[ 0001] DETECTI ON, AVO DANCE AND/ OR CORRECTI ON OF
PROBLEMATI C PUNCTURI NG PATTERNS | N PARI TY BI T STREAMS
USED WHEN | MPLEMENTI NG TURBO CODES [0002] FIELD OF
THE I NVENTI ON [0003]. This invention generally relates
to the use of Turbo codes in general, and, nore
particularly to a nethod for detecting and correcting
performance degradation in punctured Turbo codes
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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 sequentiéll groups of Transport
Blocks (TB) defined as Transport Block Sets (TBS). Each TBS is transmitted in a
given Transmission Time Interval (TTI) which may span a plurality of
consecutive system time frames. A typical system time frame is 10 milliseconds
- and TTIs are currently specified as spanning 1, 2, 4 or 8 of such time frames.

[0007] Figure 2 illustrates the processing of TrCHs in TTD mode into a
. Coded Composite TrCH (CCTrCH) and then into one or more physical channel
data streams in accordance with 3GPP TS 25.222 v3.8.0. Starting with the TB of
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data, Cyclic Redundancy Check (CRC) bits are attached
and TB concatenation and code bl ock segnentation is
performed. Convol ution coding or turbo coding is then
performed, but in sonme instances no coding is

speci fied. The steps after coding, include radio
frame equalization, a first interleaving, radio frane
segnentation and rate matching. The radio frane
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- . specified containing a predetermined number of Transport Formats (TF). Each

TF specifiesa variety of dynamic parameters, including TB and TBS sizes, and a
- variety of semi static parameters, including TTI, coding type, coding rate, rate
matching parameter and CRC length. The predefined collection. of TFSs for the
‘TrCHs of a CCTrCH for a particular frame is denoted as a Transport Format
Combination (TFC).

[0010) -Receiving station processing is facilitated by the transmission of a
Transport Format Combination Indicator (TFCI) for a COTrCH, 8GPP optionally
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-2 provides for "blind transport format detection" by

the receiving station, in which case the receiving

station considers the potential valid TFCls. \Were

there is only one valid TFCl, that TFCl is used in

either case. [0011] In 3GPP, tinme slot transm ssions

are made in predefined bursts where the transmtted

physi cal channel data is divided into a beginning tine

mbitles fop Milimhiranshoztfoemet detectiontbythoredivibg Satiof, in which
eI cted mdanbl.e is included , between_ the two

WWE R §9n5ideaF the Retentinh vl ¥ (s Whesathgre is

| oﬁge@ﬂémmmx KhaPPPU! Lotk inlalfhePRides O ©i ther si de

of the m danbl’'e and al so between t two physi cal

@Gdhnel dat 3GPBBy timenlot Msmmrqmlseage fmadn B:C?Radﬁﬁned bursts
whitro i ity ten Brdoiont el ita g o p DpfBbung time slot

: poﬁmnmﬂdrmi ending . {ike ﬂbﬂpbﬁ@beuﬁéeﬂcte@ RhREeIB1S ikRecluded

t he FSSI In_Fi ure.Ar the CCTrCH i s mapped
ﬁ Ry pRgsic chamRALelatpertions yTher e Chiswarrently specified

‘. a§ﬁ%ﬂ§1%!1tté&‘ﬁit‘dﬂ)ep°a F]J]&l i El%rs &é)&']bﬁé gﬁ&%ﬁ%lséﬁeﬂb@n@m S

are |a ranms of channe
chamsed datacimruenw Tho aﬂ?ﬁpﬁs ﬁmma&*@?Pleﬂ&BMV3 5.0

DD eC| ons
ﬂ?ﬁ@%@%@%@ X5 1 B P UM ez PG PLesks abeled MA
repiresents KRy middebleradd0the PREE MBI T RbfeseARAEHd ¥ai®h o the
t el econmuni cati ons syst ens. In particular,
T%Lefpfﬁw%mg CAYCH e mermpad e hraphysicsl diznoels bt only one
fi t le f
P et fons T & 3GPP Syet em
IOPDZi14] TRigwrex &di, n§B pand ch pires diwgvemb omﬂwdhammbismﬁﬁgl and
Lications in . information ar av
HIPERE SRR i ReeaEiRnce oT bk ST Feaien datrion dplex
(Fm@béﬁﬁcaﬂ'&jﬁse principles are used in error control,

detectlon i nterference suppression, equalization, and
'Bﬁ?ﬁmﬂmam&@ng et@ts aupbnmsed imeptpanuyd cetBoresRstams

ry c stemgatic_cponvo utlon
P 1ch‘pd q{e%ﬁ %’Ican %Jtﬁ q’%la‘ng afhé CEBW%’ wireless
teldemnnhlumg:atmns eystems! ngRirticilad theGaricecoidigs 610l!lﬁe daltatbemg
¥E§C érithetransmssmn of digital datathroug
Profiepseg, 1oR vIrglegsriepRsmipgionplagy é@wﬁcﬂww@; rahgth TDD and
Fmgﬁhmatgﬂﬁ%gg@pgﬁ | n which, under certain

condi tions ata transfer rate can approach

- {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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the theoretical limts of Shannon's Law. These
favorabl e conditions generally -3 include |arge bl ock
size transfers, which are particularly useful in

nobil e comunications. [0015) Figure 7 shows how
particul ar codes created by puncturing exhibit poorer

t han expected perfornmance. As nuch as a 4dB | oss can

be neasured in the critical Signal-to-Noise Ratio
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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 measuring how close the puncturing pattern is to being
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[0019] Regi ons where performance of the punctured
Turbo code is degraded can be determ ned by neasuring
how cl ose the puncturing pattern is to being -4
periodic with period related to the period of the

sem - periodic inpul se response of the
recur si veencodi ng bl ocks of the Turbo encoder-: [0020)

For a 3GPP Turbo encoder, the constituent recursive
pericdidwith gericd relabed tythik perio @ 6fM8 S6mi-Patiodis itREhlsOflisfonse of
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- sempgeriodicainplulife re8F0Hs8), ¥8ms 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, i.e., a rank-1 system of

equations is formed and a unique solution does not exist. This is due to the
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encodi ng bl ock, 7. Then every observation fort > 6 is
the sum of the sane subset of the 7 bits and so no
new i nformation is obtained, i.e., a rank -1 system of
equations is fornmed and a uni que sol uti on does not
exist. This is due to the -5 periodic nature of the
signal . Wien the non-puncture period is relatively
prime with the period of the recursive encodi ng
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results in a non- punctur e rern

nonwimpler pemodtg ®a; lconysidert thep esdsepaihicps thé' hengameture pattern
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 alERles Brtarog A rimile Beried of (hiies,wpd 1 (L Dot pyporiod 7
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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.

10027} SUMMARY OF THE INVENTION
[0028] According to the present invention, degradations in quality of
punctured error correction coded transmissions are identified and the code
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[0027] SUMMARY COF THE | NVENTI ON [ 0028] According to
the present invention, degradations in quality of
punctured error correction coded transm ssions are
identified and the code 6 transm ssions are nodified
accordingly. A puncturing pattern which approxi mates
a particular code rate is identified, and a val ue for
anticipated degradation is adjusted in accordance.

tasinksnhigsiormt (Hi'bn%&fiﬁé&eadwf&ﬁ i ngAp or ML @ hich
artjcular code rate. [0029] l‘éor botﬁ]ml: > a WO
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techni que c
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[tiple transm ssi ons
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that the surviving bits |ntoa

'Pﬂ@éiam aeatreddrecpusecthe ﬁWﬁ@Ul(Ilms ceetpén icapabilities, certain buffer
sif3E BLAAE oo Buiouty 00 in UBE B R AP o 1 e G ssions Hhe

ar@camihmadtiniﬁ the buﬁbf; thérec@6ltw@stagbLof fituring. The first stage

fr% %glenn& on plot. Thus, there are two rates now

oLy See%(’“ghttétﬁ sueh thpt ke sumgwingrbits fit into a

buffty) ahd

puic uﬁﬂ%‘ﬁf oot it REGRRCHELARR P Achipvothe degired

overal cpderadat the tovo stRddsre? raimmatohlimgl gréwoaﬁnﬁgd,fg;ﬂobof
est r.ate tchin |s | sin the

probiditde M5 &f coliie milE i SAE T

tvwﬁfatés ﬂm tnvddvat, Sﬁﬁmareeamaiﬂ@ﬂ}st swgé & lﬁ%ﬁ@ FUPS rate

3 enpl oyed at each stage of e rmtchl ng for
m%l%ﬁ"@% ﬁ??@eﬂf@u@@?m@@ﬁl ng performance in punctured

100504 >0 e AFforaRil B jo A BRBEG-Ie e ARG TaRRRE Prp2
purcHBiEAbiasing for a single stage of rate matching is implemented using the
punctured error correction coded transmissions.

(00311 - 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 R5 High Speed Downlink Packet Access (ISDPA).

{0032] 'BRIEF DESCRIPTION OF THE DRAWINGS
'[0033] Amore 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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[ 0032] BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0033] Anore
det ai | ed understandi ng of the invention nay be had
fromthe follow ng description of a preferred

enbodi nent, to be understood in conjunction -7 with

t he acconpanyi ng drawi ng wherein: [0034] Figure 1 is a
schematic diagramof a typical ODVA systemin
accordance with current 3GPP specifications; [0035]

vﬁﬂgtheeaczomﬁaﬂymgchﬁﬁgwhéyeggram of TrCH data for a
% ) accordance with 3GPP TDD specifications;
[ Filgavees L 3s #nachemaatic diaggamnef otypinah6BIMA oyiskegn in

s miet ccordance with 3GPP TDD
a@f%ﬁ%&ﬁ%%%%@?%%‘?%ﬁ%%&SA 5B and 6 are
38Yr ans Bgurehdime lprowdsing (ﬁmgi'annuf TiGHakta qfﬁaﬂ?h&{ in
0038

ccordan 3GPP..F eC| fications;
gUireE T gh'g@g @%Pégf*c’iﬁ of particul ar codes
[ﬂmshg cr Fagads Byandoa'asd &iragmns BhEhriRE cfBIRE 283 lexing
| oss, can be peasured in critical SNR vaI ue; [0039

exqrgples nBa?jPH%ﬂﬂc@ itk 3GEEi BYP spreifisriionsequi red to

e obiet 08B A6 T Wikl bl 3Beplf hodihg an
ma#ppheeutg e[x@ﬁ@lhis ikiageordaficd With 3&1@ dF@‘D Eﬁ@%&%ﬁn&}q ic ]
re rir ic

o3 The iaves "GRBRS horin iogoih el ok forcotestning revkad by

pddctetingheie 68 Mlich! AULER Qéssrcﬁh%e'ﬁé&m- criti |SNI:&value,
reépectlvel y; [0041] Figure 10 is a emat | C
[0883%¥gr am Eigswe & ?@hmﬁﬂﬁdeplctﬂihemeqlumeé toraeckssfiglyf decode

%ﬁe #& graph| ca I%y&gg%%cﬁgbahﬁ%' g]gglﬁ) £ enklfP2

i@amﬂxed HS- DSCH transport bl ocks wth cert a| n
ecti codjng rat 0043 DETAI LED DESCRI PTI ON OF
[0% oRerBeRer E%/EC%P?/ERI‘F%S 10 neamalé FBItR gRepechitp tAn
ordéi@d gﬁaﬁﬁﬂ‘ 1£2) vANiRR i@ 13! Petaif
i ment’s )are di scfs%es BPIL et ect gng, avigrsd;reamsmthe
ﬁr&h@d)q;ecg@d plages n@rathmatphmhl msglactweﬂmnct ur i ng pat terns
the rit r eans ut haV| .

