[0001] DETECTION, AVOIDANCE AND/OR CORRECTION OF
PROBLEMATIC PUNCTURING PATTERNS IN PARITY BIT STREAMS
USED WHEN IMPLEMENTING TURBO CODES [0002] FIELD OF THE
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systems are well known in the art. Generally, such systems comprise
communication stations that transmit and receive wireless communication

[odighals between each othesEypicslyrhasensaiepscate provided which

are capable of conducting wireless concurrent communications with a
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base stations are called Node Bs, subscriber stations are called User
deggfiaHentdEmchite thbwhe rsstitsnace berhesRtAeRode Bs and

UEs is known as the Uu interface. Figure 1 illustrates a typical 3GPP

CDMA system. [0006] The U#er%;' ' r{%% of a 3GPP communications
[Og%ﬂem uses Transport Chan % i)fansfer of user data and
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is known as the Uu interface. Figure 1 illustrates a typical 3GPP CDMA. system.
[0066] The Uu radio interface of a 3GPP communications system uses
Transport Channels (TrCH) for transfer of user data and signaling between UEs
and Node Bs. In 3GPP Time Division Duplex (TDD) communications, TrCH data
is conveyed by one or more physical channels defined by mutually exclusive
physical resources. TrCH data is transferred in sequentiél groups of Transport
Blocks (TB) defined as Transport Block Sets (TBS). Each TBSistransmittedina
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 256.222 v3.8.0. Starting with the TB of
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-1 data, Cyclic Redundancy Check (CRC) bits are attached and TB
concatenation and code block segmentation is performed. Convolution
coding or turbo coding is then performed, but in some instances no

coding is.specjfied. The step r_coding, include radio frame i
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maximum number of physical channels for transmission of a CCTrCH is

[QR¥éntly spEkRBErasssirgeitieidhiphEidateraa sdachitsrangling,
pEpEgad cwithaichannelization, codeantimesidaiedfanhavehaling onto one or

transmission on an assigned frequeggy. [00_091 In the reception/decoding
Wﬁ%hf%qqld‘é’l%?{}%spr&&&%@%r Sntrinpreberagdniemesadsity the
pEIRAIQN-NE6oI]IBEbM i Afvh N Opigy BipisigaliaeeniensO U GH N eI Sthe

knowledge of TrC%grocessing parameteirpspto reconstruct thg TBS dat

MEFIaEEh FHEReS PraRbySHH RN (P STRPSHEHEY ehritafnfntrg . is
cpredrierspagdaumberof TrapshemFokmaisihiyskash Nddseeiadiy, the

SR A BT eI, CRGASH, CB M BB oSt e A e
cunadatingpeelfsdeie shntd<h REJengysidag dhedebndést s elieation ofhEh Sgread
i B CH 0 CCTACH A A RaiEU 1208 d80 9IS Rhion on an
assigned frequency. . '
[0009] In the reception/decoding of the TrCH data, the processing is
essentially reversed by the receiving station. Accorciiﬁgly, UE and Node B
physical reception of TrCHs require knowledge of TrCH processing parameters to
reconstruct the TBS data. For each TrCH, a Transport Format Set (TES) 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 TEFSs for the
TrCHs of a CCTrCH for a particular frame ig 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 transmission of a
Transport Format Combination Indicator (TFCI) for a CCTrCH. 3GPP
optionally -2 provides for "blind transport format detection"” by the

receiving station, in which, case the receivipg station considers the | .
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diagrams of channel coding and multiplexing examples in accordance
apgtHveipret dguBitresvisiiriDl prspedtively spbstr dhenklodo 1ahaind MA
rIUHENERARA SRR iamiemsruﬁﬁmgamwis@ﬁm BlOmS IR 3F the

k%ﬁ‘:role in both performance and capacity of a wireless
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pheing] RINGasSes ey elessi@nsmission plays a significant role for both
TDD and FDD communications in a 3GPP, system. [0014] Turbo cading
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plagVRIUEN codis. which,gan be dsed ferchannel coding and Aecoding ess
telecommunications systems. In particular, the turbo coding of the data being
processed for wireless transmission plays a significant role for both TDD and
FDD communications in a 3GPP system.

[0014] Turbo coding principles have found widespread applications in
information 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
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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 pgé%ach the theoretical gamitso Shannon's Law. These favorable
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chaseiayiggeful in mobile communications. [0015] Figure 7 shows how
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the punctured bits will have an impact on performance. This is because
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are less than some threshold. Therefore, it is important when designing
bitfe puncturing scheme that the burst error correcting abilities of the code
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coding scheme, a %de rule is to_minimize the maximum string of :
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threrienme terJOS A8 Breafise, fidy aeyxaivene Raoding:blgnkssitibeutstizing
sc%%%?g ﬁ:rlallat\ﬁee burst error correcting abilities of the code be considered. In the
absence of specific knowledge of the error control coding scheme, a good rule is to
minimize the maximum siring of punctured bits. For high coding rates this
corresponds to distributing the non-punctured bits uniformly across the
transmitted block. Puncturing schemes that uniformly distribute 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 meaguring how close the puncturing pattern is to being
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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 survjving parity bits.
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non-puncturing periods may result in a loss of distributed_information
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after heavy puncturing. Bach observation is made at the output is a sum of a

subset of the 7 bits, the subset being determined by the non-puncture period and

the impulse response of the recursive encoding block. For most non-puncture
patterns (those that have a period relatively prime with the period of the
semi-periodic impulse response), sums over 7 different subsets can 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, ie., a rank-1 system of

equations is formed and a unique solution does not exist. This is due to the
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semi-periodic impulse response), sums over 7 different subsets can
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.
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non-simple periods, e.q., 'consider the case where the non-puncture
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in§sffiecessary toidethctdetermine the group of bits, but does reduce the
dimension of the space they may span. Clearly, some information about the
smatil group of bits is lost for some non-punctured patterns.

[0025] In order to obtain adequate performance, it is necessary to detect,
avoid and/or correct the problematic puncturing patterns in the parity bit
streams without having to avoid code rates. Typically, problematic interactions
occur between the Turbo coder output and puncturing in the rate matching
stages.

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

codes that avoids problematic interactions by modifving the puncturing patterns.

[0027] SUMMARY OF THE INVENTION

[0027a] In accordance with a first aspect of the present invention, there is
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avoid and/or correct the problematic puncturing patterns in the parity bit
streams without having to avoid code rates. Typically, problematic
interactions occur between the Turbo coder output and puncturing in the
rate matching stages. [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
praxidENT ION 00T RN metord anvepnith @ fiestidepest of therpliesert rate
mdRIGAIORLNIE (& RIBVIERA AT BE FORINGMBNAY CATPISINGicriveg
emplGying a plurality of rate “matching stages for processing a p uraﬁlty of
thripreil @uas sy Dickreshnerabavetibitrovkfipunerdeyiansle theduality
of BUMBGEQLRILS. Wheralh degradalions it dhe Al » fBunsIed BEAL 1

correction coded transmissions having a first group of parity ' (PT) bits and
(Pl fitoraGroSEF OrpAFRR p2Rits Aréfidbhifedchidsiitse Panatiiny
pufetesigf theLbend P2 hils by sading Al beref NONsPUBSIHigERL  bits
. to the first group and decreasing the number of non-punctured P2 bits in
bitie Cecdi YRRy fIEREBEP BABIRpUACIR @B IRE Bddéd 18 the
sedinsd group bydelermining & numbercokbiPN msingNdtd 4 firstyhergin | is
the number of bits at the input to each stage of rate matching and P is the
defaialnumbenafihiePiant R2:pits atthe quiputobrate matsbingad J¢
7N N NJif (P 2) 2 11 - 2, calculating thé/Bias2liP P | 4 = max -- - ~i 7N2-1 2
2 r7/N+11 [0027Db] L In accordance with a second aspect of the present
bitinaethtianp theseaish proyedet asviralgsadransmiyreeaival unitnBMTR e P1
comprising: a plurality of rate matching stages for processing a plurality of
andnielvirchs alt plasibpipitistfeara sadeivgddidough puncturing a selected
number of bits, wherein degradations in the quality of punctured error
correction coded.transmissions, having a first group of parity 1 (P1) bits
and; )?m?‘f‘%?‘i %@}9 of %ém{y%éJ(,P&chéﬁfg%%%ﬁﬁed and the
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[0027b] In accordance with a second aspect of the present invention, there

is provided a wireless fransmit/receive unit {(WTRU) comprising: a plurality of
rate matching stages for processing a plurality of individual parity bit streams
derived through puncturing a selected number of bits, 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 the
puncturing rates of the Pt and P2 bits are biased by adding a number of non-
punctured P1 bits to the first group and decreasing the number of non-punctured

P2 bits in the second group by the number of non-punctured P1 bits added to the
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puncturing rates of the Pl and P2 bits are biased by adding a number of
non- punctured P1 bits to the first group and decreasing the number of
non, punctured P2 bits in the second group by the number of
non-punctured PI bits added to the -6a first group; and a processor
configured to determine a number of bits N using N_[41 + | J wherein | is
the number of bits at the input to each stage of rate 7P 2 matching and P

f h tal number of the Pl.and P2 bit tthe out rat at

HE% gp%r%%es %rcg(s)%%rg%%dgttg%%@uff e the |as ? Prnqaxﬁl

~ N+ 47N-1 TN+I1 (Plﬁ%ﬁz 2211 2 11 [0028] In example embodlments

N ﬁ{g{p&aﬁgﬁéﬁ Hodity BeoteRsed Qtﬁﬂ:bg?eﬁmﬂﬁ o GRh N5 <RI
are identified and the code -6b transmissions are modified accordingly. A

maseinesuang Patche wiidmupproxinthteB b partiulbrtcet ¢hraterisudehtified,

AR ala oL ANlclRled %%@9@9&(@@ fdiysigd,in accordance with a

matching of theé puncturing pattern and the particular code rate. [0029] In
e&améle embodiments for both -DD and TDD, two stages of rate

matchlng and tw9 pupcturlnIQO ératl ng are ingl ded,]an this is done
A han éalt erEmen erial ed“anan which
allowd f ireTess transinitiredeiv unlt WTRU) to receive-and. soft

C mb|He multiple trans |s§|on fthe same TB from the base station. If
the transmission fails the first time, the signal is retransmitted with more
[Ofﬁf in an ttemacf1 ), e n 1_suece es:(fyléafg EQ{PUDIC&'[IO the econd time.
rder to do th tgtwo erent s%ag punc urm ﬁs% ﬂ%é}
eHﬂt@WﬁRl@fha@cért@mnammlmﬁs iderteind kauﬁethsrz&kthat it can support,
and in order to be able to fit the retransmissions that are combined into

the buffer, there are two stages of puncturing. The first
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stage of rate matching punctures enough bits such that the surviving bits
fit into a buffer, and the second stage of puncturing (or repetition) is to
achieve the desired overall code rate. When the two stages of rate
matching are combined, a plot of problematic regions of coding rate is a
multidimensional plot. Thus, there are two rates now involved, which are

rafshARitha fi@EStaﬁ@‘dﬂlﬁéﬂm%ﬂwx@Q. argte ﬁhﬁctﬁﬁﬁgndpﬁ@&% Ofwhich
puncturing. [0030] According to a first embodiment of the present, .
APRHVERET BIPBUPYABLGATY Bidstig 5P AliSAgRididyd Bratlnigittnged
dedrapigineniedusisg thecpuiahued Birareercaiiioncodes ransmissiants
cﬁﬁBl Acc rdingﬁto a second embodiment, two or more stages may be
N HPRYEE AT LT S5Ye of rate matching for detecting and correcting
foqmeiformande drapusietarelbdimbotcddebah &HiyuSpeElDownlinges of

Sh .Ch | (HS- DSCH) in R5 High S d link Packet. A
G A (0 Bl DK IO O VNG DA
beqnoredetaigdinnddrstantiat cof thermventibredvayldne hadhfidnalibes for a
wilQlowing, deseripuon r?MT Prefeiked empodiment to Req %gﬁ{ﬁﬁ‘?]@%ﬂltgﬂe _

conjunction -7 with the accompanying drawing wherein: [0034] Figure 1 is
tragsaakepmatid disgrant of & fplcabThreaswstenifithascorazagenitls the
fir GUFRAL 36 %%zﬁqgiffgﬁ'ﬁ'fi’ﬁﬁit@@%ﬂtﬁ iﬁl‘é’i‘%_ Yty r&?%%@ﬁ%id{@_%%r%

