂéBrate matching stage depend on the

value of the RV parameters s and r. The parameter s can take the value O or 1 to

distinguish between transmissions that prioritize systematic bits (s = 1) and non
systematic bits (s = 0). The parameter r (range 0 to rma:-1) changes the initial
error variable e in the case of puncturing. In case of repetition both parameters
r and s change the initial error variable eini. The parameters Xj, eplus and eminus are
calculated as per table 1 below.

[0147] Denote the number of bits before second rate matching as Ngys for
the systematic bits, Np: for the parity 1 bits, and Np2 for the parity 2 bits,
respectively. Denote the number of physical channels used for the HS-DSCH by
P. Ndata is the number of bits available to the HS-DSCH in one TTI and defined

as Ndata=Px3xNdata1. The rate matching parameters are determined as follows.

[0148] For N

data

<N, +N, +N,,, puncturing is performed in the second

rate matching stage. The number of transmitted systematic bits in a

transmission is N =min{N } for a transmission that prioritizes

t,5y8 sys ? tlata

systematic bits and N =max{N —(N ot N, )0} for a transmission that

1.8y data

prioritizes non systematic bits.
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NTTI/3J-Nt,P2,b=3 NT /3 [0145] O herw se, second
stage rate matching for the HS-DSCH transport channel

W@ ba@klo6tie3 done with the foll owi ng specific parBOBUS2083/038223
Bits selected for puncturing which appear as 8 shall
be discarded and are not counted in the streans
0d¢Rr ds t Ber Biu. T &i biY,. Fepelitipn Fheerfamesdn shesegond rate
the_second rate .ymatchi ng stage %]ig_end on the _ val ue of

piching sfagedetigrilarsepetition rapp in l prhshiegmsds aghieyedday setting

the value 0 or 1 to distinguish between trazgm ssj ons

thidaunidrof tEdnehitied tsg ot &ictbitsSto( S, A;q)zvgg j
systematic bits (s = 0). The parangeter r (NangéMg, to
rmax-1) changes the initial error variable ein,i in

[OhBO0lcase Thepunember ngol | Pacidge bits r eipet iat | dhagromigsion  is:
par anet & r and,s change , the initial error variable
in_ dap 3| eny X, gepi a 2MyNUS. (R €

1y oL g B o, S8 LS 0 ) o
nunber bits before second rate matching as Nsys for

pdrityslysddepatityc2 bitssresplpitivielyr. t he parity 1 bits, and

NP2 for the parity 2 bits, respectively. Denote the
nunber of physical channels used for the HS-DSCH by

P. Ndata is fhe nunber| xof [QJf,s alaihabl e to jthe

HS- DSCH i n on%&t&nﬁﬁc Zg'ele(}ed agvl\ld aﬂPx XZVdat al.
“fed

e
foll ows. [0 | For N, lata < N v+ NP1 + NP2
puncturing i s Pegkydr medVjn Z-H‘éplse@dwa—Nggl}e mat chi ng
stage. The niidPlof tirangmitted| systematic |bits in a
transm ssion |iPariy 2, ¥, . N3 rrjq;lz{l\b/ LNﬂ_IWt, ta|l for a
transni ssi on | ®MPpei gritijzes syst’ématii’c bilts and
N,,,V,. = x—N—F(NPT—+NP2— )0} —for—a—transm ssi on
that prioritizes non systematic bits. -30 WO

2004/ 062113 RAT/AS2RQ84H3G2AB R k48 riRermitdhata >
+ N p2 repetition is perforned in the

N, ys, + N pl [ )

@é%ﬂnd r af ablepheboepmamagiges Mesresitlting pasengter shoipytos the
ooy BTG 1 M e s 8 B
dddhtlat Mryam aecdlipl oGbs®V parmmmetetrer axnd spaiig y bits in

%ﬁ &5 %?@’g{— FQ’ I(egd? -/|-’I3n§vdjf lj‘\llﬁ?:d eg,E§+ MI? %}?e 6as|élto?¥)hﬁcfuribﬁl\lg ,O and
ie,Ny, <N, +N,+N,,and

e (N =X, ~|(s+2-7) €, (2 1) J-1)mode,,, }+1  for  repetition, ie.,

The rate mat @& par gnet'ers¥are tSe—?&ﬁ as

Ny >Ny +N, +N,,. Where re {0,LL ,r,,, ~1}and r,, is the total number of

data
redundancy versions allowed by varying r. Note that rmax varies depending on
the modulation mode, i.e. for 16QAM rmax = 2 and for QPSK rmex = 4.

[0152] Note: For the modulo operation the following clarification is used:
the value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9).
[0153] HARQ second stage rate matching for the HS-DSCH transport
channel shall be done with the method described below, which separates each

stream into segments with specific parameters calculated below. Bits selected for
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parity 1 and parity 2 bits, respectively. X eplus

em nus Systematic N y,, Nsys, | Nsy, - Nt,sy, RMS
w@20040%2113 NPl 2. NP1 2 INP1 - N, pll RM Pl_2PCHUS1093/@38223

Np2 Np2 INp2 -Nt p2I RM P2-2 Table 1: Paraneters for

HARQ second rate matching [0151] Table 1 above

Bntaripg eehiclh @ppeaiuhs origaplaba fiscerdedrasid arg aet edqimted in the

econd, r at t tage. The rate matching
%ﬁ?aé%jf éf‘fargfsﬁ' g@cgg‘?%{j’%t ed for each bit stream

[ae54r di ng)rhteq)atrttg d&éa@@w&mm@egg;ﬁemd ifitdISi degnRints, the first
(r) {(X rmax J-1) nmod e pll,s }+ 1

seament vilde I@ﬂd‘b uﬁ@tf &h‘? ﬁ@st Kseqt bits, o the pertstrregps the seqond
s;%%"ga.enr'él.wgﬁ ]b_e nﬁg r‘rgJ Fid flg}ﬂtjisegz thf lg(n%rﬂeig é;%sltts%%lﬁ’gnﬁvg ]?e made

Mbﬁﬂmrbnﬁmg&&ﬂ?bms Np2 . Werer E{O, |I,L, rmax
- l}and rmax is the total nunber of redundancy

055 ons ahkgwersdgynend iy dagted bNdte iehat.semax vari es
depending on the nodul ation node, i.e. for 16QAM r max

= 2 and f gt BRKdI¥B¥emt B %ﬂ%Z{:x;bAotex =g, the nodul o
operation the follow ng cf’arlflcatlon is used: the

val ue of &L ¥ iMeedisRee b D65 £ ANGE 10T X,Q,
toy-1(i. %d%ﬁgf%gaigégﬁ%t@[més]g HAR(isec:)nd st age

rate matc for tike, H820SCHS faps aba H§L3 -s Natlod 98
be done w fhe method descri bed bel ow, which

BeHE)r at es N If XSk [R80hAN9PosIgGHB tHiSd ¥édrhertRRwtE iad if Xiis a
parameters cal cul ated below. Bits selected for -31 WO

rzgtmlee)i 83 timorthesiond segmeni WlElh?C?@PFBh of unthencagspehere a
i fRaklmBf: 4 dad nafdod Y i &Bfed that
rlelallms t%m r%% t blﬁ?mcol ect [ o?fsmfc 154 ? 'I¢1e parit On .

mttre»aahewt bégrbaltsegrrent ed into 3 segnents, the first

nt wil.l.be deu of .t st Xsegi b .0f L he
BIFTEY st Pedinah enatinte fos dEARRCSH AT R Mathifs sy or
t he RmeKlemt&IFulttlSng dadst he | ast segnent will be nade
;{ of the remainin %(segs bits.