A "7 e yeblsln bR ploe it Gromhth g it for sGPP
raﬂeohmhi@ foy rmnm Cisth aTurba ¥ededl HSANSCH; bhd @ ‘
[0042] Figure 11 graphically depicis 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 havmg 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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FDD, CDNMA 2000 and TDD Uni versal Mobil e
Tel ecomruni cati ons System (UMIS) nodes of
transm ssion as well as other npdes of transm ssion.

-8 Additionally, nmethods are descri bed hereinafter
for nodifying the puncturing patterns such that
performance of degraded Turbo code is restored. [0046)
In accordance with the present invention, the nethods

di scl osed herein may be inplenented in a wireless
and/or a base station.

t i
Her el na el%ggmga_um é%&meremd' tex foromodifiring the puncturing
LEattmhlsh& tlwlt@bﬂbﬂnaﬂcb%ﬁ&’e ﬁdm}b‘é cﬁd%??&ét&%ﬁ unit,

deV|ce ca

p@gg@t ny other ty 51

i ng a%POWa.ne? félﬁ\nrﬂmimnventim;ather mithodedistlosed

higeresi thay be but. is

to a asjé stﬁléélg%ﬁnwam fljgﬂ grng]t{ reS?IYee?mP@ggé“ﬁom

ﬂi’ﬁsﬁts mmreﬂfvﬁ'BRUgndade}Ebuhs awotifindled 36 a UE, mobile

N6 IR phical ly de s, the
“requi rgr E’ %%i%%g@s%g "'3}’5%856’5 any gthﬁ’é'iyﬁg dt&@k'e capable

SNR re
o romsragcmg &\R)Wlwleds dniviyonipeot) a Whdr! yeforsd whéieﬁﬁmR%t Fase

whas, i,its PI/P2 is applie

shomnbl n k gur lslga'ir {‘mﬁﬁg tp @chasesitation, ?de'%aﬁitel wytgller,

 @otes point at adlebinwﬂmmaaél&gmtmﬂefésse&éﬁonﬁn? Tur bo |

- W@Yéexhl ﬁoor t han expect ed perfornmance, as can
e's

en f dﬁfrﬁ y depigty éhef $NBrequirdddosessiudydeccde
data bloci (cait ct .t.o
B oy o SeBTENEI SR pr el iy Vaful Cofl REEAGen bising
?}ﬂ?ﬁ‘?'ﬁ ‘FFgPVE’ lf)applteﬁ shoven imFiguee 7f itrisis lﬁaﬂgftﬁmﬁ%dt
4 E2L8alkR Ee ectlv e, s
?hlg?gﬁgﬁfgd partl cu T r%ué'f'"(ﬁi ﬁf%yﬁgﬁfﬁsgo gade exhibit
dqummnbg{ as b beBedll RoBHES pedliddh R RBure.
gg@l nati rat %t.rt% partjcul arly, probl emati c.
? I n” &ne er’f%g ?rte e {eiema@cmeg@mgw%resp@ntmoyan
qrdemdmxdmﬁ,rmmﬁh atdfhe SARE bﬂﬁuﬁ&ﬁnﬁ kﬁﬁ-d&? sﬁélaﬁs in the
(F ure Olsaschermtlcb
(?15&(% Svidar fﬁﬁ%n#fﬁhmgaemcﬁwelyrmnhg séent there are
pamaﬂa T t
e L U bt g I i bl e g

t% | enents .a 3GPP rat
4 3014 qouhingfiongof U%té%mmcdaﬂarmohlemanbrcwt 605, a

fﬁﬂﬁadgﬁgso?@&%ﬂ% el udsie o Wh il
]@gpnsgbftahoh&asﬁagé ratdl hatéhingn CHipGid 10 §2a. scﬂ&ﬁaﬁ% hidck
i, SEBE Bl o0 machR Léja%;fépfmggz' PPHERA, winga
Tmmclmj] HS-DSCH. BEScirclii®y $06 $Rp1ARs THEP Ao MeftGng
sc%%gxe 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 cireuit 650 for the second rate matching. In operation, the systeﬁatic
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includes a systematic bit rate matching circuit 640, a
Parity 1 (Pl) bit rate matching circuit 645 for the
second rate nmatching and a Parity 2 (P2) bit rate
matching circuit 650 for the second rate matching. In
operation, the systematic -9 bits, Parity 1 (Pl) and
Parity 2 (P2) bits are processed through the first
rate matching stage 610, virtual IR buffer 615,

second rate matching stage 620 and bit collection
e Parity 1(P1l) and Parity 2

((:'B 'lﬁﬁhtg 212 éyo a%‘ﬁ? é; &?’zitﬁ 22@8&!»%@ aré/propessed yhrovghthe first rate
binatchirgostage/6 10, Pinusd TR Fidek 6Y5, 2eédd@)ral ‘%‘é‘fﬁ?‘% stage 690 and

cbq{rbi e@ at. the hjt._collection circuit e

a sF"ABeF ‘”Hﬂf%“foﬁgp Jotedhatthe Parisy 1B bandBarity(2 (2 bits are

rvedted [ i t. j

o e Tariehe [ndlsyrelrpute 675, PARY 1F1 PRI Py 405 itk fre

Semhined 36 the bitregHegtionaincuit 125 to pravidpasiigle ddth Sutsitae..
[ i d d 050] |

PRSEnat® i il b or 18 bbats T o i pqalbottha pizb pithe

ditredr B buffer 615,ithe fivstoiato Amtyliihy shire689CH tt@fhsp¥redt. The

' [ r circujits, such as m croprocessor
gi rcgﬁe‘rﬁ%{i&gﬁ%ﬁg ﬁa%ecm%}h%@b&ﬁw 'P%Qfea‘fﬂngidered-
10050} uct i dmsts ateeal isgpberhéritaticn, i¢ W l’an{iéiBE%hQﬁﬁt HaCliffefont
-biwjiﬁgen%iot he ihnl\g(egntl on vvou! d t heref ore be a nmatter
6 chol t&'oBF Yito% eEsHiadyhy iangormen ciizcuiti err gireuitshisnch as
tlberoprbesoREisdi, afd b YoddidaRByith %Qégéx%ﬂﬁ%g&%{,‘g?sal The

m perfornms puncturin

mat chi ng"jgl gorjt .
— m@c cprguié fgnctions ysed totimplemers tha dnvenpioh ividubithidrefolebe a
Batter bAkKoil alurrently . .co rates ]

r e;;t‘ gr E%ﬁgeﬁlogﬁ%%%%%pﬁesq’é%&@ %QBB‘P%%ﬁ Jatsmatcline

%W%ﬁ?%g rate to both P1 and P2 bits (to within one
[Bb%7; but ot (fferen yncturjing pattern _phases. In
ordie]r to '%!\'/eoéla d’%‘% - ﬁtr‘ﬁ' HmPeperpy prRcturingif erpdhrede

g
Tateois gredterithah 4/, Rpetitifeif :
egsmfg{)r g%i andMPé%qggﬁigﬁsd%g%%W;@u rr&ﬂfy

cturing,r
iRl E‘E%Ferg?;‘ﬁw Sare;accorplishert bz applyim thei seme mncturing
ractocth P1 Byd P2 TTTALs I §.hS Increased
b¥tA’ the overal | cod@?ét e i gé bﬁgﬁgﬁg{é%ﬁ’g% eqtt%mcgmng
PRISHH Bhdfesc I orfles tn aveid inog-puactwrity madvdinitias/shiat heve been
skdwWE o ddghhde AR i.ding,.the probl emgti qQde
rat es aéri11 anglféy.t | chO&é’%ﬁ ?}és%sﬁg%%egpberp %%gaﬁf%f"ri’l and
PBibasp&msdwlgﬂcfum. \&ﬂ exffPRf the ﬁﬁﬂbéleomq:iw‘{g \d6érBRded
| ne puncture patterns is_ biasing
bfe l-rAe rh%@n@%r ﬁ%‘%‘i’ﬁ?fgﬁ %&’éﬁ i5ipgrepspdphy 4 n thepovaspll cade mwate is
uncidingedBat 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 patternsis.

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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puncturing to one and renoving it fromthe other. The
amount of the bias should be no nore than is needed
to avoid certain periodicities. In biasing the
puncturing rates of P1 and P2 bits, two constraints
must be nmet. -10 [0053] Wien non-puncturing patterns
Wth period 711/2 (11 =1,2,3...) are used,
degradation in performance results. These

punct att e Wi | | | oyed wheneyer the
[dgjégJ age n% P h’ﬁ"%ﬁ’ﬁgﬁ"’éfmﬁ%@ﬂogﬁ%’ﬂif\’s— 1,23..)

- areiusbd fdefﬂraliaﬁbn‘i'f? z%}ﬁc’e?regtﬂfs SMidle ﬁBH' gﬁg?l?ﬂ%ié Ratfemns will

respectlvely e average non-p
bQ)f’mPHB’eFMWhﬂﬁ:VEQ theaaeerage thnqg.mdﬂhtﬂfé( em@d oF (/& P2 bits is
ere | is the, nunber of bits at the |nput to each
wishusehorstarof 76V /hforeven gnd oddPisrespectivelyal . nunber  of
parity bits (Pl and P2) at the output of rate
- mat ching. Therefore, the desired code rate will |ead

[00841a pr oFheaNetage nonsmincturing patet afithe Pl ad P2 ral: mibtching

bl 7P BB e o Ribet of ity Ab Sisinert i orsh iemch gf rate

8 maﬂamngamd P ibithe tdthERimber aﬂgaﬁty Bis (BngadR2) hwehe output of
constrai nts_rmust be net. 56] First, the nunber o

rele FRANRG: b pereforespthe ti9815¢d ¢ zale Willigad tea problematic
uhP& rﬁ@ﬁgﬂt%f iciently by an anount A to avoid the

P pro tic pl?jncturl ng patterns. Second, the nunber
stream 2 nust be

of surviving|bits g par 'NVLE'{

decreased by <imoph sthat is also sufficient
to avoid proll)qpéﬁ);t% n% |ng patterns: [0057]

These two constraints can be conbined in to the
‘following expression for A where: 41 [0058] ARqui@ion 1
I -1 1 222101 1 rr 2+11

»

for N >0 where,

2
ﬂ

l4I IJ
+
7P 2
Equation 2

[0055] In biasing the puncturing rates of the parity bit streams 1 and 2, P1
| and P2, two constraints must be met.