TrCH data for a CCTrCH in accordance with 3GPP TDD specifications;
suqes sy FigRrBEECaHEY e URGHB B EhaHiAET dBdig Rl FigtibidsRy
staBXPTRIeSCaesArdanes with 3 IR TR spesificationsafABa7] dsidisrasn

A, 5B and 6.are diagrams of channel co%i}gg ag(()j ultiplexing examples

bulfet,S6r il iith SER £ LhaEhctions? afg]%k B 78RS ons

thatypicaloiesints] ahpartisulariepdesheirg greateddyo pynstuling:. iher¢ias
much as 4 dB loss can be measured in critical SNR value; [0039] Figure
s LR AR AL R R BEL LB 1 BUDRCA N e e <
buffitock{Eriticat SNRmgthdfigimprobadiliy vpeOode RateadhencRARRsired
overall code rate. When the two stages of rate matching are combined, a plot of
problematic regions of coding rate 1s a multidimensional plot. Thus, there are two
rates now involved, which are a rate in a first stage of puncturing and a rate in a
second stage of puncturing.
[0030] According to a first embodiment of the present invention, P1/P2
puncturing biasing for a single stage of rate matching is implemented using the
punctured error correction coded transmissions.
[0031} According 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 RS 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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biasing is applied; [0040] Figure 9 is a plot of the problematic regions with
respect to an ordered pair (rl,r2) which are the rates of puncturing the
parity streams in the first and second stages of rate matching,
respectively; [0041] Figure 10 is a schematic block diagram showing a
withcthefapmprnyiig %W%WBP‘F@SBPA, using a Turbo coded

[00$3DSCH papd10847] Rigurehhkaphically dFnictynitial BlogkAEsRtem in
Rate (BLER? or HS-DSCH transport blocks with certain effective coding
ageprdancp FMTbET P EH B ESEHIB19ERMSF THE PREFERRED

{oﬁmOPlMﬁhigE@)z ?éﬁﬂéﬁﬁ@dﬁ%&ggﬁﬂ?f%@fﬁ%d iﬁyﬁ@iaﬂ}’%r_CH in
several methods mbodiments, are disclosed for detecting, avoiding
ac&ﬁﬂ&&?‘ﬁ%ﬂ’é@ﬁﬁg%?%ﬁ?@bf@ﬁ%ﬁﬁag’t?ﬁ@wring patterns in the parity bit
[osBepms wilhigul-bading do4 aveidiegaeniateScHands] thtinsesshiwEptioning
is potentially applicable 1q | 2in.a FEDD, CDMA 2000 and TDD

AR AT T e B et IRATS) Trosos of
[opambmissidrigsraec|bas dileramddés woktrdimmissiom! -8haddidbratlyng and

thpds are described hereinafter for. Hyl 1] atterns
s e b IS e e A e

[0886brdancéigititefeshrose ypisadmesnltthel protticdladieeiosdit g repabad\py

plSIRIEMGaIGd L&%‘ﬁ\%ﬁ"&éi H%%gy%&%Cﬁévmﬁh%Tﬁldh@ﬁQ4%z@§$aaﬁe;

station. Hereinafter, a WTRU includes but is not limited to a UE, mobile

[0888ion, fixdtiommdistenhisesidepishthndiR seunyestheswpssidzdeede
2 CRRANIG @ QPAIBINS I Wﬁ{eeﬁ;ggxu Hanmenl, Wherrietrd When P1/P2

‘he_reaf_ter, a pase station includ is not limited to a base station,
bingae 3 amdiedntroller, access point or other interfacing deice in a

[0YABIess eryipenment @3%1 SHgHEe 3} HRpRGAlY SBBIR SR SMRect to an
required to successfgllg ecode a data block (critical SNR) with high

orgesBamy (drsRs ek ReaEhtRRIE AR RS s RS 5 eapiythe

A SHOWIRFiBHERY oft/ad6 PRemiounddhritastipular codes created by
8uncturing the rate 1/3 3GPP Turbq code_exhibit . ..

[0041] Figure 10 is a schematic block diagram showing a circuit for 3GFP

rate matching for HSDPA, using a Turbo coded HS-DSCH; and '

[0042] Figure 11 graphically depicts initial Block Error Rate (BLER) 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 to layers 1and 2ina
FDD, CDMA 2000 and TDD Universal Mobile Telecommunications System.

(UMTS) modes of transmission as well as other modes of transmission.
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poorer than expected performance, as can be seen from the peaks in the
figure. [0048] Figure 9 is a plot of the problematic regions with respect to
an ordered pair (r1,r2) which are the rates of puncturing the parity

streams in the first and second stages of rate matching, respectively. As
can be seen, there are particular regions where the rates of puncturing of
tHed gtlinp i snethads suehl ehrailsshhersinalfienfionmodifrieg 4be puncturing

PBSUEY AL RIPBISTIANR A0A%E SR AR ERPRUIBE LIPS DG for

parity bits P1 and implemented for one stage rate matching. Figure
1

B schenfaiesmrnerayitiniba srsreptiiairRtisnoter Tetpdudisclosed

MAICHINGAYE BT RRGIA WAL GOUR8 IisitAeHe SRR WAL o o
implemenis a rate-matching .scheme for | A. The circuitr _
DR b, Honeimafior ot | BUHnGe Pt gAY S0, anobile

vitiafabin Crenh entabbddwndacrdlel R, gy, ldr, anysaben tyirief daichtagable
S . a bit collection gircuit 625. The first rate .matching.stage

SR e SR SR e, Wi R R I PR B pee
bitatirn ninghiey bivcint Baolimieddeon astcshationiliodeaBe 820 controller,

IRclade A OISR ARIP AN GG A RAHNh{P)) bit rate

matching circuit 645 for the second rate matching and a Parity 2 (P2) bit
84 Phatchin igreef e hiralhedspicn thes Fharaniner 1 Sisessaiblly desode
Sﬁ/ﬁﬁﬁlm&k}@ﬂiﬁamﬂiﬁo %{ﬁ:ﬁi@ﬂ 91%%%Eﬂﬁ)(3'&?ﬁg§@?f&% %ﬁ@g@ﬁﬂ%ﬁbiasing
through the first rate. matching sta . virtua yffer , Secon

iE T e T e R N e
PiPlicaulak Radity &¢RR)ilis practirhiedisepatatbly. SRESTetehv atidditghibit
Pari Parit bits are combined at the, bit collectiQn circuit
SRR SR bR TS S TRl E R R Rl
48848 bits is Fegunhiriorerjotiofbtiemddernat vaginls Rrhfkespas, then

el dRie pRatering)Siagencal iy anRe '}:ﬁin i Eaﬁl%ﬂﬁg (EIESIETS,
case an Reg} rate matching%%re c_ong,i eregg?f%'l(g1 0] In itsf:igit]%};aﬁé B the
[

fARETEERBA Stagea M cris Bt tRing d rRsidreltihSitanRaRssB e Reare
peaticted iegiaornere AU RE G pulistSHER aStHBIBAPRKOAREERs are such

T Rl S SR U S

[0049] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 10 is a schematic block
diagram showing circuitry 600 for 3GPP rate matching for HSDPA, using a
Turbo coded HS-DSCH. The circuitry 600 implements a 3GPP rate-matching
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 610 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 bit rate matching circuit 640, a Parity 1 (P1) bit rate
matching circuit 645 for the second rate matching and a Parity 2 (P2) bit rate

matching circuit 650 for the second rate matching. In operation, the systematic
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specific circuit functions used to implement the invention would therefore

be a matter of choice of those configuring the circuitry within the rate
matching circuitry 600. [0051] The rate matching algorithm performs
puncturing if the overall code rate is greater than 1/3 and repetition if the
code rate is less than 1/3. Currently code rates greater than 1/3 are
dotenhalithel (31applyiRgrite 84PE) pitaciosipgocateeth thotugH thedip rate
R 01 ) Ul BUIRLE Bl PURCHII dh BT BPSER B20 and
qrder to avoid non-puncturing periodicities that have been shiown'to
duhraliedierrireittrie Natethahthe Parityidd@lihepdRarior PP3hbitpare

hiedndanepaRiidyyDirsedy SRS, thihe, NWPRELA BA-RISIEP2) bits are
decreased by e and the number of P2 bits is increased byd, the overall
S aed 1 T R P R ST Zh BT Br s B e

e avoide dh 3iifthethisdtppropaiiéd biteikingh praemaliccadesiades the
nalytical ression for the requisite bias, has derived. [0052
3? mp gal %%ﬁée?egi %%#eoérgr Mo Cilﬁarl\tﬁelfﬁlegpél}ﬁgﬁgg %réftgfﬁgs@a %ggin he
tHangRarsat Sirpusiags sdsei tnih -4 mdte 2abichildirayadutititeabd.
RedsEyring torngsandy ameingL fiam e eibel, &he .Hﬁ!ﬁ@éﬁ@%&isx%m

should be no more than is needed to avoid certain periodicities. In biasing

frECHh st satal drepexactied BitsarsrreBpBLGiRsrscireuitet s as
[D0&3pYYRRBR ArRLBEH HRE RAURMBSANITRPRIPI AL mdtdistich el he
used,.degradation in performance results. These non-puncturing patterns
\Rﬂ?cg'écér?ﬁ%}b fiieaeE t%%?&&@hﬂ?ﬁﬂﬁﬁ&%&%%ﬁ% Perge a
Bialties isf dlitiée dfothidke abr v dpribvetirenitsdd ihiasgectyadymORbilg
I{}gﬁﬁg}@gg non-puncturing rate of the P1 and P2 rate matching blocks
is L'(P/2) where | is the number of bits at the input to each branch of rate

h98&Hing andireiEpthaorscdiing aligeri B aritfobits (RnahdiRg ifAbtwealbeide
ohtkAl mateRitn D8 G R 0 AsFac code e ldeathiPds. Currently
problematic puncturing pattern if, (P/2) 72 <I-2 +L 21’

code rates greater than 1/3 are accomplished by applying the same puncturing
rate to both P1 and P2 bits (to within one bit) but with different puncturing
pattern phases. In order to avoid non-puncturing periodicities that have been
shown to degrade the Turbo code performance, the puncturing rates for P1 and
P2 be independently biased. For example, if the number of P1 bits is decreased
by A and the number of P2 bits is increased by A, the overall code rate is
unchanged but the problematic non-puncturing periods can be avoided. Given
this approach to avoiding the problematic code rates, an analytical expression for
the requisite bias, has been derived.