[0158] Parameters P, Naata, Nsys, Np1, Npz2, Npit1, and Npye are calculated,
additional parameters are defined below.
[0159] Denote the number of parity 1 bits before second rate matching after
segmentation as Np1seg1, Np1,seg2, Np1,segs for the parity 1 bits in the 1st, 22d and 3+d
segment respectively. Denote the number of parity 2 bits before second rate
matching after segmentation as Nps seg1, Np2,segz, Np2,segs for the parity 1 bits in the
1st, 2nd gnd 3 segment respectively. The rate matching parameters are
determined as follows.

[0160] For N, <Ny +N, +N,,, puncturing is performed in the second

data

rate matching stage.

[0161] The number of parity bits after segmentation is
N o = 42N, 198 ]
N ysegz =56+ N 5 198

230~



[0155] The first segnent
xi,1" xi,21" Xi,xsegl The second segnent by xi, xsegl +l
woRmehs2 xi, xseg2. And the final segnent bRCT/US2003/038223
Xi , xsegl +Xseg2+1, Xi, Xsegl +Xseg2+2 \Were X segl 42.

LXi /98] Xseg2 56 LXi /98] Xseg3 = Xi npd98

[0156] Note: If Xi Ngl.esy,tthedP88 only the third

segnent exists, and if Xi is a multiple of 98 then

[blf§2t hi rdTﬁggfﬁ%%er Lol ?%bﬁ;m%acﬂ: glﬁ&?c fgf‘f)gnwgrb?tSQb—m
partl cul ar segnent i § hen of” course”no
q:rlmommlryl%gts(b ﬁbrsfor med on that non-existent segnent.

i s denoted by

[0157] Additional paraneters for R%@jec nd Rate

Mat chi ng Stage for »problL ﬁ%tlym .rates

[ 0158] Paraneters PN"’MFélt , Nsys/, Npi, KI ; Np, ti, and
Np,t2 are cal cul ated, additi onal) paranet ers are

defi ned bel ow. [015]9] Dengt’® ¥he n’b%cﬁ'_Ldf .parity 1
bits before second Tat¥’nmgt chi ngv af t er ment ati on
as Npi,segi, Npl,seg2, Npl, seg for %E)e p%)ltylbits
in the 1st, 2nd an @P’W_ 'P’rées ctrefel y. Denot e

[Dhé3InunmbeThefpayamietars Xibegs al@éf oines e caluladed as per table 2
tching after segnmentation as Np2, segl, Np2, segz,

%E‘f’f"segs for the parity 1 bits in the 1st, 2nd and

3rd segnent respectively. The rate matchi ng paraneters

are ] s—follows [0160} For Nttt <
Nsys -ﬁsmam E%ngem AGt ur | Prisi s pef®rgramed in t he
secon rate tching stage. [0161]| The nunber of
paritySpstesaaf t er segmentativn is hgb sayg| 4
=42LNPbic98] N pb, seg|2 = 56 “ENPV /o8] 8% wo
2004/ 02183 PCT/ US2003/ 038223 Npb, seg3 = NpG npd98
[0162] The nupber of [parityobyts |n edgh seggent if or
parity 1 bits|{8=2), | ah®¥ pari t'y*'2bj t 3 €'5€3) R=liag |
NI, PG| p |-NPG B8}—1Nt-pb-segl N+
RMW 2nd plseg2 3'.1\[!’1”‘682 2"Npl,seg2_Nt,pl,xeg2
P1_2
3rd Npl,seg3 2'Np1,seg3 2'l‘zvpl,se‘(g:«}_]Vt,pl,seg3
1st NPZ,SE.N NPZySf!Sl ,Npl,segl—Nt,pZ,xegl
Parity 2
RM y ond NP2,S€5'2 Np?,,segz ‘NpZ,segZ_ t.p2.seg2
P2_2
3rd Np2,seg3 Np2,seg3 lez,segS—Nt,pZ,.\'egEi
Table 2: Parameters for dithered HARQ second rate matching
[0164] The rate matching parameter ein; is calculated for each segment of
bit stream according to the RV parameters r and s using

e, (r= {(X P~ |_r “€otus | T _|— l)mod € plus }+1 in the case of puncturing. Where

re{0,LL .5, —1}and r,,
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pG 49Nt, PG LNPA 981 + 1 Nt, pb,ses2 - NPG 2 r1/ |

Nt, pb,seg3 = Nt,PG - \Nt, PG segl + Nt,pb,seg2 / [0163]
wab@4pexiadret ers Xi, eplus and em nus are cal cuPEr/@8208%038223

per table 2 below Stream Segnmen Xi epzus eminus t

Systema Nsy, Nsys INsys - Nt,sys | tic RMS 1st

Wavingegl Mote thob rsegtares, qlemfepdgggq)n the\masiulatéer mode, i.e. for

1 RM2 N 2 2. NpI seg2 2, |INpl,seg2 -
@%M%@Z%I n@gf 6;%6%‘1’“ "S€g3 2 Npl, seg3 2 .
[loB5], seg3 Noté\ltFoE |thé &Q)'Billlo dpdratipg the gilloNﬁﬁg Gbgfﬂcatmn is used:
INp2 segl - Parity 2 RM NP2,

ey (K wpfbmé@ﬁrw BNEHB? 28G9 of iﬁtzyzl (BPd'lNBQd 38539% The
o PR el R0 LT g By BEp R} S
l0aéel mat chi ng paraneter ein,i is calculated for each
i R e R RIS R T e
okilbll f6PEach ¢flthe thiet sbgtﬂén}:@ 8he @ﬁﬁe%fplﬁtiﬁ‘téﬁ%tgﬂlt@n}:s\/mﬁﬁﬂd be
,,,a" 1s e tota

Wﬂa‘éﬁdﬁoé@t@ﬁﬁ%ﬂ}ﬂv@?@%ﬁ@r@l owed by -33 WD
PIBYY 002148, PCTLLR003405002 3 val Yl - NOTealligha by

vari és dependi ng on e nodul atron no

iQWo [eW ‘xa AebZN and Xf 9;21’@%'5(’ I m)ﬂzﬂ' 4 'xo ,5eg3,1° a ,5€83,20°° ‘xo ,seg3,N

f,plsegl 1,p1,5eg3

[0169] The HARQ bit collection is achieved using a rectangular interleaver

of size N,,,xN_,. The number of rows and columns are determined from:

N, =4 for 16QAM and N,,, =2 for QPSK

N :Ndata/Nrow

col

where Ndato is used.
[0170] Data is written into the interleaver column by column, and read out

of the interleaver column by column starting from the first column.
[0171] Nisys is the number of transmitted systematic bits. Intermediate

values Nr and N, are calculated using:

r 1,898 r col *

N
N { “”JandN =N —-N_-N

col
[0172] If Nc=0 and N> 0, the systematic bits are written into rows 1...N;.
[0173] Otherwise systematic bits are written into rows 1...Nr+1 in the first
N¢ columns and, if N»> 0, also into rows 1...Nr in the remaining Nco-Nc columns.
[0174] The remaining space is filled with parity bits. The parity bits are
written column wise into the remaining rows of the respective columns. Parity 1
and 2 bits are written in alternating order, starting with a parity 2 bit in the first
available column with the lowest index number. If the two parity streams are of

unequal length, Parity 1 and 2 bits shall be written alternately, again starting
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[0165] Note: For the nodul o operation the foll ow ng
clarification is used: the value of (x nod vy) is
w@ReHo6dly3 in the range of 0 to y-1 (i.e. -1 noPICOS2003/038223
The rate matching algorithmis called for each
s.%rrent of the parity streamin turn. [0166L [01671
Bh agarity gt rpty theenssof the sherterparityistroam, shemithe remaining
I of the three
@A HH%S {E]haﬁleqﬁg%r S%%ﬁ%f%?%gﬁ%gg%%s shoul d be
Eﬂdﬁi&]at enafledhé ogwt df éJGQAd\/Itfbneeachocrohgnn dhe bitdewre rl 68 of the
%ggrgéa&e%ﬁrq ol e téggw gl {0\; ;r%gv :r%}q tﬁ ﬁgs)g' of QPSK for each
col@nI8e 2?)’11:].5 aﬁ'e )f'@adS &Qt?of%he 11¥t‘érl%§ﬁé’r 1|H the aordelgnowﬂ row2.
X0, segS e X0 seg3 2 ~ X0, seg3, Nt, pl, g3 [0169]c
[PA&6] HARQ whendbeleaalsisisofithe aate maotdingisage was restricted to the
é’l?l%r% \gﬁlch@flgfﬂaﬁ%y e HS! fD§¢ﬁ ﬁ%@ﬁ1%\?%ran rent it was
I OWS nms ar e ernm ne rom
shodvd thrat 1o pdrifarnoh e dmglradﬁtlbn mr%ﬁom infslehaiction bbtvmun the