[0056] First, the number of surviving bits in parity bit stream 1 must be
increased sufficiently by an amount A to avoid the problematic puncturing
patterns: Second; the number of surviving bits in parity bit stream 2 must be
decreased by an equal amount-A that is also sufficient to avoid problematic
- puncturing patterns,

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

expression for A, where:
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LJ 1l | Equation 3 [0059] Alternatively,
non-punctured bits may be increased in P2 and
decreased in Pl. The procedure to determ ne and apply
the necessary PI/P2 bias is as follows: Step 1)
Compute N using Equation 2. Step 2) Determne if the
desired code rate results in a problematic puncturing
pattern using Equation 1. If it does, continue to
Step 3, othfrwfse setA O (if I 7NI(P/2) 1 212 J

tep 3) Conputg the bias A using|Equation 3. Step 4)
! ute rat i _}5@ y nodi fying Table
in TS25.212[ 223/ 74 6D6(H I2n [oketr]{1 0 avoi d puncturing
patterns thpt geade Turbq cpd per formance, the
anmount of puncturing applied to rity bit streanms 1

and 2 respectively could be slightly different 'E&‘Héjli@nS
nunber of . punctured bits

' t [
(GEBRE, e Alfesety Sty mompenesed 1Gie pnicboriacronsadsin P2 and
deeaded iRPl. The dutStolRELRARE d%ﬁﬂ? tlﬁﬁ ﬁecessw Pg.(.l%2 bias

.accordingly, the nunber puncture pari

185 feldows bits is increased by A the overall code

rate i's unchagged, Jput the problematic _ puncturing
‘patterns Canaﬁgépélx)éfmte&fd%sé“&ﬁ&ﬂaﬁwzeol | ection and
bit de-collection stages need to be adjusted

cor r espondi ngPi¢Pf Hr Detrmine 36 the desired naiide | wit@lresults in a
regions of degraded performance tend to be small, it

may be apmoblemagfio pembimriignphitermusing Hyativa 0Of Hoiedoes,
rates with, degraded performance. -Since code rates with

- 12 degraded perfornance can now be id%ntif,; d using s

t he abomnémuatti-n‘étep&,btliesw'me-ssﬁmbe{ﬂial_l.ér_aggqu @lfﬁ‘z ).
them [0062] For Hybrid Automatic Repddi2)re@jest 2 [2
(HARQ as deployed in 3GPP, it may be necessary to

enpl oy two siSages) Obmpa s e ANGai a8 S
) mbrgﬁtﬁgﬁi‘ﬁ ??]ﬁ%li?@ag%%llgéyed and

whenever i ncrenental

the nunber ofgihi 'Hﬂi{ft ate-mat chin g
algorithmis ft%r%ipot ane't;r%téet ;\;[?art?%]%% If%??‘?%%’.y Ng{igymg
t hat V\Ih%ble

in TS25.212/222.
-{0060] In order fo 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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Chase conbining HARQ is used, there is no need for a
special IR buffer; a received bit buffer would be
sufficient. (If constellation rearrangenent were not
used, a buffer of received synbols would be

sufficient.) If it is determned that IR provides

only a small inprovenent over Chase conbining, then
renmoval of IR fromthe standards may be advi sabl e.
degtildl denfonmefés cdr® neRi Rehii r :

has. i nt roduced,t he I—ISE%AﬂggitniﬁEﬁrus\Mﬂw%Ir%enﬁ{oi nl?qhgﬁmi%esa
siyBisptteRboiayoikthiesned. One component of the Iink

09571 1 PR O A AT G0 b o5 scrr,

ikmpE be nedessarp bubaplayrtwoyperaanbrao datsahe, Tﬂﬁ:b_c&irg #hBSever
qual ity is

SRR Ry TR i rmplaved e Sorimberoppis Japub to the
ratelmatchihy @I HL 1 BELE A B3 RALDAS bﬂﬁgﬂ“ri%tﬂ h % Ren

ate 1/3 Turbq code. During the design of the channe
5§ Fepbining EARQ s (wel) therblie no needifis misperialelR biufer; a-

i : . ' JL.BSS hi bi t ed
i R TTRE

-ugpsled bufferd peceiveldayneiol owahldthe suffdiddDt et 18 H@tei\mfined that IR

conmmended mpdul ation and TBSS. Thi s problemo
P {ggloq%g Pﬁ%ﬁﬁ?@%?‘éﬁnﬁ%‘f?w inse cpmbiing cthenyremoval of IR

fraddhestedalis BhyBkadviiaps, t weaki ng” the CQ table to
Béﬁi d the TBSSs that cause problens. In AMC, this
00€3]ds t ol awdsr-ta phiaimpighendataraiey ibe 8GHMhes hyttdduebd the

i tably b | ded 0064 .
DO L LA P RS Ope kordnithotink
adaptadipnal Adeative Modilafibn HEDRAdIN LAMSYCWRRUMEL bYhanne]
t .gye nd code rate on HS-DSCH can be varied according
aopb seimae iz oisglest theanpdwipbion svparpd endegatrthat attains
theBrRSTthRLEhp RS WRYE thdoh %E%ﬂ{@gﬁ%ﬁgww&ulaﬁOn and

(repetition or puncturing
a high prdegatreareisalestest. cight coderates areobiainedibyepurRbudng a rate

VAR o, ISR o o famael salitan oo GRD teble,
it wad ebservied that RtfiacBans ﬂﬁocﬁfﬁ‘et@iﬁé&%ﬁ‘iﬂ%) g%_léib&?d poprer

rate-matching is the sanme for both R4

thay gegled perfpsmance o JhentQl seblefis isghéo mud)f echianeekuidity
o i el BBl b s Brobiéih S poorer

thag:g!;rijgf i)quiomﬁalideds ey atﬂﬁ@bﬁéﬁb?%ﬁn hand tweaking" the
OQf b hERinid 4B FHiSE Viab conmmrobiosen. TAblIa i eagh ta s
thahdipbigtal YRRASRDEL 8R1c8 0P SbAPHTRNG A1 ARAEANN HODSoilig.
- [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

1/8 Turbo-coder. While the principle of rate-matching is the same for both R4
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Tur bo- coded and punctured transport bl ocks on HS- DSCH

up to several dB for a range of effective coding

rates above 1/2. [0066] The Turbo-codi ng performnce

on HS-DSCH i s heavily inpacted by unfavorable

puncturing patterns of the parity bit streans output

by the baseline rate 1/3 Turbo-coder. Although the

original W& simulation results were provided in a

afdDR5 pm@ﬂ&zely agiasid Yedutdt amtdg%%&h%d@ bS5 @CHYY, the
the reasgn bein hat r bo-codin

uFG‘aPE mylfiple sigeestad satzzlrzi g:5zad the )stmdarglsﬂlpmg for the
podsPBROHT @eﬂféﬁ%%l(mgaﬁtgf (I@{) ﬁ.@f SHRLLE RSﬁ{/ﬁ&

ori |nate are done exac sane way
[0966k s [mATpafmme u'la@mremaﬂxst én WG4 ohaw Cmdittated

r at s al so mwith a fi
“3&33%11& Bk Ptk RybSfuntle it peemance dearopintions for
Tﬂ:ﬂﬂa:odéthﬁﬂd bﬁﬁdﬁlﬂ?ﬂ!’ﬂr@ﬁéﬁrﬁ RS RS NSEBS: Qéveral dBfora
aglg nce of the code will be conpensated for by

%VPGP@E% G\S@@GE'M{? cel | capacity. [00681 In
0086}t her . ebogiERy bon k. f)%g}f‘?sﬁlﬁg%lﬂﬂﬁa%%d by

puncturing al t I um ccess

ur@pmbl(ewﬁchaing petbirmpbfthegalrity bitahyeadesiutpat by mesuaeﬁme

. n C of the s ul er, decisio
rafl A TP Falibry cARHBSEN T oriearaes Eiaulgbing: SPds Bere
- prbﬁaequmnmm; &RIcHlS thé‘sajh@ &eéx%ﬂﬁﬁﬂﬁéél@é&ﬂufﬁﬂgﬁﬁ the
S25212/ 222, For exanple, one | ementi ng
-1‘9%’&1 ihal 1 urko-eqding and sate-1rahin 5@@9@&825;222)@

DO by AR Gen bR bl linat)avo

di'scussion
"dop@eﬁeﬁﬂﬂy%asbnielwamrdbaﬂfmﬂedst rat e- mat chi ng stage

‘ ng tr, re and th se of both 1st and 2nd

G 29, o A BAgTe thgR cxBestad BRtlp wwea&s a gptes 1s also a

pro’tﬂ&ﬁ%ﬂbh Eixed ﬁbﬁhﬁ%ﬁm@iﬂ@&d&% ng}?ﬁé&:a code.
st rrents to the

i nteractions by neans of

ratg; Fh%uﬁﬂitlm e prohlengotio p@o:epefformen@e Ea) Ithmemde wﬂl be
LS oyt line beIOW|n

co ?1 eres%‘fm% ?‘3139%#{%@2%% CRPAER AT e for the

[0068]se of Ihhendtber émbedie@im)i fFushd®s R He p stream.

transpa ent. [0071] Currentl codi ng rates >11 are
ungtERRE plloWs heWedisn wsﬂw)@@a hpeed (MAC-hs) to simply

selw%&aséw%&gﬁgﬁ bIBRE LY é)&é! n%ﬁ%s%ﬂgq@ﬁﬁaecgﬁﬁ It

out put

woyldihetreqiined wellightly chﬂlim&m genefathm of the puncturing patternsin
“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.