[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.
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Equation 1 for N > 0 where, N-=141 +2) L Equation 2 [00551 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
[Oﬁﬁdﬂlematic\ﬁhnntmmgpmattarhg $attendy twenymabed of M@iviﬁg bits,!M3...)

art stre 2 must decreased ual amoun A.that is also
g S P B I RH I S BOTOBRI ARG wil
becensgitaifds mbeve@rﬂmr@ebm«ie &Iilmf@hlmmﬁngxweﬁﬁloaffm%mgre;ts is
-11 [0058] A=max |P P | 17 2- II 2'2[72+11LJ |1 Equation 3 [0059]

withisrrd ey 2ridnl plMeioteey prendagdse MarsesstivalP2 and decreased
in P1. The procedure to determine and apply the necessary PI/P2 bias is

follows: Step 1) Compute N tion.2, S f
(058t co R RO R IO 5 iR e (AL 2 g mieiAing

blm&ﬁqp‘(ﬂfﬂf iaed icohé mmibesmbﬁ:ﬁmhﬁnwwséw\eaﬁt(lﬂfpnﬂ) @Drate

B SR AERL SRR TR TS 48 0 95 IO .

rabtsdetatiekveid Tinatefing phhuednswadt cts@rameTm%b leadetperfprotdaomtic
the amount %egnr}fturlng applied to parity bit streams 1 and 2

punctunng
i(m)“i{dmz%bJ’

Equation 1
for N >0 where,
o [ 47 1J
..]...
TP 2
Equation 2
[0055] In biasing the puncturing rates of the parity bit streams land 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 aveid problematic

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

expression for A, where:
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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 thejproblematic puncturing;patterns can be avoided. Note
{d{gg@pit collectign arjd bit de-cpllegtion stages need to be adjusted

correspondiﬁ@ &t fhis case 2Singe individlfal regions of degraded

performance tgnd tg|bessmall, it may e adpantageous to simply avoid

the use of code rates with degraded performance. Since code rates with

-12 degraded performance can now be identified using the aboveEquation 3

tion, it is a simple matter to avoid . [00621 Far Hybrid Aut tic
e e O HEF AP A RITO RSB Roy BATHRESSl, bf #hd
derplsydivolstafée of satdunatohiegyrhisceood rpplyahe varcdseranfanBd bias

isrgd%’ﬁjgncy (IR) is employed and the number of bits input to the
ra%e-ma?tv:?i'ing algorithm is larger than the virtual IR buffer. Note that when

Chase combining $ARD BouseskdReneiiserOgresibiop.a special IR buffer;

a received bit buffer would be sufficient, (If constellation rearrangement
were not used, a PrdferdfiDetatudd s\ihbhés daitdderldficitatiekillis in a
determined that IR provides only a small improvement over Chase
combining, preblseraticapahtRufiogn phétetandaidg Rayddcad\disalifeit does,
[00631 In order to obtain higher data rates, the 3GPP has introduced the

HSDPA option wherein link adaptation is performed. @ne onefit af i
the link ad&ﬂ?&ﬁ&ﬁﬁi@@&%&)%%ﬁﬂﬁﬂﬁﬁ@ﬁ%ﬁ@ €bpi g\hnh;mﬂgge] ).

a channel quality estimate is used to select the modulation type and cod
rate that attains the Iaré%est throug?g;e%_When the channe] quality is high,
QAM modulation SHEP PHiPEsEE 198 SeRTRHPANAEDdE rates are

e e e S B 5

Transport E}to Set Sizes (T_BSS) exhibited poorer than e>_<pected

performance®Tfie CQI table is used to map a channel quality
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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estimate into a recommended modulation and TBSS. This problem of
poorer than expected performance is currently addressed by simply
"hand tweaking" the CQI table to avoid the TBSSs that cause problems.
In AMC, this leads to less than optimal throughput since optimal code

degraded PRIEFBBREB SR B Peitdils A gng dhrrabea sy it is a

sinedmatPMG ivaid iiegral feature of RS HSDPA. With AMC,
modulation type_and code rate on HS-DSCH carlgg%\@ried according

J t
048 nel cobdmibROTppatiaRepeabetiess Ardeplpvedan %%PP,
itlﬂﬁ@lb &ﬁd@tﬁﬂﬁ@&%@(@ﬂﬁﬁﬁﬂ&@sﬁiﬂﬁw%@b@; tIinHlfﬁtdﬁﬁQWSS hexéever
. Turbo-cpder in a pre-de ine anner, i.e. as a function of TB,

S BT B B CRR A LRSS RSBl Ol B e g the
raiameatdde gathrotithinibdsegde thdhilkd vérprinicildroffiate-MNate g iwhen
h for.both.R4 <13 and R5, the likely and f fon
ol RRLNRE Baha o SIS o A ARE TR B Blirer; o
revwitehih bntche siihbe st iidenng fdictne todssibilityaot ingemanttalere not

d R) di ' 9 . P .
B S AR SO £y o v

performance requireme

prenidssunpiedistablbigipRperienhanee Ceegadandhiniies, Tieboeodeal addR
erHr%ﬂmqg@%gmsgﬁéDSCH up to several dB for a range of

effective coding rates above 1/2. [0066] The Turbo-coding performance on

[008bscH inredentarnplaiedishenstatbrabs. phs g ettt bropd the
HEBHIA RS HeamseHiHbY dA6: RAsRIa haberhedl T OOE AR AHENPURE link

the original WG4 simulation results were provided in a TDD-context,

adapiaiiomés Hdaeidey Medubrionsne CotmaPdithe Yok HbEiM thapnel

qUAERPLORNING AR ERIEEN AR £ 7 R P oANS JeraRi2ddd 9t 1RaP SEkins
transport blocks (where the problematii intergsgtions riginate) are dgne

thelargestHepgbRiy Yhepthessans He radylatign and
a BeffoEpdRNCE AL SOPR HRE HIgh oS teiod sivatyitid iyt dnoduipdieate

g Shme e PSSR e,
it pewebeenied thus dedutifraelksandsitek Set Sizes (TBSS) exhibited poorer
than expected performance. The CQI table is used to map a channel quality
estimate into a recommended modulation and TBSS. This problem of poorer
than expected performance is currently addressed by simply "hand tweaking" the
CQI table to avoid the TBSSs that cause problems. In AMC, this leads to less
than optimal throughput since optimal code rates will inevitably be avoided.

{0064} Support for link 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
1/3 Turbo-coder. While the principle of rate-matching is the same for both R4
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[0068] In another embodiment, adjustments to the parity stream

puncturing allows the Medium Access Control - High Speed (MAC-hs) to

simply select any desired transport block size as an outcome of the

scheduler decision. It would be required to slightly change the gene t'ogtL
ang Be Bméhﬁlmgrpm@msfqﬁwﬁefra%@-?ﬁ&fgﬁﬁ%eé%@%gﬁﬁ 8 3R 675, the

udeObLXAMRIS e ORE JEPIEREAing. tRIgdiCation thdha aulsed! SRR siatdarthe

e

[ogstmatchingBRge peifghianspareqtizathdhtscase ¥0dthistanth@ivdted

rate-matching stage heing emplqyed, ; er of. acceptahle solutions
o DR D OB Lo oS B gy for
Tperitydiepunc pringtutdd [0OF8hOhblot kescHEBHIRDE, epdoaeimmaledB for a
biasinigFE?Fethod, is outlin%(::zlS %)glow imythe interest of providing a conceptual
e

raé:‘)ggrﬁp e or%‘aecc‘:)gé%go 1 Fa e-matching stage being transparent.

{0851 1] Cu rfﬁhelﬂlmb@mgiqaegesﬁfmc_amﬂﬁ@ﬁé&ﬁy hemryingapacted by
uﬁ@&a@?&%{g@%%%?%@%@& ‘Bﬂé B Qﬂ% lB'ft%f?@a[Hﬁ; %ﬁ@@@b@ttﬁl@baseline

output -coder (Figure 10), although the puncturing pattern

ratieha&e Furke-pedenjudibiorady dhoverigiagaMicetartaatatian LegekFeyere
pYEhdSARterHNRdbaL i3, U3p il ygsultindegiaded REHEERARSERD, the

slightly lower code rate may be selected to avoid the degradation. Goo

regrecbeimetHest Bstheredingrndiatormatebing EharS et ansi dibét6de) on
HrRisdess thansiisoispiied craa-salrdhabirn hasndeteunneddadiantepare

acceptable degradation. [0073] If it is desirable for a system to be allowed
dopersaretlinthe srme et T betamdesode rates, then performance may

[obe7estoredripy masdicetinn aiihigefpasivre pade ut shhce kit da-sestdsiatso a

performance to the punctured Turbo ¢ode s to avoid the case wherg the

ProbloRARY e EFBHTME R ERD SrReTREs PR AT BRteRtarCode

tic
rablisthas, sxbelifrdhenpupesblbng, paite e impovagrrdoshaheecc@nemiybe

commmenaated T Ty powarcontrel TP 2eR0AN% S ctiity.

[0088] In another embodiment, adjustments to the parity stream

puncturing allows the Medium Access Control — High Speed (MAC-hs) to simply
select any desired transport block size as an outcome of the scheduler decision. It
would be required to slightly change the generation of the puncturing patterns in
the rate-matching stages in TS25.212/222. For example, one implementing
modification to the current FDD standard as set for in TS 25.212 is appended
hereto along with a brief discussion of why the modification is desirable.

{00691 For both the case of st 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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all the points corresponding to one complete period of the semi-periodic
impulse response are sampled with as few samples as possible while
maintaining the same code rate and not overly distorting the uniformity of
the ﬁuncturing over the data block or creating overly large imbalances in

[OEhumbeBresafibnig FRIHE BRs $rBPa bigoing mskbodd eytined

béleteddhabthisenathef pbniiaationsrelthalseRenanplivd taSYatRms tHiht s
more thEn 2 parity streams. For example, the 3GPP Turbo code (CDMA

raEEBT ARG SEABR PRI RAPSBATE™ a problematic puncturing pattern
[00gadrs it cambesiity)ateingrathsisirReapesiaplislpisesppipaghiof shtme

R P S1E F aEe B eSS VAT AL S LCef e
TR B andiiguwnanyOR Sadtinfigiir afien puttieprofde medticrintépdeiten can be

getweéan the Turbo-coded -15 output and the punctured transmitted
as]uste X ) ) :
equerice occurs in regions where the puncturing patterns are nearly

[0p&ebdic witisemvavjreg tiitberiodle gaial imﬂ@shwdiipieidt % deteviiendaihat its
u&"‘%fﬁﬂ?ejsbﬂ’t'tiﬁf %%Exlf’eé §€E§§r§x‘£§1§é{f\é“’ai Qﬁ?h&ﬂ?@%&ﬁg (3924805 be
correspond to rank-1 and rank-2 scenafio respectively. This case

selertedforrinid the degradsderariGimambaacdemibe svdwdiiadsdmpderate
woiNg BN Aearadaion NaRdaikl-36e0alas (PN HIES a3 Ke that has

scenarios (>2) do not significantly contribute to performance degradation,
baemKs torhaRezamesapiable degraiatige- not considered here.

[0[RI 7] Thereode HUGS M U18.CoR 8r0f tagReaIBgins.aia delonnined By dse
2=12,..[0078] CR=123.3.5+N 1-3.5N Equation 4 [0079] The critical

of ayailakle cede R dhCHASTI IRk PSEPR BB HATEANY adiiration of the
puBRKmZ WaneA. ST 500 Adfoking Sdvmaaiicat casepiateuedd Turbo code

is to avoid the case where the surviving parity bits are overly redundant with
respect to the systematic bits, i.e., modify the puncturing pattern to improve
performance. One way to accomplish this is to sample the parity bits such that
all the points corresponding to one complete period of the semi-periodic impulse
response are sampled with as few samples as possible while maintaining the
same code rate and not overly distorting the uniformity of the puncturing over
the data block or creating overly large imbalances in the number of surviving
parity bits in P1 and P2.

[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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719, 7/8, 21/23,... and for rank-2, we have CR = 7/11, 21/25,.... [0080] The
ratio of the number of systematic bits and the number of parity bits in
either parity bit stream 1 or 2 can be considered as "parity puncturing
rate”. When surviving bit patterns with parity puncturing rate close or equal

opspuiand\the punchized fsausHerddstrteREp SESHt SemicnRsvEerAdhe
pameunhef phuwberceding antpHBsIIp G AcHatN IO Q568Tequal to a

whenever the average periodicity of surviving bits of the parity bit streams

RIS S{iR A BRED FRGEY PRI PEH&h S0t RAEEpSetR BRFfoss1]
100/8In two (DReaerdrsiadasiohsatemaishiaotereamployed aklematigario
uncuri tterns can be generate any stage, or by the interaction .
R A e FPATERAREIa G, AT LISt IoRm BRI s
hhos leeeintievelopatid @GN Reteabaibn 3GhPranibo sedeiriddat8Bince higher
Matching that icts the, performance degradation. The expression, ..
St snyeta At e

raviax Geatleni stilaieavdichiky? Busattos 2md Reteomsitiitied berdhe
ir{Rate of.ls e Rat tchi i ity bi .
Ll g ey R R R
icted in Eguation 5_below>d a ratigpal jimber that may be compared
to a threshold to acceébt/rejgStvtig con iguration as providing/not providing
acceptable performasge. The parameters rl and r2 represent the rates
associated with the 1st and 2nd stages of rate matching with resES%ta E)Dn 4

the parity bit streams. Although complicated, the Equation 5is a
[Ofeglewise [Fracatidad endawatss €Rctiondsprbd2tand wmihé refenerioiwaetoN

. evaluate, tor2-Lr2xrirng21-Lrfi1rR1+ 2(1l,e2)=Ya, . [(-VialRtr2 _
A A A AL T B A A s o -
T/ TUAG,r 2A285-cr 4t iv@ Sop ek 2wy Do e XHIL rtr 2/ LI R 255 (1) _

00601727V brhi U e b WA SR ek WO Ll et R AHBUP B Bavity

bits in either parity bit stream 1 or 2 can be considered as “parity puncturing

rate”. When surviving bit patterns with parity puncturing rate close or equal to
TN/2 (N =1,2,8...) are used, degradation in performance results. Some amount of
Turbo-coding and puncturing interaction will also occur whenever the average
periodicity of surviving bits of the parity bit streams 1 or 2 is within %1 or %2 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 15* stage of rate
Matching, Max Bits after 1st Rate Matching, Bits after 22d Rate matching} or the
pair {Rate of 15t stage Rate Matching with respect to parity bits, Rate of 224 stage
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[0083] A threshold comparison could then be based on this equation to

test whether or not the Code Rate pair will perform adequately.