%{f@ﬁﬁfi&%ﬁe :g%qeus et%hv[ 017 ang %&%@m&fﬂiﬂfg tﬁe turbo
sth Q&Y. FAVEArt Al RY¥s GRbWANEHSE %&t’dh@%%B%étReccfderﬁttes, the
col um. [0171] Nt,,,yS|sthe nunber "of transmtted

Bopierrein thepnminctyned bitedtresme) of variesr (Ne. monopuketared) bits lie

ARG Gp Mt pBlivoNPwien & ol 6’7 M ping e Y8 celonts of

thiet i@ cturetit etreamt oltr As been Ndemoh&taizd ©Chher pérf@mance

yst rratlc bits are |tten|ntorovvsl Iggélnthe
Geradationy ate AL Al the satpe meghaniswowhep §he stage is not

tl“ansﬂ\l’rehf‘ the remaini ng NNoi - Nc colums. [0174] The

remaining space is filled with parity bits. The parity
BL7E are Inthe follawing dasaripiice, 4 ‘Pupcturéng patbémi erﬁmd tobe

B, D IPEE LS, PRI TR BRE hothoc Hhed o DSRE ctngam.

noin er na I Ng ora
Huncturihd Rafe”rls ﬁeﬁﬁmhtd bé)tlﬁ: &inmml of tlba ﬁﬁmbbmﬁats betvveen
inde}x nber. é |ty streans, are_ of

RIS leﬁailﬂomfv p¢ P§1V$ 0 Q‘Hl’fﬁttl ftHonsd ithe qriginal bit
alkdpgrnately, again starting -34 WO 2004/062113

PCT/ US2003/ 038223
[0178] In the case of two-stage rate matching, puncturing that leads to

degradation may occur in two ways:

1) A pattern arising from bits punctured in the first stage only

2) A pattern arising from bits punctured after the second stage; this

pattern is dependent upon both the first and second rate matching stages.
[0179] In order to avoid either of these puncturing mechanisms that cause
a performance degradation, the following methodology has been adopted:
[0180] In the first stage, test whether the puncturing will cause a
problematic puncturing pattern. This is achieved by evaluating an “implicit
duration” function, which predicts the length of periodicity in the puncturing

pattern. The first stage rate matching is only adjusted if the calculated implicit
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with a parity 2 bit, until the end of the shorter
parity stream then the remaining parity bits from

wo b@4loaxiger stream shall be witten. [0175] | nP€TeSmayess223
of 16QAM for each colum the bits are read out of the
interleaver in the order row 1, row 2, row 3, row 4.
fduration ingdicetesta TpeRsifn Andhisiease she gmouné obbits paneturedin the

?gstlt_}p%}fc %ﬁhl?lﬁg liljlc%a¥s%rd s'h%h#lg) e\ﬁﬁﬁ&%@ th Q¥ cJOHd ﬁgreagl thg number

e an era
i8a gorresgiondiigh de@réd&ed slightBht i Dhnisi ha&Wl’tih@ heffévt éf Ehifting the

st age HS- DSCH,r tching s transparent it was
BRRGHTIPR afatesh &n 3@?1933? By Z@?aﬁa 301 BALAI T ceriadagitaihilst
kBdRhaehé UtabAVRER of BRncREEA BHsGihbYsaie. 1R 44 h?tm%nt in the

matching pattern and the inherent periodicityo
purdivringrmadelin eath opthe slredme is kepwsieffisiendly srhall tatleave the
| ematic at es n&ﬁguﬂp05|tlons (in the

corherdgg It}'oréréa%ce 1nseta?§g%eagrﬂsurw vor (i.e. non

fouser ur ed)inbhé sedond sthge, ah@ngRete Pastiuriis fite I@&Séetch@ﬁﬁeam
wi.thin a nodulo 7 period far Iong segnments of . th

trpRs 136 Ep Yy A e s it B3t ieapiefiont at the first
Errt%%% orgasals| meedg eﬂ%@%&ﬁd&ﬁ% ﬁhbﬁﬁlﬂg ﬁats%@eaé}ys&%nﬁéﬂanpamd

ani sm rst stage i s not transparent.
ph7a7]ookmapt ﬂa@lef, ovHicmpreglicie satels @t ivdrich modplm@ tperuodg patterns,

attern" i f|n to b the tern of si t.i ons _of
B BE0R o BT RTe i B, e Bicqmbaroe PR e ealt ol
WA b kahHE oﬁ&foblemﬁtuﬂﬂftbé] ed‘dithebi@gt AR ofRRinDik @pplie®f
t he nunber_of bits between punctured bit positions

1gel usi v Oidering@upgieing wleprsianpbiad o the trePafilpFtreams if
ﬁ{aet D n%wﬁﬁ%ha{tgﬂz ﬁi] thle?ﬁgbﬁﬁééﬁﬁl fgadtty)vg ﬁ}%%aﬁ@é &e%}'adatlon,

|ng ncturing t tion nma
(mccuurhlqely toveontrilsutel o AnpanWeniwdapafste:mg aﬂreo reebonid stage rate

t.ur nthe first sta rn_arisin

PR o s b6 g e B 3P R Bt L ot pBiy St
Mﬁﬁ:@i Byish gepant e 4R Nwhakhtidauinbes bof dE HEEONMEd in the
rate_mat chi.ng stages. [0179] In order_to av0|d ei t her

ghicondy é@ealaaﬁ&ca@asﬁ § birdkeaame rmouphiTheslpsisionas to whether such
EHRORES PR TR AR Pk o e i
esl’mn@hea d:hel invegsenf the dengdk ofi ruipy eltsuevidr bitp Mﬂnd:hjho]dg;he same
A T R i I L (- K

peiRdiel 7ymbduloh® pouidas )y kthéw the aldhetient R6 theNehgths of the
stage rate _matching is only adjusted if the cal cul at ed

stpAe is applied.
[0183] The dithered puncturing algorithm may be applied to either or both

of the two parity streams in the second stage. When processing a parity stream,
the algorithm employs two puncturing rates, one higher than the original, and
one lower, it then switches between these two puncturing rates whilst applying
puncturing to the parity bit stream. The total number of bits punctured is kept
the same as it would have been with the original algorithm. Generically it is

possible to have one or many switching points between the two puncturing rates
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-35 WD 2004/ 062113 PCT/ US2003/ 038223 durati on

i ndi cates a necessity. In this case, the anmount of
whedag/opunstured in the first parity stream i SPCT/US2003/038223

i ncreased slightly, mhilst in the second streamthe

nunber i s correspondingly decreased slightly. This

Within p@asity searm TBADIPINGG of Reintyisnot GFitisa! todbe perfprmance,

t /. |
ARLDE S ST, o fp b Bhrdt BRI R PRI ML okt of the
ﬂhmmadpmﬁhﬂﬂmhgpmumme puncturing rate in each of the