[0069]1 - For both the case of 1st rate-matching stage being transparent and
the case of both 1st and 24 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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adj usted. [0072] When a particular code rate is
desired and it is determned that its wuse wll result
i n degraded performance, a slightly |lower code rate
may be selected to avoid the degradation. Good choice
for the substituted code rate would be the | argest

al l owabl e code rate |l ess than the desired code rate
that has been determ ned to have an acceptabl e

[(wgi ad at iQuie of Q88 Jsohitionk, é.8. Q%ﬁhﬁl@b&:lﬁsfn%rm@iih% St fled

wed, to make unrestricted use aval ie co
bpErEin Biteraet HHIGES egnisebyal smersr iy the caso of the 1+
ratedhAtchilg 2ReObeibp trad? Efeﬁ:]\‘j,”e pattern. The key to
the punctured Turbo code is

restorln% erfornance

[Q031hy 0i d eenj:bs eodihg r:d:es h#/3swe atcoimydished by dpilying ths Same

bk o guBHUARR ko With et HY et § 250 B ahsbo putpnt W of the
Tpﬂ:rofcmdm(\E@uré)l@) VWalths@e1A€kd @aahbtsﬁuﬁ@ p%tﬂe?n t‘ﬁh&@e@plc‘in be

% qﬁegarlty bits such that all the points
B spondi ng to one conplete period of the

007 e bR ol SRRt TR T s

few sanpl es as poss

usggdl regudt andlegmdedvfmxfoymme oL tshghtljrﬂewléfl ich@d PateYmad be
or creatl ng_over y

selcBfea Bl W9 B Fiaarioa” (olimoste S shevimpgtitigid ooge
~ wauld be the l&k‘g@ﬁ dHE’ﬁabIeQ@iéﬂatb Yes8 @Eézﬁ %@&&%eﬁ%o@@fagg thdtAHas

thIS rrethod of mtlgatlon coul.d al so be appli
been, determingd: o hayesn aspptableategryd aé:tcmearrs For exarrpl e,

fog7ag 3®ﬁf1t¥§ﬂ@£r£%?§)ﬁ%t 3 p%ﬁ)g)aﬁl:pn uogi%]%?ur S%Bﬁ@yuse

streans a pro

of gvailable dode aateeytmmmymaﬂmhy b résterddbichbdifiostisbfthe
arjty streans while

pulltnfBEdbdin. P koo tonpe bartpridasioedo Ehamrued T ucke eodo
is HoQH6R) tumawm&he%uﬂ:mg%&ftggﬁ%sgé fef&fe gnsaa&g with

as .used in RO9/R4 and in man |gu
resggtgtﬁo tWéthﬁﬂé? b lcmsmlgélfyvéhm puhetmnngatteﬂetb impiove

perfbiifiice S Ofhe iy B QbR Wik IS s aele SR areb Re oty that
ﬁlﬂpmnﬁsmom$po1sdjng by bigcopigilefdqioriod (ﬁ“ﬁﬂé‘beﬂlﬂpéhodlc 11[3[])%139

res mul tiple of rholl when an average out of” every
%QJ}EP?@' e k?PP’é’l% With, as fey sarpp esmey@wdgrv@hiht meirgaining the -
sanfedod8 TRRShd Aok Gl

respectively. This %%1?@?%10 resé%“c’i‘s g ?ﬁlée pgﬁ?g:unimg over
the gt hlack or Raeating svarljalargs 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 RO9/R4 and
in many R5 configurations, thg problematic interactions between the Turbo-coded

-15-




have | ess inpact on the SNR degradation than rank-1
scenari os. Since higher rank scenarios (>2) do not
significantly contribute to perfornance degradation,
ranks ot her than rank-1 and rank-2 scenari os are not
consi dered here. [0077] The code rates at the center
of these regions are determ ned by: [0078] CR= 1+12
=3.5N\+2 N=1, 2, ... 3.5N Equation 4 [0079] The
outyivthizndl theopendtated r@RsmNEd SERPAES obird thakk: éﬁ whlgre the
or

sc%}ra.ri o whenN is even and rank-2 when N is~odd.
PRARIINE RALTHTRT Sre Mearlyaperiasite withy servopng bily pariod egyal to a

TAMIBG of T R TR Eibkage 1 08 BB R pebid s survive.
(09761 enat Theps tdegratthtions courdspondfto pankty andi fank-P scenario
' i.ty bit st 2 b i.d d .
~Epbdln Mk Kadd by Rodnhth o Dl sPoRHID. b Renlsh peepagos
- hawe lespmipdcy optthe SNR degiadutios tRSE raik-2 Gedharid. SFhbehigher

ﬁi'i"s%%’ 3...) %8 used, degradation in perfornmance i
TAnsSiEPRaTiosd g de Ret HienEicantiy copiribade typeriormanretdegtadytion,
ran SERELhAR bk AlERNACS EJe ﬂﬂ&?&%’ eﬁottcj.&ﬁs"a\éﬁ{)cﬁ?e%‘e.

°Te 0t “the par|’ty [

§ Berlod|C|ty of surviving
[08Yleans Therode tadesat Hhiervehtariof thask reghih at@deteyminedrisy:

odd N respectivyely. [30 1] Wen two (or nore) stages

[0078]r at e mt:ohi—ig_a*e_ﬁmyeﬂ,:mgx.obl emati ¢ puncturing
patterns canse*genddd+ed by any stage, or by the
interacti on be3.f¥en the stages of rate matching.

[0082] A closed form expression(s) has been deV§| oped
for the Release 5 3GPP Turbo coder / Rate MatcRfRgion4

[007%ht pr eThiedritidall @odierale) O REM SRR ISL rRk-1 seirio when N -
. expression takes as input either the triplet (Bits
E'MW‘%W&’@@ I%is'?@f drorvanktli we haviecriicab coffetrateskeR =
chi [ after 2nd,Ra i ng) or the
wggglwr; 2?%%'@: %Ei ffgrgié]f ggég&&%g%?m@%h“r espect to
{0g88t i t yt B];lteiv,ahﬁmf' o &%ﬁ?ﬁ?& gﬁﬁﬁ@mtaﬁk?iiﬁ@ﬂ (}Hah@?iﬂgg ofhdrity
.respect to .pari its}. e output, as depicted in
bitg 35’&8’?11’%“%6&#0%3% 1a3rr?a@arbb@pomed aﬁh‘%ﬂlﬁay%@mﬂg
d) . ;
e e sub e Ll B Ot by Bl Stk raldUoge g egual to

configuration as pro
TNp2f Norlstadc 8 ardheed, degradation in performance results. Some amount of

Turbo-coding and puncturing interaction will also occur whenevér the average
periodicity of surviving bits:of the parity bit streams 1 or 2 is within =1 or 3% 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.

- 10082] A closed fori 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 1 stage of rate
- Matching, Max Bits after 1t Rate Matching, Bits after 204 Rate matching} or the
pair {Rate of 1%t stage Rate Matching with respect to parity bits, Rate of 27d stage
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paraneters rl and r2 represent the rates associ ated

wth the 1st and 2nd stages of rate matching with
respect to the parity bit streans. Al though

conplicated, the Equation 5 is a piecew se |inear and
continuous function in rl, r2 and is therefore

trivial to evaluate. [(1 r ~1(r1,r2)Ea"-1 !rrfndfl-L
frefnr2jl 1Ynr2-Lr2Jrl{nr21-Lri zr21J+

Rate Mﬂtﬁfnmgwh respeeirtoparitybitsly The bntpt,Jad depictediaEhpetion 5

Hebiyt 15 A AL Erabipch thibndy o comparpd o p thrshpld.to acceptivefect

the teofighratio?r bs rptovilibg/ddinprdiiding Lavcabthble perfofmaatitlel OThe
hreshol d nparlson coul d then be based

083
'Pg‘ﬁ“!!lﬁ'fegs &qﬁ%‘% T%WPF%SGPB e rajgsaasheqiator vibh thele anstiis® shages of
rhgd zhawhkﬂ wihiR ISBc %taﬁ@blt’émm %g%ﬂ%?htcgﬁpﬁcated, the

S z age

t”gn taBoc I ze After
nEtish pirgewiiedimeaf and catthuSna fenctiantin Vi ehd isgherefore

ed since this triple maps directly into the
t%ogiélﬁh% air. [0084] The effect of the periodicity

G SRR S i,

occur g4 after interleaving, periodic
sanplin t he pali ity bi tis i s avoi ded even when

-peri odi i gﬂﬁr vﬂSj 5| || _FaﬂﬁhﬂMrll—r{fa’mgﬁ-} The
functi onal 4y of t é chan |nter eaver can be

i ncor poated into jthe rat rratchl n bl ock

interl eé!/e {rimg] aﬁ-ll_b )(zlfﬂyaﬁglelﬁﬂl_n@]jh
addi ti okall Zonstralfts to herate mat chi ng bl ock

Interl egv (those ef| ne t he channel
it or eE»%' A [ | avel ﬁl)@aameﬂnagjﬁ)}
however requ £e an ditional interleaver for
the systematic bits. -17 [0086] Note that the

rearrangenent of the non-punctured bits only negﬁiahgn5
occur on a range equal to -the period of the

(088 oF g kol PRARTHE e Plse] i gafftion g fost

whether smnyl thg Cody Raleamiewill paﬂ‘oﬂﬂ sdgagtdp Eh&v&ﬁdhltlyy the

rigle: (358 ook Bidon Slroidr a6 itnaabateMateling S HGARes 24 Stage
- RN h R B8 R Susell QirlPethil 516 Bl $iObly filo Bhe Eb&e Rate

~uniformty of the puncturln
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-matchiﬁg 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.

-17-




[0087] Certain paraneters may be nade to vary as a
function of tinme (or bit index) to generate
puncturing patterns that will mtigate performnce
degradati ons. One such exanple for 3GPP incl udes

nodi fication of the rate- matching paraneters X,

e ini, e mnus and o --plus paraneters throughout the

execution of the rate-matching. In this way, the

[@R86 et erNotathaidhp neprrgenenb of the nog-puatteedbit@ynly needs to
ns withi.n,the b] ock of

ange atone or e | ocatj .
o %“@Pﬁaefﬁ‘aﬂéﬁf‘%‘?ﬂ@oﬁ&ﬁﬁ SePKgeRpdc fapulse refnoneqof the
redtasige enédiéng PRERSGARROMEDS @Hl6oder ATBErdtBk, bR aflitihekaRling
fromthe desired overall code rate (thereby avoi di ng

- intggleaynsh cenr by gdied de dhei prrjtynhit] sbeamis| to pravenkipnéhlgmatic
D SBER ORI o AP s oo b

e_mnus may change f
toummimieé the dibigotion bfitltchusifdrmitkofithe ponstirinossi bl e
runs, of .del et erj ous unctuyrjng. 2) Parapeters,
Q0B e et batiirisr® fia Mgttt i Giry et mgban gb tme (or
bit hiaex)t td gefdrgbe @uh@txﬁﬂ% gﬁﬁ;’éi’ﬁso BRatOfvilt NRiSOHE ance
and | ower in others. [0088] The above nethods are
degradgiies. Pnesach esamblenfer B3GR inghedast modifigatipaof therate-

; Ixe. ifie code, rates. Al .such netho
mifing PaERELR8, SNAL 6 i 0 & Hipalimat B e RN e
exepplienefithe ratsnatclihg. nbr ehigewgy,athecpaeapites affecting the

ermutation of t ncgturing pattern. Any nethod of .
P‘g’r?g‘i'i‘a%ﬁ"li %ﬁﬁ'gﬁﬂﬁéj%f&‘ogsﬁ%@}%ﬁ,oqat@n,sv@ tag blagk of bits
b

) pieptil at | n
has the po?g‘nti ﬁ%% C %ﬁ%égﬁitﬁe o@ef%ﬁ&ﬁﬁ%@%ﬁggﬁ
rapgs mpay; be diffqrenbipncihe deaired oMeraliecodh aatte@hersy avoidihg the