Equivalently, the triple: {Data Block Size, Size After 1st Stage
Rate-Matching, Size After 2nd Stage Rate-Matching} can be used since
Rate Mplehinpw tireetydetdonardydetRatbhe aintjodsay duniceétbiot Biitiadion 5
b%%@?@g%%g?l%ﬂ%&tﬂém%ﬂﬂyﬂé&ﬂﬁgﬁﬁ_H&‘Q'&?ﬁ@ﬁﬁ%’d'%%@@%@jeeﬁ

the parity bits before rate-matching occurs. In this way,
the-prefsuvatiphesoBre ssnsingtoPTAB Sy aswen igreafesraanopent he
pReHRdiesaRliNg S JoResihiaies MAEIB8L (83l e Mo eonalits 0l g of

channel interleaver can be incorporated.into the rate-matching block

It medehing mithasspechdedhionania B sdariysadditinghesraplisatedothe
Ehedanreaiehingdiassliniaieaveedinsedeiaadinn theichaandlis therefore

interleaver) when the interleaver is designed. This however will require an
tYRG SR &V HIs#Eaver for the systematic bits. -17 [0086] Note that the

rearrangemgnt flthe non-punctured bits only needs to occur on a range
Al s ol gorti i oo b vecurse
encodirft bél ks of the Turbbo encodet!/Therefore, small time-varying
interleavers can b %%?f i Efe [y bit steams tp prevent problematic
puncturing f)éftfglﬁi’? "s'TF‘Lié’ fé f/ ?é"&r ’éﬁ]ifi’ﬁ%z"ié §’?n%Hbey and
helps to mjni e;tze the distzrtion of the uniformity of the puncturing. [0087]
Certain pajamet [ be a neti til it
index) tog%ﬁé@%u t&r g atr@f that ﬁT “i}:[%a 1%4r$§rﬁﬁ£g e
degradatiops.;Qne such >§ample fog 3GPP includes modification of th

rate- matcﬁn&bn@mﬁé%—&ﬂ_ﬁgm —W@@ﬁ%%@ﬂj&tﬂ@@lﬂﬂﬂ
throughout thé Lexecution-&f the ra atching. In this way, the

parameters affecting the puncturing pattern may change at one or more
locations within the block of bits being punctured. By allowing thé&quation 5

parameters to change, the instantaneous code rates may be different
[F088] the dedirdaelmid bongeriien(thetdblicaybidingdfenphictgnadion to test

wHERFENGUE S ANRDNY R 306 ¢ RS98I BN alently, the
triple: {Data Block Size, Size After 1t Stage Rate-Matching, Size After 20d Stage
Rate-Matching} can be used since this triple maps directly into the Code Rate

pair.

{0084] The effect of the periodicity of the puncturing pattern can also 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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example: 1) e_plus and e_minus may change frequently throughout the
puncturing algorithm thus breaking up any possible long runs of

deleterious puncturing. 2) Parameters may be changed so that the code
rate is changed so that it is higher in some portions of the code block and
[06&8) in othdlsie{fRgshemesaboveemethiofithareosxpmwpies el hiadifitatieeds to
oE%&%%EH@ ‘géggqfa&}t%‘&@w%%%ﬁ QPﬁcﬁ %&%fﬁ%ﬁl{bﬁﬁﬁ%‘}?@f esrégéé‘s%hofthe

methods may be‘considere Special cases and specl mplemenhtations

rwutﬁm@mgﬁngrhlmcéﬁb@fhnﬁ@mnﬂ@dm &hﬁ@&:ﬁcﬂmﬁ Bomterarying
148Y1836 1909 changiRgdne PYRCTMIRG, R ALEG:, QEDRERINY %f%%?ematic

permutation of the original puncturing pattern, has_the potential o

remshgiRE et trara [aebantir abratageolposoriog tesamesioa eng delps
tolasirespyaiall fedsdRie wviile aﬁﬁ@éﬁﬂtﬁ@l@lﬁ@gﬁj&%ﬁ%ring patterns

[qk‘)ﬁléadjusting the amount of puncturing performed in each stage. This

tHod; whERLHEBARMHAIMELE TR Be e dtior ansppalrnrsoEelddpe (or

bfﬁaiﬁd\éb@tqlaii fge%@ﬁgéhﬁh{%%d);ﬁii%ap@fﬁé@ﬂx fﬁﬁ%&%l%iﬁ@@t@?ﬁ?ﬁ%ﬁi@ca

ncrementa undapcy uffer. ner e apprpach,
dﬁﬁfﬂf&%@?ﬁoﬁr&aﬁwﬁo@fﬁéﬂﬁgﬁf%é@ﬁ%e&ﬁfﬂg%@g%%a%ﬁ%%@e rate-
nBiedas gSah thetepsdasisahly; overathpundeliph:padedesulishiRd8but the

Stage Rate Biasing is easjly accamplished b anging the operafing.
CRRSTNCTIHS FAT AL B ol GHis TG BhEoNEART Lot PR, the
puietieritizepptocuctads eh ngs cliamgar) ndrer b peifforsnaiidd i diation isits

tolerable., [0091] The combination of adjusting.the stage punctuting rates
e L B T A o
rafiso mmiigatel terqrbblematie itteiactiovebativede thdqithenehingppeidéng the

p&ﬂ?tﬁ@‘%‘n %5%8&&9&)%Hﬁéﬁéﬁﬂc%a%gg%ﬂggﬁ%%e%@Xk%ﬁrb%ﬁeaﬁate. For

e
splitting the operating point in to two points. of the points
exomplpoddstpine reitds efhinandnay shareeatéreuaesilsg oranghiizg the

p%ﬁ%gsggg[%@tﬁﬁg Eﬂﬁéﬁ?@é&%ﬂg '9h9LING REARIR ARE ML H8Aerious

The two points should be selected so thatthe overall code rate is
puncihaigd 2bBarpaisteriaiaydigichergatee phattithoctodmyaheds ebppgrd so
tHatk is higher in some portions of the code block and lower in others.

[0088] The above methods are examples of modifications to the puncturing

pattern used to generate specific code rates. All such methods may be considered
special cases and specific implementations of the more general concept of a
permutation of the puncturing pattern. Any method of changing the puncturing
pattern, i.e., generating some permutation of the original puncturing pattern, 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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number of surviving bits after the first stage of rate matching does not
exceed imposed limits such as an IR buffer. [0093] The present invention
provides several simple and efficient techniques of detecting, avoiding

_and/or correcting problemat%%‘giurjcturing patterns in the parity bit streams
impier praoliG il deipdiviel seactpragamgroine treidhe stages

sthyeiian degragations npnciHiesh gHatieeH eeligns coded transmissions
are reduced by identif)r%g)g a puncturing pattern which approximates a

[GR9%tular cotidgatats RHasRELR Rg SV AR hed DX B RS Re sAting
pABROHIRNCE WthhR thadehinaRittbe Ruasiy iTraaitar afdbtheteN@diCWREre

code rate. [0094] When creating_high rate codes via puncturing, it i
thenerdhigt SRR B: hsZe %ﬁ%ep&%{ﬁfg‘?%’é’ brdaleselle
[quengtured. Msingdhimagtisiebnadjuisging tialbiethat eestaimgoessateswéll as

requjre the resulting non-punctured bit pattern to be less effective, On

O P A LB S TREREHE R IR G AR A BBt e
paopkiinatzgligkiadtierpeabdeaf tie samieperingipatiprisendspenfedid@ode

rle{;ursive encoding blocks of the -19 Turbo encoder. An algorithm may
P%sgl(ﬁg%ghtify all puncturing patterns with degraded performance.
[qea51 In aPaidicatabe mivodinent af thdittentibe, cheretipgcityiof dn to two

U s determined. includi fer sizes.t e supp y

R e e o e
migieteinaf the foverarisodet ﬁt@m@ha_wm@bméwﬁmdtpmw
bit EBrSOL e GHRN AP AN -sﬁmﬁff’%"%‘i&ﬁeﬁrﬁbfﬂﬁﬂQl?efkf%féﬂ%&é rate is

puncturing and a second rate in a second stage of puncturing. [00961
ungvranty koltheprisdie i eedions efteesariabloringananse, corfctimgotal
nREORLEHALG RHAGR!IG RARINBHE Hf’é%é&%é%??&‘ﬂé AR RS HARY nbYOReed

codes is achieved without having to avoid desirable code rates. This is

imapparc BRIt AhRAIEP DD, TDD and other modes of
[oappMissiony anshenaklesidentificaipn/awidascs of reaigns ofdglatirrivnt
teggggq-[llé;b%fg %%%ectmg, avoiding and/or correcting problematic puncturing
patterns in the parity bit streams without having to avoid desired code rates.
According to the present invention, degradations in punctured error correction
coded transmissions are reduced by identifying a puncturing patfern which
approximates a particular code rate, and adjusting a value for anticipated
degradation in accordance with the matching of the puncturing pattern and the
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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performance, which might result from the prior art bit-puncturing scheme.
The invention provides for forward error correction comprising Turbo
coding and puncturing that achieve a smooth functional relationship
between any measure of performance and the effective coding rate

TrabaiaReriern Aonabmmitimanayerersie satiGent RrastByipe prttsns with
aencedarpuithRuaskying of the parity bits. Examples of measures of
erformance would be BLER, bit error rate, (BER), required .
I@aﬁla|-to-in@farm&931&f @W&ﬁ%@%%%@?fﬁé@ﬁ Tre prRasy of 2
WhepuRdtngaedreahiihededtingiass aheddad JRpRrissibn aWTRU.
articular data.rate and excluding some of the.encoded bits. the
S D6 e b b TRLP AR TR S AR ke g the
ohiia]] andethet décadjngt ebesatidn fedade dudfithmieceiredrsighmyvedpahgity.
issing bits. According to the. present invention, the puneturin ttern is
RS A TS o Rt e o RO ML A L 2 roand 16 T o
 sqparticstagpufipumictypagerns. In particular, if the puncturing pattern is

bulagpufhoscigaiagams. In pariculr, f the puncturing paite
Y ator 5 it S rodaen i el WEliing gudor

catesitsagcpud fenen {BO98IcTUne pratemsinivarichyidiatcarsanseyieiured
ngb %aﬁ%giﬂga@mveamdqalua@%L%%vlwa%fataex%z@igbd"ehiatr@st.e TR is

FDD. -20 [0099] One such example of a periodicity occurs when the
apRlicpblactitbeubilipateiions rohbile TR parbatbgtanedes o bbisdBithen:
i DLROIIRdiEIMPELas ofo 3RO Of BISrERsHSIVE PRRAiEY, HAckSTRh i code

Turbo encoder. An algorithm is_provided to identify all puncturing patterns
PeyfTIaEFa B IR T L AGamdRe BX AT SR BHRA AR FrleHHGg The
inRales ki Radesnsd sreathalrRerlerRanee Aok ibme TadsdiToding and

restored. [0100] Modifications to_puncturing are, used tQ restore Turbo

PR BRRE TR AoRieaas TR IR e e BB  firmany measure
of fuiEsticieddisadilayaifabit cadampiase RenIRRIfomANCAIBRMMSthe lower

S eicRlen she e pafern, Teelore e deomil
Eepaplaies, thenspestosmpadormay kewesld éd BLER, bit error rate (BER),
required signal-to-interference ratio (SIR), or required SNR.