@)ré?ﬁg o TP REES of VUSRS SO TURIA THiaR PRCPERVo] rogping that

% St RO R Sha@Rsiss 6OBROTo BhiRUNSégihdmg ihakBichOthe first
eac stream taking into account adjustnments to the

ramend uisera foaties puaciuirbys wbe than theeriginal; thespegyisl yses a higher
@@c@ﬁl&]ﬁ g‘gf(;:eo TMecthg)s\%%[r{?%tf {f@ ﬁ&y ﬁécggnﬁ'yr %hé th%ﬁecgf the parity
giredhcd Shllr&ts@nemt whillolyedadithe edd ﬂlhatt mdnmetmteﬂeltrthe original

and 2@} C@ng@-ﬂg@% r adgéh{) IPEZ P]\fllmél \R?V[sl ﬁbgn?téi'ﬁ’g’e% %ﬁacﬂy the

&er&k QHRIuNE of Bt S mBintdid 1R dvagall BhAQLHLETats B%ﬂﬁlehﬁﬂrg the
[0182] Differing puncturing rates are applied in the

pamtypan“ealy igte ealow ntmbehef segroentsi ingthiatwast therpriginal rate
t. st a 0

G AR b 8 5 BRSO

@iBsY secqhd diffegemce Hetwesmtthbitigher puﬁdtuﬁmga%e ihhidhe first

nunber of bits pu ctured i.n e fir streami s

?eém?e%ans;}ﬁ%.ﬂrl&wa FRteyeNE D e he LoWeR ouiciene e i the

Rich8d BARREMW St tH sﬁgﬁnapﬁgsoséeﬂ&%armws TS s&a&sch Qﬁrows for
the same anount. The deci sion as to whet her such

l@@a@meﬁtqmomeeide allcaseswlilsiomt repreapriimae étgmﬁcant
aranet er estimates the inverse of the length

AR Shgind bl or “bi ts v chohol o the sane module 7
[0as6l i on A thbembjopitn of Waeek, The aacdifidhiratd angthing algorithm

becones greater than 49 bits (i ul.o_ 7
PRATRISASR CXPFEN thharae PAIRE S Rrsvwﬁélmi%@ﬂshwhﬁ wénority of

@al[sEE AT8vHish @RALL Btk ﬁLQ%ech sﬁlg(e %E@H'La@élﬂﬁ% %61{19 lead to a

algorithm my be applied to either or
pafirmyanse degreslations feeased tﬁmﬂs sfarg@ms hdfor ﬁr@@@@gu airg aaphed

Eg{%tg}/ t%%%}e%}o&h%ct@@ﬁﬁgh 0%1'8 g]a gg tgg SDoEiWOofp %C%g{e Hgatchmg

one

pocéd&@ i why Ghagshiaivieartht h@&&niﬁ&hlwhﬂfetﬂg th@ﬁ m apphed
whi | st applying puncturing to the parity % 5p
Faethegpate, iy apdmmemenisiony e modHichoRe b pAD be ac leved with a

modification to the Rate Matching DSP software without affecting any other part
of the system.

[0187] The foregoing is a description of a preferred embodiment and
alternative solutions to providing detecting, avoiding/correcting problematic
Turbo code puncturing patterns. While this invention has been particularly
shown and described with reference to preferred embodiments, it will be

understood by those skilled in the art that various changes in form and details
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the same as it would have been with the origina
algorithm GCenerically it is possible to have one or
worowg/0621i3 chi ng poi nts between the two punct ur POLUSENEE38223
-36 WD 2004/ 062113 PCT/ US2003/ 038223 w thin a parity
stream The nunber of points is not critical to the
payf s masecthereinnwithople deparsingofrony thenscapet ofstheeiayyvention as
: h rate is independent of the nunber
g%ggkgéggpﬁgaggﬁhts. [0184] The nunber of sw tching
points is set to one (or two)* nmeaning that the
punctured stream consists of two (or three) segnents
in which the first segnment uses a | ower puncturing
rate than the original, the second uses a higher
puncturing rate. If the two segnents do not account
for the whole of the parity stream a third segnent
is allowed at the end that is punctured at the
original rate. The third segnent is kept short, and
allows for puncturing exactly the correct anount of
bits to maintain the overall puncturing rate. By
breaking the parity streaminto a | ow nunber of
segnents in this way, the original rate matching
algorithmcan easily be used with sonme m nor paraneter
changes. [0185] The difference between the higher
puncturing rate in the first segnent and the origina
rate, and al so between the | ower puncturing rate in
the second segnent and the original has been set to
1/49. This selection allows for problematic rates to
be avoided in all cases whilst not representing a
significant change in coding rate. [0186] In the
majority of cases, the nodified rate matching
al gorithm operates in exactly the sane nmanner as
previously defined. In the mnority of cases in which
either the first or second stage rate matchi ng woul d
lead to a performance degradati on, unequal |ength
streans and/or dithering are applied. Both of these
nodi fi cati ons do not change the body of the rate
mat ching procedure in any way, but rather the rate
mat chi ng paraneters that are applied. Furthernore, in
an i nplenentation, the nodifications can be achi eved
with a nodification to the Rate Matchi ng DSP sof t ware
wi t hout affecting any other part of the system
[0187] The foregoing is a description of a preferred
enbodi nent and
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alternative solutions to providing detecting,

avoi di ng/ correcting problematic Turbo code puncturing
w@aioume21$3 Whil e this invention has been partiPkCi/as1093/038223

shown and described with reference to preferred

enbodi nents, it will be understood by those skilled

in the art that various ch Pn formand details

V01260044 462113 PCT/ US2003/ 038223 nmay be nade
yﬁgar\é\%)ﬁ \%?t%out departing fromthe scope of the

i nvent.i on Ias cothesemich@ohswystmmeatnploying a pluralBE ofi@ite matching
2004/ 062113 PCT/ US2003/ 038223, | M5, What, is clained
plegey a W%%@Tmﬁegﬁrgﬁgﬂ&t 8/ipfopiRgfusing patterns, the
ﬁ{elﬂlﬁ(ﬂié&fxplﬁin?;ate mat chi ng stages, a nethod of

avoi di ng_problemati c_ Turbo code puncturing patterns,

the (gredivatieg b ranher offbils paaictied iyeadhestagedfarteomatching;
%HB s punctured in each stage of rate nmatching; and

§1 adj usting the nunber of bits punctured in each of
t he pbladjubtiyg tie panbéyof btsipeantirediiesaehf theeplurality of parity

robl emati c. pyncturin atterns are avoided. 2, The
N8t BRerEbi R BroplsER el PRRAFHBE PRHAE ra dvetdadhl | ty
of punctured error correction coded transm ssions

having a first group of_paritﬁ/ 1 gPl) bits and a )
secord gr dins ?@lﬁapa} pf yladm( Poyheseins dagradatiens iifij the, quality of

. €O ' (]! I nct ured .
RS b PEE O Syl Y00 LA vy
{RIN dtiter el bisesorfd grouphel seadiynl (B2)obips afe [bntifled; aaddtep (b)
fug%bi asi ng the punctured rates of the P1 and P2 bhits
dPBPIPYbl emat i ¢ puncturing patterns by: (i)

adding a YRl paﬂ&upé&ﬂlﬁwfoe&e%ﬂrspgio%fpt&Plhﬁté;i rst
group; and (ii) decreasi n% t he nunber o

non- punct (hPaempvhigpurctuted ditsdrandhe sgeong group of P2 bits; and
(b3) biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:
(1) adding a number of non-punctured P1 bits to the first group; and

(ii) decreasing the number of non-punctured P2 bits in the second

group
by the number of non-punctured P1 bits added to the first group.