. I e P .prabl emati c_punctugin
P BRE Cond Ol G i oo B e B e e o rate. For
exgmpler Hed_plascacd &intiges hakS cigideo ﬁie%o%ﬁﬂy Pildeechdut the
t he context, of the 3GPP HSDPA Turbho Code / Rate .
Pupchurielsarithyp; thwn hrealgizsap any ippssiblel lopgteas of dgleterious
k% ﬁiﬂéf , j I g{@g& I
pu%uffer.' %)E%é‘g%%%ég?n% e %ppr agﬁol?ﬁ%gﬁl%ﬂép&ﬁf\ééége?g changed so
thatodis highex rsange powbicng of thelende hevkcand loweriaodseref
h of the.stage uch that.a desi.table overall )
[0GE8E 1 i i“fkgeﬂﬁ’gff?ﬂi}%h@?aﬁ%@mp@ég podifitgtions falbapyarivgine
pattere@sdly gacsa ﬁ%)ézpe%iﬂ%éo@yratbéwu BicH ARtIYIE nady Bikongidered

point (the rl; r2 pair) to some point on a curve of
specil ceseh and speeific dmulementalions of theenprepgemsral poncept of a

s A TR S SO ok By o
patpennci.elf gampratihesorne payhdiation 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 3SGPP
HSDPA Turbo Code / Rate Matching algorithr leads to artificially reducing the
size of the virtual Incremental Redundancy (IR) buffer. In general the approach
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the relative rates of puncturing in the two parity
streans can also mtigate the problematic interaction
bet ween the. puncturing pattern and the Turbo Code
performance. [0092] This can be envisioned as
splitting the operating point into two points. One
of the points corresponds to the rates of 16t and 2nd
stage rate matching for the first parity bit stream

implies panedifieatipnioi the individial mechmingrates of edshtof the stages
' houl d | d that th
o8t BAfFa Al b B bl e i GEsE i |10 in

erate 1s

[00a9] ons BtageRatpBidding Basakily Aoaplisheilhy dhangigthe operating
nu ﬁq{ fa%ur,y ving bits after the first stage of rate
PRESES eﬁ‘ga BeirhgsoReqaiat o Aseseriicpnitent caderatlign wirre
Ahidduct #PHR unEBSng&ﬁ re !ﬂ&i&%%hgéb ddngQXx%&?o% £Wrable.
si npl d ef etect | ng,

e and efficien techni'ques o
00931 di ng Bhedbwbinatiomed aidjuptingdhk etegeipunpturhig rategas well as
L NS i.n the rity. bi.t strea i t hout having,.to
o RS o Bl intte oz Ao A Sdge the
- problanitio mtestetivn datiedis the pRHARHEEFREh T e TakhO Tode

- cqded transm ssions, are reduced by identifying a
P WPng pattern which approximtes a particul ar

. r at §p; LSt & oV, I, Gl .
R e
ppuikict Onerd thatmoerta canmspomds fathd cateanf dSdend Stdestage rate

- munghRR ookl R Mo tud Stcong b Bdbe enalnpity
bitistreassi Thetwd penky-Sisodldde RIRLALESIHMHe ovhisiNEoddYate is

guideljne, it Is inevitable that certain code rates
unihapeeds dath poinfilic in zegions of acsapiabieperfataice, pad the fotal
nud

t

[ e | e cur when
E%Qﬁogl 5 ﬁgﬁﬁ?ﬁ@% |tthpa SZ rg%éeso)%g% Xl %c,n‘%vla??? %& excoed
impesédlimétysabh apat AR pfferod of the seni - periodic
na Ul se sponse,of the recursive encoding bl ocks of ..
{o@s@ - 19TRQ 65 c UHEPLioR PROVARes SRYSTAh sImply) ansl efficient
tedtiRds’ ¥F @ Chvil r i i
e t?ﬁ blecBRRChYUiIRRG BANE &?réﬁhhﬁb%rgﬁﬁhﬂﬁ;ﬁg utnﬁteunng

erformance. [0U95] Ina particular e I men
Paﬁi‘?@;ﬂﬂﬁ the parily hitplretmg witheut NaRuE it aveit atesired dpde rates.

j ' .Sl zes that are supported the WIRL.
AckbEt e kadih i\ oB e, d3imelaBosy REB e oot peeipn
- codedt trantmissivmshitt freducah lytidentifngs al bus@@fing Ptdrd which -

adj usted so as to provide sufficient error correction
DRGSR 3 P

icular ‘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 encod.ihg blocks of the
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This provides a first rate in a first stage of
puncturing and a second rate in a second stage of
puncturing. [0096] According to the present invention,
detecting, avoiding and/or correcting problematic
puncture patterns in parity bit streanms and punctured
Turbo codes is achieved wi thout having to avoid
desirabl e code rates. This is _applicable w thout

be ergoden Ax glgopithmyney veed totidentifyedlpnnsturing patterns with

dta%ladﬁéﬁ’?éu QN.nec2Nd enabl es identification/avoidance of
regions o

—

relatively poor Turbo code performance,

0
[M¥5Eh i dhta paedadlbr fendmdithentpof the arventivh; thenedpcitydof a
forward error

. ., The . | ti i d
Wi g#ﬁ&ﬁ%ﬁ“-@ﬁﬁ@?ﬁ%@ r \éfsae%%it orwuppaw_e@ byithg WIRU.
ThB BimEABRInR S uie PR Hee thB Gl MRA DS Bifd %ﬁt‘fﬁ"ﬁﬁh@b VB8A the

any _measure of performance and the ective coding

overal codesnate ispdinstedeeanioipnovide suidicienherror eatestion dapability.
_ . : T i ' f .
0BG, Darcldl B EPAREEr MLl PHRA BBl %

" second dtalge oBpER:tulinig. error rate (BER), required
ce ratio (SIR), or required SNR

.gnal -tqQ-interfer ]
[0?93137] T%@‘I’%g%”cgef%gﬂ%fprﬁ?@tﬂ&ﬁ_@?’i}?ﬁhn tapldngr gvpidipepgndior
| CRER L Mo Ten R DR L LS B BRE) b SRR R dded
Tyrbeciodes iscanhieved rvodhont lyvieg to Aveil alesirbblescode eatest This is
: f. . j d,t d di . .
=B8Ry BRERS RO} ToIT Bhg otfesBrocs (rimepmpnission,
amll esabigs flensificalionfareitiaged 6f ieptor EBRNALIVAY Poabi Turbd bede

ncturing pattern is nodified_ in order to _elinmnate
PegiogRaRet FOHCRAIER KReult drose the Prigraat bpapuncewripg scheme. The
inRHt S brdvea ol ?Bﬁ%rd-iﬁopﬁﬁéﬁﬁhgufo?ﬂﬁsiﬁug Tof b hd

pattern is regulfar or has a perio nat
pumobwring thell pehieve esoiobth funstigmal rebidipmalint bebweelByny measure

eliJqrinatin e radation, ,it is, ssible .to
of S BlEAR 4 58 o Aloth st bodind B Shhibig e Tower
rate ot ideRBrdted B3 fhieCTkdb |éﬁcbt§e$'fﬁithfﬁ{qc&ﬁ%§’% ePEhd ax-i%n Bits.
can_be used for low chip rate TDD, high chip rate TDD

Exgmplesppf meaguyes @f pleriopraanes: wonldhe BLER, bit psrorovsite (BER),
‘ SPGIS ARE -'p‘:éﬁﬁt - is periodic
re(aﬁ:% peri 3% ’é‘g‘%ﬁ‘%}gﬁ% e %@?ﬁ 88 E%im?%&eégg’qn - periodic
[009;:1; ul se t’)rlreqmbegae obthd Ihlmct@du% aie/ereatuddsi %ggﬁhg akenedded
the,Turbo encogder. algorithmis provided to )
trapgEisqnata P%@H@?rﬁﬁ i apdexriydipgsomeagthpneoded bits. At
theREEQEFRNE Geros Ot Hitdr®AAL Hits TR gﬁ{; ﬁ%lh@ﬂoﬂfme bifctured bits,
Euncturl.ng patterns is performed such that
and the decoding operation is based on the received signal with the missing bits.
According to the present invention, the puncturing pattern is modified in order to
eliminate degradation which would occur under particular puncturing patterns.
In particular, if the puncturing pattern is regular or has a periodic nature, it is
more likely to result in signal degradation. By eliminating the degradation, it is
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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performance of the Turbo code is restored. [0100]

Modi fications to puncturing are used to restore Turbo

performance. |If it is desirable for a systemto be

allowed to nmake unrestricted use of available code

rates, then performance nmay be restored by

nodi fi cation of the puncture pattern. Therefore if it

IS deemed desirable for a systemto be allowed to nmake
st ri (dreisuthecxsimple af b potiedictigiecent edhent themon-punctured

0089

) | . difi.cation of.
DR T o O e R e R 0458 4 Ve R0 g S oot
respentd of the péeursivt ietodise BIvERS ofHle Tuohd eﬁ&aeWBHﬁléwfthm is

es..the channel quality. Based on_ that, the

I ndi cat |
Provadichite tidpntifyyalk pympiuging pattesnse veblp rdgaradet grerformance.
s .

AGRRTRNG! Sodliloatibh! GRS TR B phREAR I Pertfimag such that

subst ant i al
pefamanceiofithe Turhp dodericoméoredt e,  but which al | ows

sfer wpfi.dat,a throu wth the required block error
[dplrbggabi | ‘V’.“gf"&i‘i?f] o PREC P “ﬁé@&f’?ﬁ%%?‘l%&n rmance.
It m_bgnamf dateﬁ_sytmbmi ﬁg lrme raﬂta;vlea £ ﬁﬁ?e uh@éé%ri@%aﬁ%tof%@ﬁlable

- 0ssj bi |.i a robl ematic puncturing ma ave been
lfeanEhenqu?&%ﬁpn@ may ke @hsatgwdl bmmamgii%tﬁ%g,of the puncture

iC £35S0 Q¢ r S r ut
AR BHERE RS UL BRI R P PiBhca B

mmee@icfétfd meyoﬂMJa:b@mdemamy; m]naﬂpén&zgzamo@higieﬁ%b irestorad, by
refor MC Wi not, serve to avoi probl emati c.
mé%%gaet?%‘gstﬁew G EHannel quality, very little
fotoni ng | Addistedrddimehts that BR TS ), SnfoPmUsitn 2 (Ht8ReH from

order. nodul ation. 1f the channel ‘quality 1s poor, :
the ng'ﬁéyoféaﬁ tdicates the ghannel Twelibt. oBesedaon tiaks the tranamitter

21 Sodtagte RoRLI UG Penonel, e Rl ofmopzempriign

or nance.
. su htielamh:;nt ?renhmdamy& iddedf\:aﬂichme[a%ﬂfgg?aggyy RRecode rate,
_ pnput,.ta the datg rafe controller. [0l apacity is
buﬁe‘gﬁﬁl’e@l% yensiten af rﬁ’gﬁ%%l Qapieat citi dhe. Fesparedoblavk error
probfadilgtysupported. |f one or nore users in a cell are
tuned to a problematic code rate, then those users

03P¢ pr e Shewhanoel quplity estimatiop prenedarsd ddserot hyherenitiy take
int) &podt AP AR okttt AN SR pdborang oy o Goer Ssed, nor

shauid éht The chasnehqb ity & iypidaflyIRssd RhnesikAaPyewer hheSRise
rates,. [0104] The present invention provides an

povags, bt i does melchakpiytocopind the fack thati tho envedarenanhavabeen
pu nﬁerdanaﬂ?! a)é h:&ﬁﬁenﬂ%ﬁn Way? WefSRORUA ML Adll 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.