[0097] The patterns of the puncturing are created by creating an encoded
transmission at a particular data rate and excluding some of the encoded bits. At
the receiver end, zeros or other "filler" bits are put in place of the punctured bits,
and the decoding operation is based on the received signal with the missing bits.
According to the present invention, the puncturing pattern iz 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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modification of the puncture pattern. [0101] Adaptive coding means that
on the fly, information is obtained from the WTRU that indicates the
channel quality. Based on that, the transmitter adjusts its code rate
amongst other parameters. In instances of poor reception, a substantial

18Nt of reaerahcsxeapi, andtiediatmotauas vy kheoteratmcbued
bW ich Ao danaier AhdaadaaHeR withd Berisa Wretb ek H9fdic impulse

probability. [0102] The channel quality estimation procedure does not )
reRPeREn Y thksesHIs e NMEiRg blsskafihe dipkatasadas pdncelgnrgthm is
plodbave bﬁféhﬂ?fdaﬂ %\ﬁﬁ%ﬂﬂ% B&%tﬁpﬁé" NRLg %Médléﬁicﬁélbf&@ﬁ&ﬂce.

on signal power and noise power, but it does not take into account the

Afitipns e mecsiertinayhdbe puastHiRg BRSPS Hoielommedvigeh that

ptherefoe-AMEHwITashsesde 19 Axige@roblematic code rates. With good
channel qualjty,, very little, coding is needed and it is possible to use a
A A A T S S o
Ifrady cedirhbRy g€ spstetiaebleddlavwatetisitiake tmprentidecthasdesiresilable
ror performance..The channel quality,indicator is d to mopitor the
R g e SR TR g A R
patdpacitTierofeasfdat by detesthivsigblofobmegstata trate talaiveséranake
uSHRROMES: fone o mpia users ng.cell e tunedto aproblematis adey 1,
rate, then those users are presumea fo requ?re more power no thare y
myetificatio@lof dbagityndinmeagratieases the problematic coding rates are

O th s T TOROA P eEn MU S us e ifom

tha s Bromieindcetesrtheivhnoa thmugisomesedaptidambuns apsapitter
adfiaReadinguio-his JalgHpation [y avaitipg-Nese fates RINGLAYP ARG, o

or statically. This can be achieved by detecting problematic patterns’or by
subsitapbisd ameandrofusdusdensy Wa{m whighEeRiisinchveandagcedeate,

bheyPERlemERieSHBR RSV ERREMISRIQRHS M&Vi@ﬁg_%gﬂﬁ-&%%mi%mr
slightly different. The result is, the problem rate is avoided.

probability.

[0102] The channel quality estimation procedure does not inherently take
into account the possibility that problematic puncturing may have been used, nor
should it. The channel quality is typically based on signal power and noise
power, but it does not take into account the fact that the encoder may have been
punctured in a problematic way, therefore AMC will not serve to avoid
problematic code 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 provide 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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[0105] These are representative examples of modifications to the
puncturing pattern used to generate specific code rates, as applicable to
layer 1 and layer 2 in the TDD and FDD mode of transmission in

accordance with the present invention. Variations to the examples
cifibe dRrmaBHcecab AR RIPOA RO A5 BR BB SREEY Spattalbe

deasesiand-spagificiipigmantations RiRE MO SosaRas3b R RhedErates.
pattern..Any method of changing the

ermutation of the puncturin NQ
ﬁ&%&tunng pakdFeIeat ’@gﬁ@%é&mafgmgwmmmﬁoa#% FRyppipm rates
ipuaciHiagpaiiein hHas e boienlialoehchandresthmoueral thesfhfnanation
methods .of

of a ¢cqde, and it is the jptent to inclu ermutatiqns and
b G CEh ALFARITAEE P HE ORGP GrOA SR ared by
dprashng irebidiantiéibmbdificatibpsising wiprovelnentabdetbfrbtgico avoid, If
a %”%%%igéiéﬁe ‘ eﬁéioﬁn%so%%fé’”? neLeing i dhe 5¢ Visp9ed 19, B8:ion is

Within the ambit of the presentin n{honx.n[(f 8?’ igure 11°shows the
pBiEReatforamnedchIdiffigidhy HISFOSGH Thenspoit Mothks pfibtrmasitg is
aﬂ.&%@m’ 4705 and 4858 bits respectively. All of them are rate 1/3

urbo-coded, and then punctured down to 6072 bits mapped to the High

[04pEkd Phydibas®oarslineBesratetiansahripissP DEGrNdifisatiesttto irthe

pEREHeA 9‘MJH%@&%9&9&%@%&%7@/%&3&@% ﬁé%)o?é"#(?a%r 1

(labeled 779+) for the 3 inCreasing transport blocks sizes. [0107] When
angchereiryitheheffEel ard fiRY rarede phlfanearaitgom dreaesprlanee with the
pREBEIIRG LS ORBEHERAC R @ 4T BRSRONERIAEK R EB RSl h8ble. ALl

should_ expect that BLER performance degrades in a proportioned
syphvaskaienymay bomprikeanifporiiseapisinae sRasHis Hiyermeméations of
tHeD %%@&%rﬁh‘iﬁoﬂéﬁﬁft% Ak goes thabhays hARReGrARIheRMDE Any

seen in this example that the rate 0.77 (7/9) coded transport block needs

meLhod SER ARG SNIRRHEATU TR P B BoldBP RSB BRATOER R RR R /oD of
tHbespme: Bbhfchlapproximaie\hie %hd0d&htiag washagintehe overall

R S R S S
ofrgepensga ke gaishiitetiviecof ke pumlitinpadanentlersvisaged in the
present invention. All modifications and improvements to the basic concept of
the inventicn as set forth hereinabove are envisaged to be within the ambit of the
present invention.

[0106] Figure 11 shows the BLER performance of 3 different HS-DSCH
transport blocks of increasing size 4554, 4705 and 4858 bits respectively. All 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.

10107] 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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deleteriously interacts with the periodicity of the puncturing patterns
applied by the second and/or the first rate matching stages in many
cases. This effect is increasingly more frequent for increasingly higher
puncturing rates. [0109] In the analyses that follow, a single R99

ingreasiBERing Brsckiie dnstrnemelioMeRer i RRsHEEpOdpy TAtRe  This
uaeRerAIbt s RAaNLREWitandwithayfinctameetabsgdunidaeyailige that

main conclusiPn for both cases Is that the _critical %Lé cturing {ates leadin

ths wiRVabgRadafoR et Lrprsarh Bladh ReRtS SR Ak SRfTG S rdban a Tate.
orathesdedraplexpset biqearameleis/tothe sakenBIE Rasu i rofid0RENE0 %.

ing of critical punctuging rates is avqided in the MAC-hs in the Node B,
G has (0 AR VAR CRRPRE o O TR dias IGRER Ty
(arireht Sthincrel s winaiicof tt ddae Hetalsaiperptoritgridosispesificas given by
dpRispenaton While thisiapnreach s freleraple. e oolciebles ised,
are complex and restrictions on possible -hs scheduler decisions are
- delghesiedsljUbidiaattewmithivebpatighiatp diiitatipns dreimgadetlertheapplied by

Ll R e e R S S S
ingheagjositinovedyanvenitdomatchingnsiy dnigherspavectieriogretemn
[0108P-212/28 1RO AEREIRLS B1dHA\R %iﬁ%f@@@g@&%ﬁ@@!ﬁ.ﬁmng%ck is

more importantly do not require any additiona signaling. [0112] Due to
asRETaphardATETApIiERy smerpieeanly spasnhaengrtin dafidated Botwath and

wISRRAAHRDDEEAEAP YO HRS RATERR 912 HWHQ-GRd6H Rt IR SteamSt the

and its transparency for the MAC-hs scheduler (simply selects whatever,

cridrrlprnstsEarates iradieg ik drseadhtienerrpndictritgigprigeiple,
bEPHRSRPREREERARAM IS BIRcS iR I3 2F BdalRAdasmmedu s RrRbRGdunt.

ilo-codof St P8 2E2H BB PYAURTAAB O LA SR LBE MACsPe 1o
tiRenRdic W)tk hRioHad thepesiticalimadvhetiapadiaf tedaildabensyafre a
D L DR e D B LR 0 s
inipden auvivng Waily this. approach is preferable, the look-up tables used are
complex and restrictions on possible MAC-hs scheduler decisions are imposed.
[0111] Alternatively, slight modifications are made to the puncturing
patterns as generated by the current rate-matching stages for HS-DSCH in
- TS825.212/222. These modifications constitute only a small change in the way the
- rate matching parameters 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 T825.212/222 to remedy this problem.
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[0114] The Turbo-coder produces 3 bit streams, systematic bits
corresponding to the input sequence, parity bit stream 1(output of 1st
constituent encoder) and parity bit stream 2 (output of 2nd constituent
encoder). [01151 Note that the constituent recursive convolutional

(B der is She Pnsiisient spcomsy eraraisidons S iribe huskereder
2 8HPRo5 Sedy asignsaRfihsmAWsR.LpsReasthat e SREedRIwRAG kriod

shifted version of the impulse response corresponds to the lgcations of
7 1nositive timeo1Thp curesst ety RatsRFsn oy SESHRiRSaGossTa
pAitHeIhiRforMatio N AR op LS Bad-aros0h Bilgratiansale seetRitednby

one of the ﬁarity bit streams. For example, let the TB consist of 7 bits

coBRistTER B SR ipdorRisH b FerRRih R SPET IR R HetliRine
[dhesgeven bitﬁdoy'mwb ¢aien qﬁrﬂa@@s:]pat afi@negesadsr agtstdil@mb ¥ hits

uncturing. Each opservation made at the, output is,a sum pf a subset.of
oS RO 2 L Oon 1 S i e DA RO e o EoPe et
esstotivingnidipperipbandrharifulsp ie sp@ns ecalstiteart ursivdeelcoding

lock. [0117] For, uncture pajterns, sums over 7.different subsets of,
LI e T IS B b AV LN S R
S)M&n?ou mm@mmmm@wﬂm regethdmttimg smanlivisidfted versions
offierendan, lneoyalues o ihe Llis maybe deiRURIDed: (A1 dPkne impuilse

OWGVGI?, wnen the perio |c:|ty IO]EFSUI‘VIVIﬂg Its IS S|mple one survivin
reganhsbitqyeespenidd batbetheestine af the Pedodhst T recursive

[031894INg blagk. tgﬁﬂcﬁé@g hepedodiclly pldhe SIonAloSYeR distributed

observationfor t>061Ist um of the same subset of the 7 bits and so no

infenmpiiom ol keobiisenbpEbiiseguert ibisswtalibiis Irene of Fhaparity

bip YA eAYRAURNSISIfORNBHATH A0HRIGHBSPIHHSTARRFR &%Inﬁems.
[0119] When the perlodlc% of surviving bits is not a multiple of 7, making

Nepwneidenshsrpreblemof brang tedetrmipasha sevaplbirsdg ehpesyation of
AR S BHE LAYRAL AR HYANP PanERN DM, THALIDEMErRISJE AHEEIgDthe

to uniquely determine the bits, i.e. information sufficient to determine the
opatsigigrpimegl a subset of the 7 bits. The subset for each particular
observation is determined by the surviving bit period and the impulse response of

the recursive encoding block.

[0117] For most puncture patterns, sums over 7 different subsets of the 7
bits can eventually be observed. Therefore, a system of 7 equations with 7
unknowns can be formed. Assuming that they are linearly independent, the
values of the 7 bits may be determined.