3. The method of claim 2 further comprising:

~ 41 1 J
= ———t—
(c) determining a number of bits N using [7P 2] whereinIis

the
number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and
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by the nunber of non-punctured Pl bits added to the

first group. 3. The nethod of claim2 further
w@ompnedihg: R [41 2 (c) determ ning a nunberPOf/UB2003/038223

N using 7P wherein | is the nunber of bits at the

i nput to each branch of rate matching and P is the

total nunber. |off theaPl amd P® |bits at the output of
rate mat CRE ’él‘gﬂ/g?‘ <Wo2b )J@S*?lfil@te the bias
PCT/ US2003/ 038223" (dY if (PL2Y 79 < 1- - + 2,

calculate the bias 2 A=max | -P P 1 , otherwise set 0O

= N1l 2, 2 [7N+1]]| 2 2 4. The nethod of claim

ei n non- pynct uri patterns with a period of

A eg{agla s S PERSTEHARPREE T@sul ts and Nis
r.*5|7XHb

thod of claim4 wherein the
whenever the average
non- puncturing period of P1 or P2 bits is within 1 or
i /2 of 79d,f BrihAVE1ARd 50 %e%ih%%q%@,?&:m\éﬁhﬁg Fritdlls Yith a
comuni cati ons system enploying a plurality rate
patiehoNg /3t @886 .degratRitibadin0hedvneh shda0rehRb @RI Gs a whole
Turbo code puncturing patterns, the nethod
sombei.si ng: (a) adjusting the nunber of bits punctured
in each stage of rate matching; and (b) adjusting the
puncturing rates of each of the individual parity

st r eadrs Thdtnkthodrif Bladh Al vilgerdirCiHeSleaidtls @R b&bmployed whenever
effective coding rate. 7. The nethod of claim®6

{trecrveragedmgy-pwattiigng period hEPLomP? bits tfwithimet ar4 of 78/2 for
error correction coded transm ssions having a first
gresugncbedp A irespedtivglPl) bits and a second group of

parity 2 (P2) bits are identified, and step (D)

3, Wne
AG/| ag
a ol

6. In a communications system employing a plurality of rate matching
stages, a method of avoiding problematic Turbo code puncturing patterns, the
method comprising:

(a) adjusting the number of bits punctured in each stage of rate matching;
and

(b) adjusting the puncturing rates of each of the individual parity streams

while maintaining a constant overall effective coding rate.

7. The method of claim 6 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;
(b2) removing punctured bits from the second group of P2 bits; and
(b3) biasing the punctured rates of the P1 and P2 bits to avoid

problematic puncturing patterns by:
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further conprises: (bl) adding punctured bits to the
first group of P1 bits; (b2) renoving punctured bits

wo camiosd1e3 second group of P2 bits; and (b3) bPEFUAY03/038223
the punctured rates of the PI and P2 bits to avoid
probl emati ¢ puncturing patterns by: -40 WO 2004/062113
PCT/ US2008) 8d&izg3 nymberadgprrgpuaciirath 84 bifis to the first group; and
non- punct ured Pl bits t i rst : AN
decreasin §1)t e r%ads ﬁ%%ﬁleoﬁulﬁg% %fu%ozﬁ'%%ch%fl %?g §ts i(uﬁ LUZI% séecond
secog@ougr oup by the nunber of non-punctured Pl bits

added to the first gro 8. e hod of claim?7
‘?suﬁterf@%mb%rrﬁrmﬂw%&vﬁf%’zgs aggﬁd gg@)@rf?ﬁsh B¥¥Pa nunber
of bits N using wherein | is the nunber of bits at

the input to each branch of rate matching and P is the
t ot al8. nuibemethod o€ clim grivri@er spmprising: he out put of

rate matching; and I (d) if (P/2) 7R < 1-hét+l,
calculate the bias A=max | - P, P I ,J\A/G;CJI wi_je set
A = 0. 7(3déteZminingSrddmbefof bTiReN nBidyod 3l mirein I is
wherei n non-puncturing patterns with a period of 79/2
cause deggggdation in performance results and Nis a

whol e nunber. 10. The nethod of claim9 wherein the
he

erjods. w ||, be enpl oyed engver er age .
BRI b % SR 0Y SRR S8 wpl GaRETRE Ba £ ip the totel
i/2 of 71Q 2 f ven and odd N _ respectively. .11. A
Wh%%@%&ﬂ(f ?’9 ﬁﬁj a&éﬁ? QBERYE gh Zatermgteaing pogs
punctured error correction clgded transm ssi ons, the
nmet hod conpr.i.si mg: (&) | dantjifyin upct.uri ng
pat t ern m@dﬁ@@@vb@%ﬁ% o) *5[%4‘153?)@3%)@@/9}6%113
PCT/ US2003/ 03

A = max PP I , otherwise set A =0.
IN-1| 2 2 [7N+1
2 2
9. The method of claim 8, wherein non-puncturing patterns with a

period of 72\7/2 cause degradation in performance results and N is a whole

number.

10. The method of claim 9 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or +'4

of 7N /2 for even and odd N respectively.

11. A method of identifying degradations in quality of punctured error
correction coded transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a
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particul ar code rate; and (b) adjusting a value for
antici pated degradation in accordance with the
woradogios21g3 of the puncturing pattern and the parP€T/T81085/038223
code rate. 12. The nmethod of claim 11 wherein
degradations in the quality of punctured error
cor r @erfigHareeted transmi ssions having a first group of
§%£%11 (PlI') bits and a second group of parity 2
%@ )" Dits are identified, and step (b) further
conpr i ses(b)adjystiagdi ndupforenticiatdl depradatidicinfdct@tance with
groug of Pl bits; (b2) renoving punctured bits from
the $Beond group of P2 bits; and (b3) biasing the
RURGIAY S E3hERRind PEtEh ANPtH, Hkfcd1rRodY Phid.
probl emati ¢ puncturing patterns %y: (1) adding a
nunber of non-punctured Pl bits to the first group;
and ii)gdecreasing the nber  of non-punct ur P2 ..
oits 1% 1 RECRERR ", 0 T EGesh gRRRpED th e Guatity of
et @red GrbiredriREtibh tod aldigelsrhidsione hiavigd a Gieidroup bBparity 1
The method of claim 12 further conprising:

[ t ) [41 - 7P
- 1) byts parder wpeAgSTRURRTRALIESTZ (D PN nigfieflennd ftep (b

fStherREmRpaer of bits at the input to each branch of
ratg nat?ﬁ?%g and Pis the total nunber of the Pl and

P2 bits atbhl)addimgt putctwfedratsctorthe dirstrgrounnd PAdits; f

(P12) - 7 1- 2 + , calculate_.the.bias -42 o
20041 062159 FERPTIBS RIS G389 TS figdy the epnatorp 0%2 bits; and
ot her wi se(58biding the pudtired ratés off¥hd IP1[adld P2 bits to avoid

problematic puncturing patterns by:
(1) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group
by the number of non-punctured P1 bits added to the first group.

13. The method of claim 12 further comprising:

- {_4_1 ; lJ
(¢) determining a number of bits N using TP 2| whereinIis

the
number of bits at the input to each branch of rate matching and P is the total
number of the P1 and P2 bits at the output of rate matching; and
N

<l- - + [%J , calculate the bias

TN

L TN

() if (P/2) 2
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14. The nmethod of claim 11 further conprising: (c)
using Turbo code to i nplenent the error correction
w@omaene2113 ansmi ssions. 15. The net hod of cl ai nPABHUS2003/038223
further conprising: (d) identifying when a
non- punctured bit pattern of the transm ssions
exhibits a periodic charlgcteristic, with a period
equal to peri og of a r|od| i rpul se response
of=| me 2 %ﬂ P ind m§h “f"'h%et%fr‘gg code; and
(e) usiﬁﬁ;ﬂ e’id L I non- punctured bit patterns
whijch exht bilt a riZod characteristic to identify
punct uri ng patterns wi th degraded perfornmance. 16. A
nmet hod of identifying degradations in the quality of
punctured error correction coded transm ssions having
a first group of parity 1 (Pl) bits and a second

grou rit P he net hod conpri sing:

oy "B el MR e R PSR oLp of Py

bits; (b) (d) g Muunedder 8d ilblenditothd Reros eg@Pdttion coded

%poup of P2 bits; and (c) biasing the punctured rates
ngmEssPNsand P2 bits to avoid probl emati ¢ puncturing

patterns by: (i) adding a nunber of non-punctured Pl

bits to the first group; and (ii) decreasing the
nunbel5. of Thenmsmetnod tofi cladn A2 ﬂuirthericurnlptﬁei@cond gr oup

-43 WO 20 062113 .PCT/ US2003/ 038223 er o
non- punct %feﬁ&&’ﬂé% ‘ggs §8d 2t PRI P&f{yd gl?l uBa gen of the
The rpihafisefong! ai m 16 further conprising: (d) using
Turbo code to i | enent the error correction coded

exhibidpi & spegipslic rBaraherishs heithof PEPGN enpad (ot Beperiod of a
SNP éx’%(ﬁ?lméﬁl)se LOERhEL ¥t AGuIEeD o Acddtil PIBEE 32 Rivbo code;

patt rn o
and

(e) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with degraded

performance.