[01038] 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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by avoiding these rates either dynamcally or

statically. This can be achieved by detecting

probl ematic patterns or by using a fornula or table of
rates to avoid. If a transmission calls for one of

the problemrates, the actual transmssion is

provided at a rate which is slightly different. The
resylt |s, the problemrate is avoided. [0105] These
CPAFLep i Jotiyacises the arphlemadic coditigf rates iape &npwnt orecan be

IOLEHEHE] R A oEfhidtP R HOGSIEE B8 pRRIC 1 SubiiiRpe rates.
[0368) and. Tprencdt inferttivansovides an abilitpecidedtifcprobldnrates

it A SR chich P el el micanes SuiLEHP ARG £ TG Bymption
- bg anGIdHY BdsSRAE dthraFREMARY R SEtidaly! TRICIBNaLhRP8d by

of _the nore general concept of a perhutation of the
dpisridngproblematie patternany by neingedoutulstnanighlegf rates to avoid. If

L ; L. ti L. .
SRS LR B bt B pAVAGRTLIA0 RETSORT R B
 poividedantgi rde Wikchoisadightly difisrent. "Ehe esailt 18, tHRdfrobRatirate is

'avis the intent to include pernutations and nethods of
goé‘% ating such pernmutations of the puncturing pattern

[0205)i sagedthbst t4ie  rohes&REGVOVERihRs 6 lmbMALIGGRA! t9NShe
and i nprovenents to the basic concept of the

Pynchaieg pattemn used togenerate specifihende rates, anapplingble todayer 1

ar¥d 10500 & it ] resent invention. 1061 .

- et bl W En A o4 Pl 58 ENt RN bk Recot iR it the
- pref@nb3grentionan¥adatiohd tctite @faniples dasiried ré @0d&S¢able. All

705 .and 4858 _bi ts_res&ec_t ively. Al of themare rate
sugh ¥arglpRs mgy b congidere speciphraber anfl WRoRHicimpbonentgtions of
theBARRgd . %%ﬁ—ﬂ, L ol I'd}ﬁgga@{d

manng?é}ﬁ{?—llts{s%ﬁ%%%&§ |sul?gési€+?gthl \Mglﬁt ef b |ve£ Any

- metbed pfrheagingdhepunsiuringtyeitbain 7.9, genePatiiy sdradpirartitation of
.0 80 (label ed .7/ 9+) for the 3, .-

thd Waiedndl puis B0 “Ratfarz. s i) Bokeaiol (o bauphg Eh ovorall

perfbimandeof acde,thd 0 iLthehtf ¢b Bl &dd petnt e £i8AS hAQ mdtheds

puncturing rate) of a Turbo-coded transport block on
of gep %ﬂg Bsb pepBtations pbthe practuBnErpatbermoenrisaged in the
de p Lone e ) .
P e, AT e TR el onty O ShaeaCmpgt o
thedpsiemigon ad st forth hereinabove bwe eneikyzedde be wathintheysbit of the
nd it can be seen in this exanple that the

halgtg.ené g
PrESeieInyey00.7/ 9) coded transport bl ock needs sone 3dB
- [0108) e SNRjgBAM BsK@tLthe BLER performance of 8 different HS-DSCH

transport blocks of increasing size 4554, 4706 and 4858 bits respectively. All of
them are rate 1/8 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 8 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 .

frmind
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0.80 coded transport block to achieve the sanme BLER of
approximately 10% [0108] The reason for the observed
degradations is that the periodicity (period =7) in
‘the output of the two Turbo-coder parity bit streans,
as given by the inpulse responses of the constituent
recursive convol utional encoders, deleteriously
dnteracts with the periodicity of the puncturing

PHLEORY SPPEP BT bipcreasingle coigheneffestive heoding siatesat eThis
Wb Rh AR &@&%t'a@yma Fnbt%ﬁeénd Ihtl(::ef’ne é;%%éltii}ltﬁ.}sgqﬁpple that

i ncreasingly nore frequ fori

thanated)-7h{/Ptoded t{a0808} block eedas@hy 388 rhide SNOLLGVE rate .

' RI9 r.at.e-mat chi | ock i d.. Ho
O S RO s bhegi s g HLJE el BREFORGARDHI0%
- [eae8] wi t HDhe réib@ﬁ%ﬂi@bbsfe%mﬂ@%ﬁﬁﬁtﬂﬁ?isnﬁia@ the periodicity
- ,cong) usion _for both cases is that the
- (mr,tq% =4 Inheutiprie thates Thehaitadgr perigrbitdbgreniass given by
B S LSS e 050, BB af B B,

rat hér conplex se

- - deletariovsly inf@ bt with theymiriodigtyast the blheakingpatlewts dplied by

tes | i inthe MAG hs. in the Node B, whi
A %egie%ﬁﬁ%%ﬁ%:tgg%lﬁtn  BAISHIBE s 1 MnY garst 'Ifhéla ffeat is
o : . . tail
ety s sty Sceblagy ptpildpypegt e |

N .Qpen to vendor-specific
W&EB} oach Injthe @nalyses bhat follnw, RosiaglepR99 rhissmawhingbck is

as%@lﬁéld,e e dr Sl éoﬁ&é&ﬁg an%fg?ﬁei;g%e%%ﬁil? %?/ Eﬁfsﬁﬁgﬁg g’lﬁ | and

ecl s1 ons are | nposeda.

- -withoutfinceenicntal redendmety. The nh@nRenclusionTer bR cARE ASLIRAS the

rate-mat ching stages for

, enerated by the cuprent or .
- erficalpnciuring rates loadipe SN i egradabonire sredanablo in princile,

- butersild ke 8ron |r¥t]ﬁr%9ﬁbiex%@92€§atlﬂ.eagn%tﬁﬁ%§%e. %g? i@ta%count.

mat chi ng _paraneters are gen

081y, paTheeetding of oriticalpRAcseimgwhtesisavoiiedtn tg MAGhs in
I . ant | o._not require .an ddi,ti onal .

e B F A hed th patept v o P ngp e 2
- chiuge e cantbnd RithRdbras lain@ Youldiskive! déthil8bpRh: th\Rndor-specific
. Eg&r tj.on .1 he puncturing pattern on Turbo-code
‘mg ‘%‘ﬁa g4 éhifsappasarhi is prefeablpatherlogk-tp tables used are
- cotYPfexih SeRagst | e eyer .t ransport
o b19%ck size 1Is (gfgsol ?dé]ga g}s'e @&@%ﬁéc%w‘%{e@ﬁ%“&ﬁ’& PP osed.
"[01ddEi si orylfermatively; adight diodifiettivigeais nigidetd the puncturing
_ a%SZS‘. 212/ 222 t(g rg&gdy this Eﬂr oblem 23 [0113] _The .
PR 71 gefieTabed by b Corrsmy drbe-matehingwiages fori HSLRCH in
- TST6.202/2000Fh e s ollific TR Ak ngv th %nﬁ bl it B SFth
. responses t ﬁ%t gr ecper i o%%%ﬁﬁnﬁtgﬁ earesl 0 - ih R4 e
+ 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 T'S25.212/222 to remedy this problem.
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7 for positive tinme. The inpact of certain patterns of
surviving (i.e. non- punctured) bits in the parity bit
stream can be qualitatively illustrated by

consi dering how nuch information remains in these
surviving parity bits. [0114] The Turbo-coder

produces 3 bit streans, systematic bits corresponding
parity bit stream 1(output of

[q)gltst] he in,ﬂtjt sequence, ) . _ ¢
const 118 RORetitushE ssarsivessavelations! dricoders incthe Thrbo-coder
EBytNEeE. Bsidi er). 115] Not.e that .
at hg co_ﬁ.sz;1 ?{%ggltag?ecur% Y co%gg?ﬁgle%iﬁ}g atf %18%41°W§ﬁ£%n°d
7ifor posifivectimen m%ixﬂ'pge? @faﬂ@ﬂ;ain tpagteptt ]rtb!ﬂts;]:@ﬁy-lﬂgel(i.e. non-
er J.s a sumof. shifted versions of the inpulse
pERGRNED Bifs T RAE'sfih Bt biken i o lbetron Dnsknted by

respon

cammfilebing hove SRERSEIPRRLBS RERYM R thhs éﬂ%ﬁ&hg péﬁir?g bithe

dis.in the TB. [0116] Certain puncturing patterns nay
0381 ¢ | A iiywbosedan seodimened b siramink p rsyatamatia bits

: i ss. t.he .set of _hits in e of
oo Rpbudinp Wo Y inBlt aBEAES Bt e 1t thh BHsEntituent
enceiy) end parity biltsrdant £ (negubyf I¥RYnstEnest enddaut),

trying to deternm ne the seven

; id bl

O8RS By NbECHk e ineRbucn o Reipa oo e rasler s aa LT

- sysifetreon OFaV ThekbisreUsH B ' . he .
7 t |ourtt y S a sum o?maerbglﬁ%s et %?Q?ﬁ%l\é{;‘fébﬁ{)%hsﬂ eﬂg&é@@ ons
of gﬁ? IpRuisegespensg| fithe spsedorat Bach skifledtarsionad thy idpedse

b M [ ] d t | mpul gesponse of the
re}@g%ﬁé g‘%r\ggspgﬁg%gﬁﬁﬂg quaggq?.s O?glﬁ% lnlafgﬁe ﬁ;gslto punct ur e

- 041 t er nCersainspancturiig Patleene iay vrnet & af lokder aistﬁb{%ﬁed

.fean,..event ual | e observed: Therefore, a system of
alien, HE" 4 ﬂ%#ﬁ ST A Ats aceessibe sl ofdits inona of the parity:

e ey paItpIaTL e TRERSRLAN bids 8o HFSpdlly JeiSs
Nopesopgidee theproblesuekirying go fetesmim themplen biteiby observation of