{0118] However, when the periodicity of surviving bits is simple (one
surviving parity bit per period) and the same as the period of 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 g0 no new information is
obtained by subsequent observations. Thus, a rank-1 system of equations is

formed and a unigue solution does not exist.
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across the surviving parity bits. [0120] It is also possible that some
distributed information is lost even for non-simple periods, e.g., consider
the case where the non-puncture pattern alternates between a simple
period of three and four (two surviving parity bits per period with period =
[0A)19b121] TWadbrerradiedsafsHorvins bibrd et apltinte piigmaking
OSUMVIRERATYLRIL PR BREQHITTRR SRMBAFEHTS L AROVES, 8_HS dguations

rank-2 system of seven e%gations. This is still insufficient to uniquely .
ts,

afjetcrepietbsgrEab Btbitd BUttobdTh gLeaRnER SuBitihihte spaigeely
ddbavmavisednCleasyosameiniammetian Rt ing JS R RIsodhe Hsited

for non-simple surviving bjt, patterns. [0122] At least two alternative

ACHORS AREHB B RGP AUTHAHE problematic interactions between
[0Led)o-coderiay b aogsiilachuingrnetiteita tadttiingn sthgess [Qt29%kn for
The,avqidance qf problematic,puncturing patterns js an approach that
BTSRRI e Ry A0 DAL PR B eR RS Sadern
aldegradatisstapenioasimpleyseriodridithceeniidationd foo rmapping gneontinbits
transipo tvplggks sjg s 1o, HS-PDSCHs. [0124] Avoidance would either
perléaﬁlrlg Git mBel%lo up tables that identify the problematical
fodgatiguratidhsierresalimting ahpepiedlidtetbdayradationpeiisresdioh with two
. ousIV. i : q s
sﬁ%&%ﬁ & Bﬁééég g&%&’&“%ﬁ% sehrdulst Aol advaiage abie o

e‘appro at no change in Current standards would be

syibquiretl seventeguaijopartiCbiarimmbilevsiicensdoltbauely determine the
gﬂ‘)%?%?%?ﬁiﬁﬁgl)%%%&@bg it?ﬂedd’ﬁ:?éﬁgﬁ;ﬂ@’cﬁé‘yﬁ%@@ﬁ@ﬁﬁ@!}pﬁﬁﬁisdt@a&ly,

it 1S complicated by the fact that there are several dimensions to the i
soppedrefortating aoghihe Tdemrnalsmbnires B ARl YRS bit
p¥ilhgiye rise to degradation. -25 Parameters the MAC-hs scheduler would

need to take into account in addition include:

[0122] At least two alternative approaches exist to avoid the problematic
interactions between Turbo-coder output and puncturing in the rate-matching
stages.

[0123] The avoidance of problematic puncturing patterns is an approach

that requires the MAC-hs to aveid using puncturing patterns that lead to SNR
degradation and does not use certain combinations for mapping incoming
transport blocks sizes to HS-PDSCHs.

[0124] = Avoidance would either require building lookup tables that identify
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-gpecific.

[0126] A disadvantage of the avoidance approach is that it is complicated
by the faet 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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(1) transport block set size of HS-DSCH transmission; (2) number of soft
information bits to be stored at the WTRU for HARQ); and (3) number of
physical channel bits allocated for the HS-PDSCHs. [0127] For FDD,
these parameters are implied by the combination indicator for number of

Fanameainratibn Motfedamdhndeisramonidmeatita talrinty aciaypidn addition
ih@pgport block size ki, (0 < kc < 62) in TS25.321. [0128] Described below
is one eml:iodiment of the_present invenft‘ﬁp‘. t&%tb includes a combination of

ion
previoushhd&apsBett tierkistlezeIar e o REE i fstionality
matches the number of bits at the oytput of the channel coder 1o t l.
umber SRS S SEFFARHE MG A K hdgnad o
The hybﬁ%@@ functionality is controlled by the redundancy version’
(RV) para t&Phe exact set of bits at the output of the hybrid ARQ

function a?/de nds,on the number of jnput.bits, the humb f_P%Jé@ﬁ
bits, and? e @%ﬁr%%?g%sr?%o%m I %é ’I%B‘m?‘“ﬁ&eg fﬂ%%%%?}%%ty cOnsists

[angﬁﬂirate‘%‘gécﬁjﬁ%“%ﬁ%% %‘%ﬁzﬁ’é@“&' byfter 19%:34] i\%?&gﬁg%&g%i&?ﬁon

ng stage matches t er of input bitsto the
indforimationrabobendfichas prbvidedi vy dhghod myehsl Nowfahaatf (hec i < 29),

er of i bits do t gxceed irtwablRduffering capability,
at%?e%%# I%%éﬁéﬁ"{%ﬁ?ﬁ% g%tg%r}eggi;@(rgﬁ%;ﬁa\t{ﬁtgl%g gl’%?e' second rate

[(Wa8dhing stabeseratericseline itimiserrobeoiisnemérofitbe presaiiéniing deagdat
iﬁQlH&%QH%ﬁﬂfa@%%%@ﬁ%ﬁi@%ﬁgél%&ﬂﬂﬁﬁeﬁS'PDSCH setin

the TTI. [0133] Definitions of notations used: N'T": Number of bits in a

QL2 missioh tienevbridhARe: forcoralitamatehes sherpumbesiafhida atethe
oGBiCHIBH DR AAkIET ANer 1 PRSIV nRWBRE LPHRESIGRE IEREMEEH set to
W%?gl? i:f}rlaenflré"]%%%ri-iﬁtllrg ?napped. The hybrid ARQ functionality is controlled by
the redundancy version (RV) parameters. The exact set of bits at the output of
the hybrid ARQ functionality depends on the number of input bits, the number of
output bits, and the RV parameters.

[0130] The hybrid ARQ functionality consists of two rate-matching 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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interval on TrCH i with transport format 1. If negative - number of bits to be
punctured in each transmission time interval on TrCH i with transport
format 1. ANpARnNy : Number of bits to adjust the length of parity streams
by, in HARQ 1st stage rate-matching. Ndata: Total number of bits that are
avililable fortherHSDSIGHe nadcTidtiaianiablealue of variable e in the
rate matchin% pattern determination algorithm. eplus Increment of

varble e intResizenaRhey phlbs iy AeEAn sRBHFR RSB RgY time
Decremeitttefwalr abErEhithettatesmapoltrfy:pastein determination
algorithm. b: Indicates systematic and parity bits b = 1. Systematic hit, x
.b:ggiigt;g&aﬁﬁy 1&%@% : g SRR tme
2nd parit fthd Yowe E’@J&BB%& EHt8hcoder), zk. [0134] The

HARQ bit:sepasaiaofiedianashialRa PRGN Ja e seeemway,as PIMRQ
separatloi}tfggatégq.gt%qﬁgg&gnECHs. [0135] HARQ first stage rate
matching for the HS-DSCH transport channel shall be performed using

thi' jpethod Belsdribed eel ofibitithhire ol ewanig bppefifichp df&rhtteid. in a TTI.
[0136] The maximum number of soft bits available in the virtual IR buffer
iseiix which is sighaisasasigter sjblersr BadheiArte pratddssThattern
nunfiEPrBrEatoR BIEORERT| before rate matching is NTTI this is

deguced fromoBiRemaNon ARIPthTARRINRLIRKELS AL AR AEIEIation
signalesl.enihe High Speed Synchronization Control Channel

(HS-SCCH) for each TTI. Note that HARQ processing and physical layer

sterage occurs indepardmmty ¢6r watabld AR @opidee gaeumesii bxdiveattern
-27 feiaThinninisigeratbnthan or equal to NTTI (i.e. all coded bits of the

b: Indicates systematic and parity bits

b=1: Systematic bit, xz .

b=2: 1%t parity bit (from the upper Turbe constituent encoder), zx.

b=3: 2nd parity bit (from the lower Turbo constituent eﬁcoder), 2’k
[0134] The HARQ bit separation function shall be performed in the same
way as bit separation for turbe 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 Nir 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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corresponding TTI can be stored) the first rate matching stage shall be
transparent. This can, for example, be achieved by setting eminus = 0.
Note that no repetition is performed. [0138] If Nix is smaller than NTT' the
: &&(it}/ bit streams are punctured by setting the rate matching parameter

Tl= NIR NNy e erbes dbsarigtsqaind 1o T (- traplideh dififept the
cAhddrRnangst formakin the refstencasabglavse. MNteHhe NAUatvehall be

value is expected when the rate matching implements puncturinéj\T Bits

bransRRg b U CRRERARRRRIB R e Y ehEl B apaehd ffgithat no
rEpLtHRsh ik the-tekalsdor the streams through the virtual IR buffer. [0139] If
first stage puncturing is to be per , the procedyre below shall be
. oS R T A O o RET L TSR R BBFved b
sefshpaHBARiL BmnThepasapRie AMANPART - iv Te/Blassrge: bulenetbtid and

the parity streams to circumvent problematic puncturing rates. The first
1 stfge teateamspiorindralettel iswhioalesporhfoiotelsn theueteuemepibtobbdause.

NSE R N M SRSANEANRARD i QTRAARS InlitlliRats

+11 round PR -round 111111') > S )Or{PR
ra9tbrRR. Bt stiecteR Ry piichyringwhicP Rppogr atsesigdl bogissendegand

A ] ﬁHEE{OZJaﬁlfJJ und - b ol through the virtual IR buffer.

{0139] If first stage puncturing is to be performed, the procedure below
shall be applied. Index & is used to indicate systematic (b=1), Ist parity (b=2), and
2nd parity bit (b=3). The parameter AN ..y :is the change in length to the parity
streams to circumvent problematic puncturing rates.

The first stage rate matching delta is calculated as follows:

if puncturing is to be performed

X,=|N"13 PRmL"—%———M; MNpwury =9; 5, =49, a=1

while (o < 4)

A= PR—round

i{[&[ > 3-%; r[ PR > %Jor(m < 11'9") then

a=a+l
5, =98
else if (1 > 0) then
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~L 11 SPRJ a=5 else [L-AN PARITY = ITTI 121X, ~POUItfl -f SPR a=5
end if end while AM!lju /21 ANPARrrm, b =2 ANi ANm/2~ AiV A,,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 matghing algorithm shall
not be perfoged for. e_ggr_frewg.ngin ~Paty blt stteam. [0141] For each
radio frame, thé'fate- atching patternishall be &algjlated, where: Xt is as
above, eini =Xi eptus = axOC emi,us = ax | ANA [0142] HARQ second
stage rate ntatehing for the HS-DSCH transport channel shall be done
usinglone of two possible methods. [0143] If second stage puncturing is to
be persf%rmed, and the Composite Puncturing Rate of one of the parity
streams, calculated uging the formula pelow falls ] any of the intervals
[91/128,92/1428,]4353,1#[ &NDa ;-E@Msﬁ:—rz
232/2561,1237/256,288/2561 or [487/ 12,488155’1 , then puncturing of
that parity s&rg__%m shall be performed. Note, puncturing maybe carried out
on one, both, or" neither of the two parity streams, but never on the
systendaifc parity stream.

end while

M.z{{_“ANf?/ZJ—ANPARm,b=2
‘ (—“AN;WIZFFANPARHY’IDZ?’

a = 2 when b=2

a =1 when =3
[0140] If AN, is calculated ag 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 = X 1 AN; l

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

{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,
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TT[ N 13 N-, b=2 [0144] Composite Puncturing Ratio, CPR=NT' I3 TT( N
/3~ Ntp2 b=3 N™ /3 [0145] Otherwise, second stage rate matching for the
HS-DSCH transport channel shall be done with the following specific

parameters. Bits selected for puncturing which appear as 8 shall be )
R AR RS BN M R SRS Sk e R BRRE ety
stPd 48] sHae pRramRisAf R serRand ARG RINE:$128E ARRRNERNABEL, or

value of the RV parameters s and r, The parameter s can take the value O
DSHREH OHiA BRI A EIERARh SHTSRRSIE BRathit iBFittsm 8 e Fs TR
=1) and non systematic bits (s 0). The parame %mtrg@_ye]@ to rmaz-1)
changes the initial error variable eta; in the cas i frrcise of
(@@gétition bathpacaiteRuschermgsFetingerResinitigl errar variable eiai.
The parameters Xi, epi's and e,aims are calcul wd a?%ll\fableb%gelow.
[0147] Denote the number of bits before secondirate Mi&téhing as Nis for
ystematic, bits..Npz for the, parity 1 bits, and Np2 for the narity.2 bits
D e o e ey e S B NAR 3 S PREH At Bpore
chigupS Sk BybPd diaawiths tive follnvbiexg ofiisitifvpilabiectotheBHS -B8Ckedrfor
Tl and.defined  a ala=zP I te matchi :
P e L e R R R 2 i Rpmted im the
stebpsNp® qrdadheibd imPecfoomed in the second rate matching stage.
The.number.of transmitted s matic DiS.] [ issiQn, is
O, AR or s o e R e S A BRRERAR Ednd op the
vilye of thaR Yiveraze it andp2 Top mxamabsrmssmtﬁﬂhathpr?@mtz@r 1to
d%&éﬁ?&ﬁfﬁgf&t@%&ﬁrﬂ%ﬁ@i5&&'%'?%&1%‘@@&%&]9&%i}i LEPEHR hon
rformed in the secon

is pe rate matching stage.’A similar repetition rate
syRtetniaiisthitimnts s Qefboahbymaeteny (range 0 to rmar-1) changes the initial

error variable ein; in the case of puncturing. In case of repetition both parameters

r and s change the initial error variable eq. The parameters X, epus and emines are
calculated as per table 1 below.