16. A method of identifying degradations in the quality of punctured
error correction coded transmissions having a first group of parity 1 (P1) bits and
a second group of parity 2 (P2) bits, the method comprising:

(a) adding punctured bits to the first group of P1 bits;
(b) removing punctured bits from the second group of P2 bits; and
(c) biasing the punctured rates of the P1 and P2 bits to avoid
problematic
puncturing patterns by:
(i) adding a number of non-punctured P1 bits to the first group; and

(ii) decreasing the number of non-punctured P2 bits in the second

group
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transm ssions exhibits a periodic characteristic, with
a period equal to a period of a sem -periodic inpulse

w0 e@poede3 of recursive encodi ng bl ocks of the ACF/682003/038223
code; and (f) using the identified non-punctured bit
Batterns whi ch exhibit a Egrlodlc characteristic to
W éhe nppben aEper-prgctvaed Bl hits\iddad de theafiesd group.
performance. 19. A method for reducing degradations in
qual ity of punctured error corrected code
tr anSIﬁ.SSi']ﬂmSmeﬂfbﬂ df&tdiﬁdlﬁ:ﬁmﬁ{ér&bn@msﬁrag i dentifying
a punctur att h ap Ximates a particular
code ratel ? ’Zhﬂ ﬁ%‘f‘i Ok g’ﬂi’i ecIRent, e érrorpgorregion coded
Eﬁ@@ﬁﬂ&§&k@ns suff|C|entIy to cause a msmatch in the
puncturing pattern and the particular code rate. 20.
The method of claim19 further conprising: (c)
det erqg ni It f eless transmt and
recei %gé u%e%%ﬂ%a cya}l%c]frla%" FSUFRer ™ zes that are
support ed (by idbatifdiy); whéh laSIrngl pmmtxwd ngit t @attefOVEf the
sufficient bjts to fit into the buffer; and (e)
adj usFPRY SRS eral | code rate so as to provide
sxibits1 £nperfddi® rcharé’&e)’i\glg 0Q#44062 %’!31?105) Q2003 9)%%%3 Sof a
correction capability, t ereby pr a first
pemipdriedi¢ impulye respamaea of racngve an@dpng)blodkmgf ﬂl%’ﬁtudmd:ode
ﬁ fe in a second stage of puncturing. 21. The net hod

claim 20, further conprising: (f) increasing

non- pu nct ¢f) edidy the identefiel Bén-pitctiirédbit Pabdi@en@Wlich exhibit a
seg st age of, puncturi ng, and decr easi ng
H%O%&nélﬂ%ﬁaé'ffrtﬁt}cs ton idepiiiiie PUBEtUIRE f PRideTnSs ik lggraded
ﬁ&@g@@nﬁkage of puncturing, thereby adding additiona
puncturing to one stage and renoving it fromthe
ot her stage. 22. The nethod of claim20 further

Corrprigs_,i X method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising:
(a) identifying a puncturing pattern which approximates a
particular code
rate; and
(b) adjusting the parameters of the transmissions sufficiently to
cause a

mismatch in the puncturing pattern and the particular code rate.

20. The method of claim 19 further comprising:
(c) determining a capacity of a wireless transmit and receive unit
(WTRU), including buffer sizes that are supported by the WIRU;
(d) using puncturing to remove sufficient bits to fit into the buffer;
and

(e) adjusting an overall code rate so as to provide sufficient error
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(f) increasing non-punctured bits in the first stage

and decreasing non-punctured bits in the second
wGer@gm62128. The nmet hod of claim 20 further conpeT/E52093/038223

(f) decreasing non-punctured bits in the first stage

and increasing non-punctured bits in the second

eqragpdionxapakibisy. Fheredy nspviding ail raterinteefirst stageiof pngcturing
[0k ed | [ Is [ r .mat chi ng

s okl ALl ARk ot et BRER o bR,

parity bits, thereby avoiding a need to periodically

sanpl e the_parity bits when performng .periodic

sarrpl?e]ng i erlﬁ?ttilo_dr?gf _ ) f‘t"ﬁé?rewli’ﬁlstlpg:ati ng'the

ef fect of (hheeBREihSdbhiguhcAlrel BRs YRGS dfrth@ﬂrstlfggiéfgt%lﬁl?'second

25. A communi cations system for avoiding prob
Jtagh of pudeturingn end diepxgapinigt mympyndtheedslits enanother of the first

RO O R

ome eagh anll agRovihgritfiom thi sthengtagand (c) neans for
adj usting the nunber of bits punctured in each of the
-45 WD 2004/ 062113 PCT/ US2003/ 038223 plurality of

pari tep st 0t I i uncturing
pat t e%ghs g?lgrﬁ%t\%lgaggg%aﬁ%ﬁ%ﬁggg)?%rﬁso ‘claim 25 ‘
wher ei n défjrinctatsiogsionmpurcbumgddiiistip thé firgistegenad decreasing
erraor c&r r(gﬁlti on,.coded transm ssions having a first
B RBREFr LI o the $e898d BAEE- and a second group of
parity 2 (P2) bits are identified, the neans (c) for
adj usting the nunber of bitsr?uncture_d_ in each of the

pl ur @3ty The %%tlhioti)?fgllaﬁ@a?f%f“_ hWFﬁ’é‘P”éH%ﬁpr ising: (cl)
means for (ﬂ"‘dgd)rggsiﬂg' ?18%1- el HitsAnthE ki gg raﬁHfFInEifeasing

P1 bits; (c2) neans r renoving puncture rts from
nérepercdunet] bitoipthef seéénd iags,; and

24.  The method of claim 20 further comprising:
() interleaving parity bits before rate matching occurs; and
(g) subsequently de-interleaving the parity bits, thereby avoiding a
need
to periodically sample the parity bits when performing periodic sampling in rate
matching, thereby mitigating the effect of the periodicity of the puncturing

pattern.