LV ' .ty per perjod d.the sane as {he
tho ot e BRESIeL alleLnSy Fiebiiih Brotabsemationanadarishe
output tihe peni ok cidbyetobf the 7Sbﬂ§‘.a|Th@¥ﬁB§’et°ﬂB?eé \ﬁﬂtﬂf'ﬁ'gicular
7 bfor .t .> 6 is the sumof the sane subset o the I'ts
obsgryatiop if detonmined by thasnurving bitperivdsed thy inpulse raspmse of -
the b&REMAINDPing HibtR; @ rank-1 system of equations is

ornmed and a tni que sol uti on does not exist. -24

[01}g1191 Waemoshpumﬁmeqnﬁtbémy, afms over Wt?imﬁ&itt@bbéts l&gih@'i
. t of,. 7, ing gbservations of the parity bits
bltsv%- gﬁﬁﬁf‘ﬁ%ﬁ?%ﬁspﬁa "’?ﬁ?ﬂ@-fores asivstam fof dequations 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 ag the period of the recursive
encoding block, 7, then, due to the periodicity of the signal, every observation for
¢ > 6 is the sum of the same subset of the 7 bits and so no new information is

- obtained by subsequent observations. Thus, a rank-1 system of equations is

formed and a unigue solution does not exist.




after several observations. For our 7-bit group, this
is sufficient to uniquely determne the bits, i.e.
information sufficient to determne the bits is

di stributed across the surviving parity bits. [0120]
It is also possible that sonme distributed information
is lost even for non-sinple periods, e.g.,consider
bhe case where the non-puncture pattern al ter nat es

Bileen aWdienpheperiedicity oﬁswwvag latnishow mdl#iple of 7, making

&Eé%?ﬁb%oﬁ% EBWB%W tc}a aﬁ%ﬁiﬂ%ﬁgﬁ‘i‘ﬁtﬁ’ns

[0121 I'sr

afier sevdarhl bhservsmwns VFog oa W;ﬁt/ gﬂiubi {8 fis @ﬁﬁ%&%ftgngugﬁely
Sys sev

ne..ar t e | ead p,ara
4 %ﬁj’gfﬁl ﬁlgﬁ‘%ﬂ Iptorgag %@%P%‘Pﬁt@ eiwrmm tieibifisds distributed

adﬁsgtmmﬁﬁ gﬁgjugltgf bits, but does reduce the
di mensi on of %ﬁ space they may span. Clearly, sone

193208 ¢ nat ilbis alpwpessitie thes S th‘ktsxbubai llnftﬁ'tnefthm is lost even for
| east

nD8B PRI, Wl Bl a2 ol R PSS pattrs
| abenin‘teBthen ianstieipdepérinibof B ME AN Mbﬁv&aﬁ%{wﬁg?aﬁb bits

andrgf{;lg I‘II’L |ntherate mat chi ng stages
F’Qrobl emati c puncturing patterns s an

[cappy OaChTh‘idWi‘&mﬂ%qi‘H LEer eag/ﬁﬁl Béﬂé@x@ %‘F%agft}%@w%@dtwo

punct uri ng’égat terns that
sipiving parils bite ger: aenoa'!:.o fAibie saticompubent ahppe Tadis 16 anFand-2

b s 1o P 0124] _Avoj dance
TRbR §F Shven it ine . SR8l iporiiicsy t AbRwlely Hgtermine the
groopofbitsy but &@sﬂé&hﬁe&ﬁ&ﬁiﬁéﬁsﬁ@@fﬂa@%%‘tﬁ@fma?rs an. Clearly,
eval g the predicted degradation expreSS|8
SOP@s@??ﬁ BRAW eI mashalspke lost S mottiwple f@w2Ehg bit
aﬁﬁmﬁgvantage of the Iook up table approach is that no
change in current standards woul d be required and

01334+ anyAbhelaft o alg):emg]tﬂve rmgprcaich@m?mm| e}(cirothﬁtﬁeﬁlﬁﬂoblematlc
ClLTI I, sagvantage o e
meé?g&??&ﬁﬁ’ge @Hﬁ% Oé %H‘& PYytian g WSHIRE iR Bap rajp-mplching

avol
stdgest that there are several dinmensions to the problem

thatV\nII all play a rolelndetermnlnglfa
m%ﬂt i cul Bl % ifanperof preblemiatic pyinchiringpatierns is an approach:

i Ll C RN N T T A,

degradation and does not use certain combinations for mapping mcommg
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-specific.

[0126] A disadvantage of the avoidance approach is that it is complicated
by the fact that there are several dimensions to the problem that will all play a
role in determining if a particular configuration will give rise to degradation.
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include: (1) transport bl ock set size of HS-DSCH
transm ssion; (2) nunber of soft information bits to

be stored at the WIRU for HARQ and (3) nunber of
physi cal channel bits allocated for the HS-PDSCHs.

[0127] For FDD, these paraneters are inplied by the

conbi nation indicator for nunber of channelization

codes and nodul ation format i (1 <i < 29), and the

Raramabenstths MAR-hsi scheduler (Ould keedtodake into BEoefurtda addition
] Described below is one enbodi nent of the

presént invention that includes a conbination of

previ ous) tkafgsost bleek séﬁﬁ@@bﬂ{SSBS@ﬁ]tgﬁlsnﬁgﬁoﬂ% 2r hd ARQ

functionality matches the nunber of bits at t

out put (9 nhiies beRBR! in?&%&‘:{ti&{jv\mtg %o:lﬁete é\{gtg‘!l%ggﬁhﬁ g&TRU for

bits of the HS-PDSCH set to

mapped RS- rid ARQ functionality is controlled by
t he remgh‘%&)versi on (RV) paraneters. The exact set

GepondlHrthE S igEeaibanslbithpllecatedor shibts-BBRCH.
t bigs, d the RV t .. {0130] The hybrid
- GHT unc il BnEPH, thssncherendiers mes rabonaby Hibegoombipation
. i - i . . , t t .
e e s D TeBheli Mol enad i bRl Bh TG 220

apgthe traosport hlook sizeipr(0abkut 6HHKAIEIFSSALL ovi ded by
[ .he nu r of input bits

dogher | ayers. t t hat, e ] [
[déggﬁ ‘not ?f&%‘é‘%? O % prfapm ?U%ﬁpﬁqﬁeswaamww;hat
inchaleh iaf @inbiditod S b5 RIErbST Ee'é]%ﬂﬁﬁ ent. [0132]

OEE second rate matchi ng” st age matches the nunber of
[ 'gls af t &he hybridi ARQ-fanekionslitygmatchge thontuimbenofibds abfthe

oRPHE e BUARRT0AR (Bt B e b er B GROR set o
whighttbe H8-DSCES is mappéd. Mﬂﬁid)ARQ !iﬁcﬁiﬂﬁﬂtﬁﬂb cHRfrel&d by
iphal tcchl NG ni AN, : An internediate calcul ation

b 3o fundiRics ferslon (83 aaiametors. Hlsaismnotomt bf bis e the output of
the @PBAIARA AnfBfoRalityPdbpthas b thd iiiber of input bits, the number of
output bits, and the RV parameters.

{0180] The hybrid ARQ functionality consists of two rate-matching stages
and a virtual buffer.

- [0181] 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 iﬁ the
HS-PDSCH set in the TTI.
[0138) Definitions of notations used:
NT:  Number of bits-in a transmission time interval before rate.

matching.
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interval on TrCHi wth transport format 1. If
negati ve - nunber of bits to be punctured in each
transmssion tine interval on TrCHi wth transport

format 1. AZVPAfI,,.: Nunber of bits to adjust the
| ength of parity streanms by, in HARQ 1st stage
rate-matching. Nds, : Total nunber of bits that are

avail able for the HSSDSCH in a TTl. eini Initial
valie of AmintEbedaté calchiativatvariEBlshi ng pattern
determ nation algorithm eplus Increment of variable a

i rnrsé\t’ﬁe raﬁ'@osmwehn‘aglbpﬁbﬂgfs"to@@treﬁéﬂﬁé@iﬂ &ith tﬂ&%ﬁbéﬁ’i‘hm
enpus e | the rate rratc:lng
i term ﬁg g%rga&'ﬁ??ﬁﬁ

pattern nd| cates

tHhmet ¢ivandy
@&z&%ﬁ%‘f@?@iﬁ%ﬁﬁ%&iﬁ% Pt e

encoder) zk par i omthe | owe

Tdg£D d%mmbaeoﬁblmmd@l@t thé ldagth bPparily s“EPétxﬁLAEsQIB HARQ

separ atls%aé@mgmeﬁgg be perforrred i'n the same
way as bit separation for turbo encoded TrCHs. [0135]

HARL: i r StotalmysberadfbitgahabirtaviagabldYor Hx BSIECH in a TTL
transport channel shall be performed using the nethod

oescri bed bel Duitiad tvlaldenef fvahlaBl@ élgnsﬂﬁCfiﬂeCmatchm pattern
pardetemreination @lg#ithihe maxi num nunber of soft bigd
available in the virtual IR buffer is Nut whi ch is

stynal edIngrement off vairiabld @ipdhe ratermetrhing AR mIdst@ssination
Thelgartber. of coded bits in a TTI before rate

mat ching is Eg this is deduced from information

| led fro ?ﬁrgwefltl ofyearialdade pur theetretes matghinge pattern
t h&leigrgnatipr algomimhr oni zati on Control Channel

HS- SCCH) foryeach TTI, Note t RQ processi ng and
g)hy5| cal Iay %éﬁag gteg&taqgn H%Bé%‘éntly for each
HARQ pbgp%t&ﬂéﬁmlﬁ active. -27 [0137] If Nmis
greater than or equal” to NTrl (i.e. all coded bits of

t he clmez dsteritiy bit Fom e upperStahe ShnitiRicht bitodet 5.

mat chi ng st age shal | be
: 27 parity bit (from the lower Turbo constituent encoder), 2'%.

f0134) The HARQ bit separation function shall be performed in the same
way as bit separation for turbo encoded TrCHs.
[0135] HARQ first stage rate matching for the HS-DSCH transport channel

- shall be performed using the method described below with the following specific

parameters. .
[0186] - The maximum number of soft bits available in the virtual IR buffer

“is N which is signaled -fromt-higher layers for each HARQ process. The number
‘of coded bits in a TTI before rate. matching is NT this is deduced from
- information signaled from higher layers and parameters signaled on the High

Speed Synchronization Control Channel {HS-SCCH) for each T'TI. Note that
HARQ processing and physical layer storage occurs independently for each
HARQ process currently active. |
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transparent. This can, for exanple, be achieved by
setting enm, = 0. Note that no repetitionis
performed. [0138] If NIRis snaller than NTH the
parity bit streans are punctured by setting the rate
mat chi ng paranmeter .ANu77 = NR - N'7 where the
subscripts i and 1 refer totransport channel and
transport format in the referenced sub-clause. Note

0AB7Inegat I\ M¥mvisl gneates' thapant @phallte NITh 6, d, aflE cstRAHItNEf the
puncturin

SRRoROEE s "t hrenl o S ol anaonina sbesoncbell be

tréindpacerdtOT s Sah r virt
buf fﬂea?‘3 [01§9] Iq]?r?l rs ES%?%J&EC u?ﬁﬁr{%%" H%oth&atno

repetitioisperformegs ocedur e bel ow shal | be appl i ed

b. b=1),1
DTSR © L3V B ey A S PR ot bt inekoned by
s€bling the ratesndtabingharaacted ANCTIGE Jv <-ON TG BRI the ¥ubscripts i and

streanms to circunmvent probl emati & puncturing rates.
1 Tefer to tmnsparaghamélemdaar@ﬂsmt fo21dad ih Sh€ MrerEndb@ Qu@él)a(mse