[0147] Denote the number of bits before second rate matching as Nsys for
the systematic bits; Np: for the parity 1 bits, and Npz for the parity 2 hiis,
respectively. Denote the number of physical channels used for the HS-DSCH by
P. Nduo is the number of bits available to the H3-DSCH in one TTI and defined

a8 Nduta=Px3%Ndata1. The rate matching parameters are determined as follows.

[0148] For N, SN, + N, +N,, puncturing is performed in the second

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

transmission is N, =min{NM,N{,,_,,,,} for a transmission that prioritizes

systematic bits and N, =max {N,,m, -(N i N, )0} for a transmission that

prioritizes non systematic bits.
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the number of transmitted systematic stematic bits to N = N Ndata ays -

L ,ys N,y, + 2N p1 [0150] The number of parity bits in a transmission is: N
=malx[I Nda'a-N",,Yxj-ANand N=N- (N + N) for the gpil 2 ~f
PARSTYlO ).t,P2 data +,.rys t pl parity 1 and parity 2 bits, respectively. Xi
[9348lemiuud’ ey HemarlahyiNT Mpnrspetifionis R marin fhepacond rate

2-NP1 2-INP1 -Nr.P1l RM Pl.2 Parity 2 N Np2 -N, p2l RM.P2 2 ..
ke B s e S R Pl e

above summarizes the resulting parameter choice for the segond rdte

thiatermrE eigaanRitied malamipaiimTedf eintis balcyratadyfor each

bit stream according to the RV parameters r and s tising e;Zi(r)=t(X

[6lars, ,./raaxfdamogepibdrt-1 isfthepeags of pitactuting, d.e. tNdalaissidhy, is:

+ Npl + IZ , and elojl(r):lv -L(st2r)'epics/(2r,,,ax)J-1)modeplui}+1 for

petiti SN > N +Np} +Np2Where r {0, 1.tsrmax,1}
]E?rféx ?é%t& total Aumbdr (%‘W fé’fﬂﬁr%)cl n(%/%Sergi%ﬁ% ;h:llr\c}){ﬁ’/’ed %va@;%a?% the
Note that rmax varies depending on the modulation mode, i.e. for 16QAM
naallY 2 ansheppksabie resresay¢:52] Note: For the modulo operation
the following clarification is used: the value of (x mod y) is strictly in the
range of 0 toy-1(ke~-1mod.10.=9).. . [0153] HARQ second stage rate
matching for the{HS-DSCH tiahspofrishann8étiall be done with the
method describdBetematin|ch sepatates ¢ably, sthéan) into segments
with specific par ket s calculated below. Bits selected fori-31

Parity 1 N.|2N 2-|N_ —N,
RMPLZ2 | i [V~ e
Parity 2 N,| N N, ~N,
RMP22 | | 7 Ve =Nea

Table 1: Parameters for HARQ second rate matching
[0161] Table 1 above summarizes the resulting parameter choice for the
second rate mafching stage. The rate matching parameter e is calculated for
each bit stream according to the RV parameters r and s using
e, (r)= {(X =l € pts | Trmax J1)mode s }+1 in the case of puncturing
ie,Ny, SN +N, +N,,and
e (N ={X, ~[(s+2:7) €4 /2 1) JF1)mode,, }+1  for  repetition, ie.,

N,

>N, +N,+N,. Where re{0,LL ,r, ~1}and 7, is the total number of

data 5
- redundancy versions allowed by varying r. Note that rmax varies depending on
the modulation mode, 1.e. for 16QAM rma: = 2 and for QPSK rmax = 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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puncturing which appear as S shall be discarded and are not counted in
the streams towards the bit collection. [0154] The parity stream will be
segmented into 3 segments, the first segment will be made up of the first
Legi bits of the parity stream, the second segment will be made up of the

RgtrsE itbidnanresmssse shightritiseatinfe sug armBYeriapiag in the
Legshitso 1Rl befirsliegpent is denoted by X1,1 ,X12"x xsegl The

second segment by xt,x egt+j | X ,xsegl+z>--2E,x,e82 . And the final

[8d§fHent by Rpssedpityrsireanx il dieasgganted dntogrgggments, the first
KM YOGh A RO8Y TP HIRBIRK LR THOSE-1 1§16l ¥Rieh i Xeidnd

less than 98 only the third segment exists, and if Xi Is a multiple of 98

SERTRE TP AR HRRH ﬁh%%ﬁﬁ%.ep@%@%é&é%ﬁé?é%%mﬁbe made

S MRt isremptye e, efigourse no puncturing is performed on that
non-existent segment. [0157] Additional parameters for HARQ Second

[REsE]Matchiny Stage dermproble datistpd betdring-ratds$8158] Parameters
P, Ndata, Nsys, Npi, Np2, Np,ti, and Np,t2 are calculated, additional

parameters te:defined deeinen {059} Brenstestre nilet;of parity 1 bits
before second rate matching after segcmentation as Npi,seqi, I}ICpi,segz,
Npi,segs forAhnd phsitynbbiteimdhe st ‘Zﬁd*éfﬁéi”:%%d’“’gég‘ﬁféﬁt"réé‘pectively.
Denote the number of paity 2 bjts pef cond rat hing aft

1 2l Peioes pRcond KRIERIENIPO A0S poaos

segmentatioWherhlp2,segi,"®Mp2,5e &tfs for the ‘parity 1°bits e
nd and,3rd : ] res Mely. I tchi eters. ae.
oo e e S S e el
mﬁéphrwfeaa rities ﬁmﬁérdqwmuhimjléthg@q@mlﬁné:ham wihere a
PRI R e?%%@@&&?&?@Hén%f-é&&ééﬁ%[ﬁﬂﬁcé&%é\@%%&ed on that

=56LNP+, /98J
non-existent segment.

[0157] Additional parameters for HARQ Second Rate Matching Stage for

problematic puncturing rates

[0158] Parameters P, Naata, Nsys, Np1, Np2, Npt1, and Np,i2 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, 274 and 3
segment respectively. Denote the number of parity 2 bits before second rate
matching after segmentation as Nz seg1, Np2,seg2, Np2,segs for the parity 1 bits in the
1st, 20d gnd 3v¢ segment respectively. The rate matching parameters are
determined as follows.

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

rate matching stage.

[0161] The number of parity bits after segmentation is
N s =42-| N, 198 ]
Ny pesz = 56N, 198
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Npb,seg3 = NPb mod98 [0162] The number of parity bits in each segment
for parity 1 bits (b=2), and parity 2bits (b=3) is: _I 49.Nr,Pb.[Npbl98J 1~.
Nt,pb,segl - [ N + pb 2 49N,,pb .LNPb /981 1 1. N, Pb.seg2 - N pb + 2],
Nt,Pbseg3 = NI,Pb - (Nt,Pbsegl + Nt,pbseg2 [0163] The parameters Xi,
epl"s and emiavs are calc¥latgd-a¥ penadbfe 2 below. Stream Segmen Xt
eplus eminus t Systema Ng N,,, Nsy" - Nt.sys tic RM S 1st NP1,segt 2.
[Disakgl 2'l NPiesaginbirpifseglitPhiityit Bih2acMNensaar RapkSeBR2(b=2),
NPt se%z ﬁlir PI( eg2l P1_2 3rd NP1seg3 2- Nplseg3 2 INpl,seg3 -
REHEEEE) 2L 5891 Np2,se81 Np2,segl - Nt,p2,segl Parity 2 RM

- 2nd Npz,seg2 Np2,se82 Np2seg2|-ir,p2,sepl, P P 3rdl Np2,seg3
Np2,se83 | NP2aeg3 -Nt,32s8eg3) Table 2y Parameters for dithered HARQ
second rate matching [0164] The ¥ate matctiing parameter etas is
calculated for each segment of bi elmsattiord tolthe RV

parameters r and s using %>~ N, 2
Nl.pb,.reg?a = N.r.pb - (Nt,pb.segl + Nl.pb,sch)
(0163] The parameters Xi, epns and emmus are calculated as per table 2
helow.
Stream | Segmen | Xi eplus Cminus
i
gzstema N, N !N g~ N ,,m[
BEM S .
1st Npl.segt 2- Npl.segl Z'lel,segl -Nr.pl.:egll
Parity 1
RM ond Npl,segz 2- NP’.:egZ 2 ']Npl.segz - Nf,p].segzi
P1_2
3rd Norsegsl 2°N i 2 'EN pLaegs N r.pl.seg‘:’}
I.St Np2.seg1 sz.segl INpZ.seg! - Nr.pz,segl
Parity 2
RM 2nd NpZ.sch le?..segz ]sz..mgz - N:.pz.seg2
P2_2
3rd sz.seg.?n NpZ,.vegS Isz,seg3 - Nr,pZ.segS

Table 2: Parameters for dithered HARQ second rate matching

{0164] The rate matching parameter e is calculated for each segment of
bit stream according to the RV parameters r and s wusing

e, (r= {(X P~ {_r s Troux _f— 1)mod € s }-i—l in the case of puncturing. Where

re{0,LL ,r,, —1}and r, is the total number of redundancy versions allowed by
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C,, () ={(Xi-Lr eplslr,,,.J-1) mod e pbs }+ 1 in the case of puncturing.
Where rE {0,1,L,r,,,,S -1}and rm. is the total number of redundancy
versions allowed by -33 varying r. Note that rmn varies depending on the
modulation mode, i.e. for 16QAM rmox = 2 and for QPSK rmaz = 4.

REBE Note Rt thetimeulsbpedtRintias e ity et rlakion modeede. for
b amuye, Qf-L9 @Q&iﬂ,}i@pg'&'tmwy@_ range of O toy-1(i.e. -1 mod 10 = 9).

The_ rate matching algorithm is_called for each segment of the_parity

[Q#6%m in wWhPtso¥esfheierrielt wearpbionihaoliewingclapScation is used:
tmajelingoalganitiny hrsheeny ¢alied teneadt ofithe thiee seaments 8. The

three punctured segments shoyld be concatenated together in their |

r8?f‘g¥ﬂ§?@+ﬁ]&?f6& S Sl Erh S BRSPR ERStFagen in burn.

i&nsenl,i, Xo,seql,2,...xoseg|,N, ' X,, seg2,Pxoseg2,2>""x0,seg2,N,.v,mY
g3d>x,seq3,2,...X0,seg3.N,,,,,.,, [0169] The HARQ bit.collection is

[éa(ufé ieved uﬁé%"é&%ﬁ%ﬁ%&l e éf%gf%&té}% ggg?pr%ﬁéngasbeen

calledofer ebrbved tinel ttokemegrarm tie tdrentheekffomeiined sedfomts @AMId be

L2 OLORSK Ny~ Ndata /Nigw where Ndata is used. 0170
ata I1s writtendnto the interleavér co umn]‘by column, and read out of the

[paHleaver Gdtemn by-coloatarsiteting fiotn thetiiestoeolunm. [0d@kpietsys by:
Js thexnumbegcof transmiged sy§temati%bits. Interrrjlcediate valuestr and

Rfe are’ Editulatét Uising: RIF2NEREYS anthn: =Nz ~";§g§"l\ﬁ"“‘f¢azéif'. [OF 72t
4SO ancbliz;0, the SYSISHIRLE b e s 1
EOth(g-rwise systematic tﬁ%g are %ﬁ%ﬁsﬁﬁﬁ?\g\%&;ﬁ@ %%gl}?ﬁi# Irst iﬁ%}le%]ver

oesttimiNe.afll,.if Nibenzabeines rows andneolnmins v diefinyNned-frem:
columns. [0174] The remaini e is filled with parj g . The parity
bits are written collrmn ﬁ@glﬁﬁ)@%ﬁr% mg T gro% espective
columns. Parity 1 and 2 bits ar%wrilt%n in ?Jternating order, starting with a
: P ; [ tIafa/ row
parity 2 bit in the first

where Ndate is used.
[0170] Data is written info 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