25. A communications system for avoiding problematic Turbo code
puncturing patterns, the system comprising:

(a) a plurality of rate matching stages;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and

(c) means for adjusting the number of bits punctured in each of the
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(c3) neans for biasing the punctured rates of the Pl
and P2 bits to avoid problematic puncturing patterns,

W0 b@4l06A$3 ng neans i ncluding: (i) means for adedCTySz03/038223
nunber of non-punctured P1 bits to the first group;
and (ii) neans for decreasing the nunmber of
Rbwabbnef prity sizedsns.swhereithéhe peddematic upchyringpatterns are
Q\%I‘gg& of non-punctured Pl bits added to the first
group.” 27. The system of claim 26 further conprising:
1V=Lp41l +~J3 (d) means for determ ning a nunber of
bits usi ng wher ei I.is _the nunber of bits at the _.
i nput“t-o SW%‘HC& Jpim LocWhgreinidegragiiopsiia theequality of
beh&hr&HEREF cAfedit® BaedBGnBRili b BvihH8 MY PHupdf parity 1
rate matching; and -46 WO 2004/ 062113
B biis20031 8862 groupe)f paritng (PArbitedreud etifiegl, themepas (c) for

PRl Jf 0= max.,. /N1 2 "' 2.7Nt 2 .1 7N <1- N+

Al tipe she nogpBo i e i Pich of b Pyt DA spieams
furtil& condpridthg: N (P/2) 2 2 2 28. The systemof claim
27, wherein non-punctyring patterns with a period of .
79/ 2 causdécHageansder adding byactwedhifs do the fireerapp ofPil dits;
a whol e nigvhes ; ' [
t he peri ogs Wi Ialns%% rér%ﬁ&%@%ﬁ%e%t@%éﬁ%%%ﬁggg% up of P2
non- pribst uring period of P1 or P2 bits is within 1 or
%1%1m0f 7N/ 2 for even and odd N respectively. 30. A
&0 ni cati ons system for avoi ding problematic Turbo
code (¢3) means for biasing the punctured rates of the P1 and P2 bits to

avoid
problematic puncturing patterns, the biasing means including:
(1) means for adding a number of non-punctured P1 bits to the first
group;
and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

;\A/:V_IJFLJ
P 2

27.  The system of claim 26 further comprising:

(d) means for determining a number of bits N using
wherein
I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching; and
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puncturing patterns, the systemconprising: (a) a
plurality of rate matching stages; (b) neans for
w@ajud6iing) t he nunber of bits punctured in eacPCHUSE3/038223
of rate matching; and (c) neans for adjusting the
puncturiaﬁ rates of each of the individual parity
streams wWhel e nmitheasisni ng #0Iconst gatcudatingl | efthect i vebias
coding rate. 31. The system of claim 30 wherein
degradations|infthe quality of pupctured error
correction cpde s§;ons hay| ng a first group of

parity 1 A+PInhaxbi ﬁup of parity 2
(P2) bits arg i E]ﬁ_i_!ie?d,zta % (c) for adjusting
t he puncturipng rjatés Jof each ot t i ndi vi dual parity
streans further -47 WD 2004/062113 PCT/ US2003/ 038223
orrpr|SL g 1) .neans for adding punctured bits to
Eh_é.f &U_p Mfl. Pigbits; (c2) means for renoving
&rngx ure bIQS f2 mthe second group of P2 bits; and
(c3) neans for biasing the punctured rates of the P1
and P2 bits to avoid problematic uncturi g patter
the biasi ng BRARS HicRhubRElUd ge meas, {orV ﬁlﬁﬂng

a nunber non- punct ure its (B/Bhe first 2 grodp;
and (ii) neans for decrea3|ng t he nunber o

non- ct e second

oo ot ThErevathm el Pl SR Rt Br e Bt tms with o

glaadtpof mgz e SHet&RtRN £l BhiTorddad ddr fddfits %sa@ipw 1 Aivhole
2 (d) ‘nmeans for determning a nunber o

hmtnbei\l using wherein | is the nunber of bits at the

i nput to each branch of rate matching and P is the
total nunber of the Pl and P2 bits at the output of

rate gt chimh; oysBdm BEAISin{ 98 wRLSH 2hé PIribBE WAl1aSe employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or +%

of 7]\7/2 for even and odd N respectively.

30. A communications system for avoiding problematic Turbo code
puncturing patterns, the system comprising:

(a) a plurality of rate matching stages;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and

(c) means for adjusting the puncturing rates of each of the individual

parity streams while maintaining a constant overall effective coding rate.

31. The system of claim 30 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means (c) for -

adjusting the puncturing rates of each of the individual parity streams further
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=mx | - PPl if 7N1 2 2 7N+1] 2] 2 | 79 <1_MN N
and (P/2) 2 2 2 -48 WD 2004/ 062113 PCT/ US2003/ 038223

w@ ejo4oeams for setting bias A =0 if (p 2) _79rcT/U$2009038223
+ 2 [~2 33. The system of claim 32, wherein
non-puncturing patterns with a period of 7R/ 2 cause
degpradder on in performance results and Nis a whole

nunber. f er, t he per

will be eﬁ(—p]r%ﬁag%‘§Sy el P%%Eurgéi’etgg e et SroR o %35'01’“5
period of (E2) mearRFobidnsovitg pikidturedbits frdhZhe 8écohllgfoup of P2
for ev%n and odd N respectively. 35. A commrunications

syst ebiffor identi fying degradations in quality of

ByAct ured error correction coded transm ssions, the
system conprising: (a) neans for identifying a

punct ur i ndgchaneansrfonhiasingierromictrared satea of flid Pt undP2 bits to
code .e; and (b) neans for adjusting a value for

anti ci pated degradation in accordance with the

prdbidnsgc pﬁnttthelngtpw:tdiﬁis e Paddies heand (3 endafidgeul ar
code rate. %Cl}t em of clalm35 wherein

degr adat i 6H én‘faﬁlst Pﬂ"ea 8e prygher o paR PuReired Fdrbits to the first
corregbi,gn coded transm ssions having a first group of
parity 1°° (Pl1) bits and a second group of parity 2

gpd) bits are identified, the neans (b) for adjusting

a val ue f antic t ed de adation further

conpri si nS“) IPS?I)ISflr?‘ggﬁge?%P Q?ﬁﬂ%beffl?ﬁ?% PBBC“W?‘%P? Bits inthe
tdvend igr@ip Iy then@hbéotidnSpundibred PEBRS afl@6d tEIRWRE group.
punctured bits fromthe second group of P2 bits; gr

(b3) neans for biasing the punctured rates of t he Pl
and R bi 11§ elQstem of claim 31 further comprising:

~ |4 1
(d) means for determining a number of bits N using [713 ZJ
wherein
I'is the number of bits at the input to each branch of rate matching and P is the
total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias
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avoi d problematic puncturing patterns, the biasing
means (b3) including: -49 WO 2004/062113
wEIMESA0D3/ 038223 (i) neans for addi ng a nunb&r/Usi003/038223
non-punctured P1 bits to the first group; and (ii)
means for decreasing the nunber of non- punItured P2

bits in t eco rQu t he .nunber off

non- punct B?)eanqgilsg‘i’rtgeﬁdﬁggbdvst% QHE o BsT 4l B3lip

The system of claim 36 further co r|S|ng 2[| +]

(c) means for determ ning a nunber of bits N using

wher e3dh  IThessyisteam ofi sisém 3, phersiranon-punttiping pasteras hzvlth a
br an h o at e maf chi and P is the tot

Prdoppf a7 2P%aur§’f3t gﬁfl“{]atg“ﬁ’é‘ BuP HB’f‘m?ea’feéuﬁﬁtaéﬁlnﬁf,ls @dY’hOle

gﬁﬁﬁ%rfor calculating the bias max | - PP I if I7N1
2 [7TN+1] 2 | 79 <I-N+ Nand (P/2) 2 2 2 (e)
nmeans for setting bias i =0if I _791 N+ 1V

(P/2) 38. The stem_of .claim35 furthe
con'pr Ing I{G‘C§Ysﬁ@gn§5 ‘%i [Sg B e@@a@#a&u‘il be employed

Wb@&@&he bberagehoh- Iﬁﬁkﬁﬁ@ﬁ% Priodetot P@Bﬁg‘issv%itﬂﬂ? +1 or V%
39. The systemof claim38 further conprising: (d)

nfeaN;éz forevied emtli didi Ngreshedmivalynon- punctured bit pattern
of the -50 WD 2004/062113 PCT/ US2003/ 038223

35. A communications system for identifying degradations in quality of
punctured error correction coded transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates

a
particular code rate; and

(b) means for adjusting a value for anticipated degradation in
accordance
with the matching of the puncturing pattern and the particular code rate.

36.  The system of claim 35 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means (b) for
adjusting a value for anticipated degradation further comprising: '

(b1) means for adding punctured bits to the first group of P1 bits;
(b2) means for removing punctured bits from the second group of P2
bits;
and
(b3) means for biasing the punctured rates of the P1 and P2 bits to
avoid

problematic puncturing patterns, the biasing means (b3) including:
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transm ssions exhibits a periodic characteristic, with

a period equal to a period of a sem -periodic inpulse
w0 e@poede3 of recursive encodi ng bl ocks of the ACF/682003/038223

code; and (e) nmeans for using the identified

non-punctured bit patterns which exhibit a periodic

char act er (i3 rregng &1 agiding 2 pupbse efmenmgupeiuret ﬁ § bifs tp the first

degr a%q§‘g_lp performance. 40. A conmuni cations system for

i dent 'ng degradations in the quality of punctured

&d or correction coded transm ssions having a first

group of parit P1) bits and .a second gr.ou o
oot by 2 EEopedntor ddoibastye fhe e PRSRngu B i in the
deebn @GFH b PHRCAMNBS: dTidos-Fuhcti@dfP I Bits §8dd@tothe kst group.
bits;  (b) nmeans for renoving punctured bits fromthe
second group of P2 bits; and (c) neans for biasing

t he ct e - .bits to avoid

pr obrggnnat @%%H%‘% u?ﬁcgélr%ggtﬁgéﬁgﬁ%ﬁ%l%lgsi ng neans (c)
including: i (i) means for adding a nunber of N_J'4I+1J
non-punctured P1 bits to.the firs up;~and (Ti)|7p o
means for%‘aé@f’aé‘a? hgeterRingSifepy ehgﬁg‘gg%?ﬁpgd P ez
bits in the second group by the number of

non- punct whegeirl bits added to the first group. 41.

The system of claim40 further conprising: (d) neans
FwrthasiuntbeTof bids abthe inpui hpéaimBntnthef wite oratdungeadi His the
coded transm ssions. 42. The system of claim4l
fousltahb&0sRhe FiINgid P2hiteadise b@put dLAite ydtohinghen a
non-punctured bit pattern of the transm ssions

exhi bits @d)peri odh&nghar acggri sti %alcﬁia‘?tﬁga per itpd bias
equal to a period of a sem -periodic inmpulse response
of recursive- encodi ng bl ocks of tyye Turbo code; -51
WD 2004/ 062113 PCT/ US2003/ 038223 | |and
A I P P 1 if
=|makiT———"—" » T F =
TIN-1| 2 2 |7N+1
2 2
1 N N |N
————|<1-—+|—|; and
(P12) 2 2 {2J
(e) means for setting biasA =0 if L__INl, _i\/’_+ N
(P12) 2 2 |2

38. The system of claim 35 further comprising:
(¢) means for using Turbo code to implement the error correction

coded transmissions.

39. The system of claim 38 further comprising:

(d) means for identifying when a non-punctured bit pattern of the
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(f) nmeans for using the identified non-punctured bit
patterns which exhibit a periodic characteristic to

WO d@asfly3 puncturing patterns with degraded  PCT/US2003/038223
performance. 43. A conmuni cations systemfor reducing
degradations in quality of punctured error corrected

- tzwofmissians axkibits msaerxoﬁ@ chyéaf-‘éwmmﬁhsa pryiod(eqpahiwapreriod of
g Qermf d&% 1<]§ ﬁnglgls% I #59 ﬁud;rr&glo Y r nic &hﬂg 'bgﬁ.{i%yf the Turbo code;
émﬁ adjustlng t he paraneters of t he transn1SS|ons

sufficien y to cause a h in the puncturi _
pattern a 1@%%m§ Q$Q§ﬂ%? q%ﬂ%Pun%§ ggpgﬁﬂnd1

éa;ﬁu}sit Al gBribaid a{atraaréngﬁm i iy pﬁﬁétu?ﬁ@'}%tﬁéihs with degraded
det er mni ng a CapaCI ty of a wireless transmt and

pegfoeimaaceni t (WIRU), including buffer sizes that are

supported by the WIRU; (d) neans for using puncturing

to renove sufficient bits to fit into the buffer; and
(e) means Afeomnaghivstidnagyeemifseidahtifyingldegrati eticn iashd quality
provide _sufficient error, correction capabjli

qffe@pewe% PEOF a?rﬁgctgnfcpﬁ%c{ TRRERRISSipg heying a dysh é‘éo‘%ﬁ‘)f parity 1

@wsﬁy LhAG s%e&lcpgfb\ﬁbdif@gn%@eepgﬁm 3he syaeﬁl

stage of puncturing emof claimé4
further cbﬁpne@mrfgr a(ldl)lgrman@rfe@ bitis tte tea§rsigroup of P1 bits;

non- punct yred hits in one t.he S
Cecond ot S EestisgBnlePh kiR BludiFec b Shrof B9 ecdiiproup or P2
non- pigget ured bits in another of the first stage and
second stage of puncturing, thereby adding additiona

cturing to one stage and renoving it fromthe other

stage. -52,)WR.20044 0623 HRGHNRARA %%%‘%ﬁe P&GandTP;@ bits to

system of claim44 further conprising: means for
i ncr @asidng non-punctured bits in the flrst stage and

problematic puncturing patterns, the biasing means (¢) including:
i (i) means for adding a number of non-punctured P1 bits to the first
group;
and
(i1) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

41. The system of claim 40 further comprising:
(d) means for using Turbo code to implement the error correction

coded transmissions.

42. The system of claim 41 further comprising:
(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of

a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
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decreasi ng non-punctured bits in the second stage. 47.
The system of claim44 further conprising: (f) neans

w0 oro4tlein®asi ng non-punctured bits in the firsPCHUSE3/038223
and increasing non-punctured bits in the second
stage. 48. The system of claim44 further conprising:
apfl) means for interleaving parity bits before rate

mat chi ng Gl s goﬁ gig%ggbg% %%H%% terng,l which

de-i nt er| ¥avi ng ere avol

eRBibdt & qbeﬁedicQ%ia@ﬁitéﬁsiﬁ;c&tmldenhf}Epmturmg l;ialt&rnhwmth degraded
performng periodic sanpling in rate matching,
NeKSF®BY4 ti gating the effect of the periodicity of

the puncturing pattern. -53

43. A communications system for reducing degradations in quality of
punctured error corrected code transmissions, the system comprising:
(a) means for identifying a puncturing pattern which approximates
a
particular code rate; and
(b) means for adjusting the parameters of the transmissions
sufficiently to

cause a mismatch in the puncturing pattern and the particular code rate.

44.  The system of claim 43 further comprising:
(c) means for determining a capacity of a wireless transmit and
receive
unit (WTRU), including buffer sizes that are supported by the WTRU;
(d) means for using puncturing to remove sufficient bits to fit into
the
buffer; and
(e) means for adjusting an overall code rate so as to provide
sufficient
error correction capability, thereby providing a first rate in a first stage of

puncturing and providing a second rate in a second stage of puncturing.

45.  The system of claim 44, further comprising:
(f) means for increasing non-punctured bits in one of the first stage
and second stage of puncturing, and decreasing non-punctured bits in another of
the first stage and second stage of puncturing, thereby adding additional

puncturing to one stage and removing it from the other stage.
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46. The system of claim 44 further comprising:

(f) means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.

47.  The system of claim 44 further comprising:
(f) means for decreasing non-punctured bits in the first stage and

increasing non-punctured bits in the second stage.

48. The system of claim 44 further comprising:
(f) means for interleaving parity bits before rate matching occurs;
and
(g) means for subsequently de-interleaving the parity bits, thereby
avoiding a need to periodically sample the parity bits when performing periodic
sampling in rate matching, thereby mitigating the effect of the periodicity of the

puncturing pattern.
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