N, s
N =[——”—J and N,=N,_ —N,-N_,.
N c 1,898 r 0

col
[0172] H N¢=0 and Nr> 0, the systematic bits are written into rows 1.. N+
[0173] Otherwise systematic bits are written into rows 1...Nv+1 in the first
Nc columns and, if N»> 0, also into rows 1...Nrin the remaining Neo-INe columns,
[0174] The remaining space is filled with parity bits. The parity bits are
written column wise into the remaining rows of the respective colummns. 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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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 -34 with a parity 2 bit, until the end of the shorter parity
sfream, then the remaining parity. bits from the longer stream shall be

WitePaety 8- ttattdde 6r4 6 ARERTES R IR FRedR diRen ib s asmaining
wfiie Hittetleayehdndhgeerdesaavshalbibe 2vFpees, row 4. In the case of

for each,.column t [ts.are read,out of the jnterleaver in the order
BT o (L0 G L Al i G P PR it bdiont of the
irgstiictod:tinthire sitdeti oo ywoiel2ihrewi3t siage. HStRSGE: et QRERCRingach
IS, transparent it was shown that th rformance degradation arises from
Gt i R S it b A
[{Hi¥éilent perisblesityhef 4nelieis @ dheadbe. thmpdrtigiasuié was striwinitdato the

iC t Hi in the wnpunctured bit .
e Bt was

spevindheiieinafrsdulsydsarindrtdeiciises drmenes ohttve atiypubeiturea the
peiRRARit) bAeen9emansiaied dnaLRAHRETARGR S UATHRRS RS turbo

via exactly the same mechanism when the first stage is'not _transparent.
efprier dRneatiswWy Hevesptierira thadcatirths parblemrtitetedai tatps the
plst Al aﬁm@e&&eﬁé&tﬁim;@ﬁmmm{rem.%@%ﬂﬁ&kﬁgms lie

."Puncturing Rate" is defined to be the reciprocal of the number of bits
T LG Em BRI PRBIPRRIEINBR 7[R 8 FROGIINET esviedr T frngitraganamts of

thee angnatRiteatrearalll 78] Indbe wase AdweringesAamatchiRtrmance
dpunc’urlng that leads to degradation may occur in two ways: 1) A pattern

i BRE HUHCRRRA 0 e Hrdtesehanl D) Rhsaddin Eising go i not
thiisparaitred after the second stage; this pattern is dependent upon

Al I g o nachog s G e v,
tlde gradationfthesfvilawing biethddelegy hastirasddantedn original stream.
“Puncturing Rate” is defined to be the reciprocal of the number of bits between
punctured bit positions (inclusive of the punctured positions) in the original bit
stream.
{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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[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

att%m. The, first stage rate m tc%igg is only adjusted if the calculated _ |
R 2RI ERR A HSAROATES LohHHE S8R, W CIORES thB S APATPOTR & the
firsial E&fﬂﬂ htﬁémfi@im?@@i@@gﬁﬂ@j ﬁﬂﬁfﬂ@ﬁlﬁﬂdﬁ{@ bé%rﬂmlﬁ%ﬁ}ﬂ iﬂ_ﬁe}a_ number
second stream the number is correspongin ecreased_ slightly. This
R e S S au Atore e the
modiloingeribdicity, ot sttkeepin tothe dakahgmoisdiodd pupesddeliis thbilst

T djustment in th uncturing.rate, in each of the stceams is, .
R e D O RN Ead S8 ks SUERIRR in the
- prrdtuciod. OS] Batheofdbeonststags, ia kepiposificpurityusingliate ferve the
GRER &@@m&%ﬁ@%{@é’cﬁ%ﬁé‘ﬂ&}ﬂﬁé&c‘@’ﬁs to the puncturing rate

I calculate sf'

carried out at the first stage Is . e composite puncturing rate
iB8dth stredm ibaernpadetaatiraioarositeabiactvivicty padditts cadssiream,

whih medulahReHaNICRAUSDS, HAANAR6EE0 %Q%&fﬁ%ﬂtmﬁa\é’% first

arise. If the composite rate of a stream falls within a range of problematic
shage incalmkaiag: dlbesempesiippragtioienT DinfEr agabuTieasmn dsrepmpared

Wi aPRIRdIP the18Ve RAIY RBATSHe R RUBEHINA BRI eI friterns,
az%aia}eﬁ\éwll lead to a performance degradation, or is likely to contribute to

enfedipgitissratetiant srll stk Hatberompmeralinsiastape falls
withiher itpisqyReniEekiidhetiEs bo@HM aHREMisofatiiRad MR,

nt ANpofn, whilst the number of bits punctured in the second stream

LR o oo N TR PR TR oS T8 BB H OSSR L STHP SHHEK SGroams if
thiangrishondchtetierplacelis Dasad4e0nia kalauWategpaamates dukieRation,

R T e e gl ol
mabetiénghan th bﬂsdif@abﬁiﬁﬁéi@ﬂbﬂ%@iﬂﬁ)tﬁb&hithﬁh&diﬂﬁt @?ﬁﬁtﬁ@iﬂ‘@m is
rgeif]gxg%]ﬁj %Egyﬁg%pﬁérﬁﬁggﬁgg { Té] %&gn eerregfpl%@g tglrllplgtured in the
second stream is increased by the same amount. The decision as to whether such
a change should take place is based upon a calculated parameter, which
estimates the inverse of the length of runs of survivor bits which hold the same
modulo 7 position in the unpunctured stream. This length becomes greater than
49 bits (i.e. 7 modulo 7 periods), then the adjustment to the lengths of the
streams 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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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

Biibhite paretivethiearrol th o water € RoRs B mal e BEEA iHhmasigmance,

AlgertherrGenericalieibis shessibisuiehad ane M MatyisWdRaRaipT the
between the two puncturing rates -36 within a parity stream. The number
%‘F‘%ﬁﬁ? SHYCEIRE RO e performance, since the fraction of the bit

[Bream punciieshahbacbiratdichiigepanten ofttheomuimberof svdishingthat
oints. [Q184] The number of switching pojnts is set to one (or two
L ERRETHEE. HLCRUh TSI Sy Y B o oRREB et St it
sapinhithedissh lsegmpnt cisersg intetipuntiororipiate, tiastiveratigirals thigher
secand.uses a hi [ puncturing rate. If the two segments do not agcount.
R L g G B S R ek ey
stratis,pubkinlewgming trigharedis. theethirthed grmpmtisiept shbe, eriginal
AUONSRY BIGICRO SAEKIRE SR HAMANALOTAI BB AEy tne
overall puncturing Tate. By breaking the parity stream into a low humbe
corERety msﬁh qﬁlﬁ%@mﬁ@@@ﬁhﬁm&mﬂmﬁm@aﬁg@m Barbeeskipg the
e ulh SomenBGTAAABE S COARSRRs 101631 TR OHIRIARGEna rate

between the higher puncturing rate in the first segment and the original

Tpafshing cah g86ilyberyiedctiHng e TN nasesier es.
[g0gsthe origingd NBgOReRSBlig M0 tHIRisRlECY A OMSS Fate in the first

problematic rates to be avoided in all cases whilst not representing a
segmprbardthe risimebintyy PAe afpa BetWietREbRARTRY Bresiiudngate in the

seedifieddalentaichtng SigeREN, LU E6 LYY The SRR HTOANKIES RS for
Pgé% iously defined. In the ,minorit)éﬁf cases, in which either the first Qr

afggatesloRaRTritPh U rl catptrd R e aPres R gRE A St ificant

chagggaﬁlgﬁmﬁﬁgﬁae@ms and/or dithering are applied. Bpth of these .
AT A e e L S e
operates in exactly the same manner as previously defined. In the minority of
cases in which either the first or second stage rate matching would lead to a
performance degradation, unequal length streams and/or dithering are applied.
Both of these modifications do not change the body of the rate matching
procedure in any way, but rather therate matching parameters that are applied.
Furthermore, in an implementation, the modifications can be achieved 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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Furthermore, in an implementation, the modifications can be achieved
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 embodlment and alteénatlve solutions to providing detecting,

o#ﬁ hgeRoBIERRtCA FRREE 0 dEOPkBR ﬁﬁ@psa??e
Mmywmﬁmegn particularly shown and described with reference
to preferred embodiments, it will be understood by thosg skilled in the art
that various changes in form and details -37 may be made therein without
departing from the scope of the invention as described hereinabove. -38
CLAIMS : 1. A Turbo coding method comprising: employing a plurality of
rate matching stages for processing a plurality of individual parity bit
streams derived through puncturing a selected number of bits, 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; biasing the puncturing rates of the
P1 and P2 bits by adding a number of non-punctured P1 bits to the first
group and 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;
determining a number of bits N using 1V =1 41 + 11 wherein / is the
number of bits at the input to each stage of rate matching and P is the
total number of the P1 and P2 bits at the output of rate matching; and if
(T12)-77<I-Z+ 2, calculating the bias 2[11 4=max|-P-P-179-11
227N+11 22
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2. The method of claim 1 wherein non-puncturing patterns with a period of
7N/2 cause degradation in performance results and N is a whole number.
3. The method of claim 2 wherein the non-puncturing patterns will be
employed whenever the average non-puncturing period of P1 or P2 bits is
within 1 or % of 7N/2 for even and odd N respectively. 39 4. A wireless
transmit/receive unit (WTRU) comprising: a plurality of rate matching
CLAIM%‘ageS for processing a plurality of individual parity bit streams derived
rough puncturing a selected number of bits, wherein degradations in the
quality of punctured error correction coded transmissions having a first

%roupf_@tdmr@a/c%&%g)we%a%rﬁ&%ﬁgf gFrfiup oc1:I L;azrigy_ 2 (PZL_bits 3r§

identified, and t ncturing rates the and K Its are,blased, b .

Y £ P R R P B B o B GRS evidual pary
bit streglwerdasiiteg theongimbmctirngrs partiaddwbbitsfibithevdmrendigasageligns in the

quality $160HBAREE ArRPNoRUBEIHIBSHRY BinARded 1o HagifESh HHOURRRAA parity 1 (P1)
: rocesso confl%yred.ttozﬁ&g%rgjgg a rétm'{l?.er of bits NusingN =141 +1

bits an w%%?@f’ﬁ(gfﬁuf % HE Mmber Broits & et'ﬁé’?rqput to each stage of rate

niasordrigeapineiuing eatesaliioebe pod fhe bitsl kyredid@noits wn ke dutput of

non-pufiG-BaateNiNg 1Atk iheMIReRSS aankiguIes i cricHa8TSDIRR Al dd P bits in
o sechfNEANEN. 4 man I/NCL2 2N 51212 225, The WITRL ofclaim 4
whe%lH%B\ﬁ-pqum Ing paﬁ%ﬁls it pe 53R TEULS @é%‘fgdation
in Performance results %nd %is a wholeimiimber, 6. The WTRU of cl%im 5f bits at
R/%SF%IH“{}%%BWI%’EB&L [ DAL Will be draploVad SRV AH{RDer o bits 2
_average non-puncturing period of P1 or P2 bits is within 1 or t'/2 of 7N/2
the inpig to KAsh éf?@%aarﬂeré%?)%ﬁﬁ@eﬂﬂ%fi is the total number of the P1 and P2 bits at the

output of rate maiching; and

] A

<] =t '%J , calculating the bias

|

A:.max

2. The method of claim 1 wherein non-puncturing patterns with a period of 7N/2

cause degradation in performance results and N is a whole number.

3. The method of claim 2 wherein the non-puncturing patterns will be 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.



4, A wireless transmit/receive unit (WTRU) comprising:

a plurality of rate maiching stages for processing a plurality of individual parity bit
streams derived through puncturing a selected number of bits, 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 the puncturing rates of the P1
and P2 bits are biased by adding a number of non-punctured P1 bits to the first group and
decreasing the number of non-punctured P2 bits in the second group by the number of non-
punctured P1 bits added te the first group; and

a processor configured to determine a number of bits N using ﬁx[ﬂ+l J wherein /
2

7P
is the number of bits at the input to each stage of rate matching and P is the total number of the
P1 and P2 bits at the output of rate matching; and
the processor configured to calculate the bias

PO PO I S SR SN | 1 S S PO EAA
7]\,,}....1 2 » 2 r?f{:f{vi‘} ! (P/Z) 2 2 L.z
2 2 )

5 The WTRU of claim 4 wherein non-puncturing patterns with a period of 74/2

cause degradation in performance results and N is a whole number.

8. The WTRU of claim 5 wherein the non-puncturing patterns will be 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,
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