I\fo I ctu_rlnglsto be perforned |

: %T’_Iﬁg? rnqggjwe ue |1s gxpected prhprr r@pgnatd:gng gn:gplem(qants
aﬁw]ﬁngag :

PRk R Ao A o el gl i ana
ngmunw. ingfhedotdlg ﬂ)_rihe)strbhﬁis thf&ghNBéRﬂtMaFfR bl T1

‘[dl%b]_' "X I%’ filgs ns%agé] bm&uggglgio be performed the procedure below

shall be applied. Index b is used to indicate systematic (b=1), st parity (6=2), and

2nd parity bit (b=3), The parameter AN rarny -18 the change in length to the parity

- streams to-circumvent problematic puncturing rates.
‘The first stage rate matching delta is caleulated as follows:

if puncturing is to be performed

ANTT
X, =|nm3) pr=l A’;’; 12}, ANpwr =9, 5. —49, =1

i

while (o <4)

[7-&’-PR+1J
2

round =
7-a

A=PR—round

-L.{W%}{m;_}{m Lo

a=a+l
8 pp =98
else if (A > 0) then
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else ~PARtrr = L ANu "12J-X,. (rourut+ 1 1J sPR)J |
a=5 end if end while ANr/2j- ANpARn,,,b=2 AM AN i"
/| 2~ ANPA.,,, b = 3 a=2when b=2 a = | when b=3 [0140]
If ANl is calculated as O for b=2 orb=3, then the
foll owi ng procedure and the rate matching al gorithm
shall not be perfornmed for the corresponding parity
bit stream [0141] For each radio frane, the

rate- natchlng pal;ern S % e calcw where: Xi
i's as aboVdVemeFi{ts Xe j ANA [ 0142] HARQ
second stage ratdé matching fadr the SCH t ransport
channel shal | be done using one of two possible

met hods. fbl 3] I'f second stage puncturing is to be
per fe@yeed, and the Conposite Puncturing Rate of one
of the parity streans, cal culated using the fornul a

below falls in y of t terval ? 1/ 128,92/ 1281,

[(217/ 256, AMMSEE—AN;}ZHQQE‘G ro lf

232/ 2561, 1237/ 25p, 238/ 25 [487/3531 488/ 512], then

puncturing ofthat parity streamshall be perforned.

Not e, pun€tu¥ing maybe carried out on one, both, or
"nelthcﬁhftof the two parity streans, but never on the

sys ic parity stream rn {0144] Conposite
Pungiquphilg Ratio, CPR = N "' /3

AN, {'rANmIZJ—ANPM,b 2
AN:"Z“!zFANm,b 3

a =2 when 5=2
a=1when 5=3
[0140) If AN, is calculated as 0-for b=2 or b=8, then the following procedure

and the rate matching algorithm shalil not be performed for the corresponding
parity bit stream.

[0141]  Foreachradio frame, the rate-matching pattern shall be calculated,
where:

Xi is as above,
emi=X;
€plus = axX;

eminus = aX | AN; |

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

[0143] If second stage puncturing is to be performed, and the Composite
Puncturing Rate of one of the parity streams, calculated using the formula below
falls in any of the intervals [91/128,92/128], [217/256, 222/256], [231/256,
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rn L /3J-N,vz b=3 NNM [0145] O herw se, second

stage rate matching for the HS-DSCH transport channel
shall be done with the follow ng specific paraneters.
Bits selected for puncturing which appear as -8 shall

be di scarded and are not counted in the streans

towards the bit collection. [0146] The paraneters of

the second rate matchi ng stage depend on the val ue of
358y [%&71326,:%8&d@m1487/_5wb ; iaﬂr&h?i pusatrihgfthhbgarity
Y 1L _ iLngui s et wee rapsm ssi ons

stﬁégtﬂg Bri 91:’? P??gr%%ﬁeoﬁ%% C%Ifrég ’(’Q‘Y{—lﬁ‘/‘% oy qn one, both, or
rejibibeofthiectw petritySstiiams] Bt PeVe BRUBE systehARRSQith Yroam.
nncl) changes the initial error variable eud in the

case of puncturing. In case of repe hN’F’dB_I—bN;"Jp
nmet er r and_s change the init dtTabl e

I .. THeopaesitpPerdusmg Rafie, SRE o). tmaraj_ cal cul at ed
as per table 1 below [0147] Denotel.%e/ er pLabits

bef ore second rate matchi ng as N37s| f orN™t f3e
s, and Np2

BT ET G, nd g AL b S P B

cltimeb shall belibhle6Akh Ehefuliavin %iﬁ@?aé{gﬁget%i %@e@éﬁec{ for

P. Naara is the nunber of bits aval
Pypetappg; whichraprear agrishudk be discanied\aial ardxsi biwdid in the

stFdiind Rurar BB LR BBRET ' S 20 08 Mg, °°
[0pdéict ur | Mheigirppetet BEthd sbchi® r%%ﬁ%ﬁ?éﬁgﬁ%@&ﬁ‘gn the

~sta 'ge nunber of transmtted systenmatic bits I1n a

v p%%@ﬁsp Y BArgmaetres s gnd & Thie pprampeterieandake thervadue 0 or 1 to
di { . SysSt tic. bit ;
iREREER Bt bn fsoltslifha fiof B teR eF Meaietide e Sl apdpon
systeatatiohbito(s +i0)eFhoparanydbeftionge 0 t0Srmai- B0cHAAbA9 kh& Bitial

orfir BBl s s e oo LR A 6 a5 o rrpatihon g pRFADRYers
o b efigdite Bt} aEisb b A TH RIS b apf s are
calculated gg pay table 12mw.[ 0150] The nunber of parity bits
[0147 @ tr Panote the Rutsber of bits before second rate matching as Ny for
the systematic bits; Npr for the parity 1 bits, and Np2 for the parity 2 bits,
respectively. Denote the number of physical channels used for the HS-DSCH by
P. Nauta is the numberof bits available to the HS-DSCH in one TT and defined
a8 Naata=PX8xNdata1. - The rate matching parameters are determined as f‘ollows.

[0148] - For N, < Ny, # Ny + Ny, puncturing is performed in the second:

P
rate matching stage. The number of transmitied systematic bits in a

transmission is N, =min ,",,,N;,a,d} for a transmission that prioritizes
systematic bits and N, =max{N,,, - N, )0} for a {ransmission that

prioritizes non systematic bits.
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Ndar a -
-(N,rr,

respectively. Xi
o+l

I N~, - Nr.

Nr sya N,
+N, , P1~ for the

Par anet ers for
rizes the resultin

for9F LC ortr

Pl =m |

epimem,,

Parity 1 NP1 2-NP, 2I Npi
P1 2 Parity 2 N NPz I Npz RWP2_2 pz -N'pzl
HARQ second rate matching [0151] Table

2 |

oJ and N,, p2 =Ndam
parity 1 and parity 2 bits,

Systematic N, ~r RM S ry’
-N,P, I RM
Tabl e 1:

cal cyl.ated for

par anet er choice for

Mo Vat €N nly s agpetitipnds perfemresltin bhepcond rate

each bit stream

%’%Pn’gé gt@g? Id'fl ?%fweb%ii‘%%ﬁiﬁéﬂ pll hifstepaimsin gclienéd Ky Jetting

- Lr eP,,;, / r J-1) nod ep,,,,) J+ | in the

Elmsmmberpﬁmmmmwbgd systenfatic Bis'R & Ny +NP1Vedip2, | and
e, ,, (r) ft] [(s+2-7T) - ep™ N, +2N,

§6 y) --I)rmdep J.+1 for repetition, % e '

I >  NThe myppbenp '’ ofiv pagity e bity 1 ip | m, tﬂe}mndssnoms is:

the tot Nnun‘wer redundancy ver si ons al | oned
Ny, wana pgt_Boteaghat ¢| wagi e dependipg o
nodul at |jon nmdde, F i }GQAF%/I rﬁ‘e&%% ﬂ]g”’l'ngQggRr the
rmpx = [0152] Note: t he nodul o operation the

. ....p'agl‘tyaﬂ paxita Hits; a*esnmhvelyus ed:

the val ue of (x nod

'S strlctlylntherange of 0toy-1 (i.e. -1 nod
9) [0153] HARQ second stage rate matching for

the I—lS—DSCHtransportxg:h gl ghgl] De dong with the

nmet hod descrliSatkRAEOWy WILhEN ST at stream
into segrrents%%g h spec'r‘”f @Fﬂbarcﬂ&v’ergsaﬁgl cul at ed

bel ow. Bits |selecte ork31 punct ur| ng which appear

as S shal | lce,PE’é"r'%’clardebrj,1 a-Aje |0 Z[,_fad in the
MBI it c 0157

Rardgfrent &

streans towg | lectio The parity

streamw || At ﬁrmﬁts thhe first ‘
R Reade jup’ f?cw)e fisf %t Xty

mtthe—second

segnment wil | bits of the
parity stre

Table 1: Parameters for HARQ second rate matching
[0151] - Table 1 above summarizes the resulting parameter choice for the
second rate matching stage. The rate matching parameter e is caleulated for
each bit stream according to the RV parameters r and s using
e (") ={X; ~|r- e,y /7y J-1)mode ,, }+1 in the case of puncturing ,
1.6y Ny SN, + N, '“sz: and
e (0 ={x, l_(s #2:7) 6, K27, ) 1) mode y, 1

Nyg > Ny + N + N, . Where re{0,LL ,

date

for  repetition, ie.,

-l}and Tnex i8 the total number of

- redundancy versions allowed by varying r. Note that rmsy varies depending on
the modulation mode, i.e. for 16QAM 7ma: = 2 and for QPSK rmex = 4.

[0152]
the value of (x qu-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

Note: For the modulo operation the following clarification is used:
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segnent will be made up of the next Xseg2 bits, and

the |l ast segnent will be made wup of the remaining

Legs bits.' [0155] The first segment is denoted by
xf."xi,z,..xi,X, g, The second segnent by

Xi x:e91+1" xi, x, ' 91+2 +xi,weg2. And the final segnent

by xi.negl +xse8z+i x1, x:e31+x e8z+z+ xi,x, Wiere X 91

= 42 LX /98JXeg2 = 56 LX, 198J XnB3 = X, npd98
ponategingNehish apedt ai S stedkbé ks ffdomd/ atd 8ot Bided in the

ment exists, . gnd ifXl is a multiple of 98 then the
?ﬁ?lg?lasg%véﬁttﬁﬁvpﬁlcog%ﬂ%ty. For the case where a
[9d54] cul arhsegHmp! sthshnd fmhyb%*gtgéﬂeﬂéed%ﬁw ?esegﬁlgggsﬁggte first

is perforned on t non- exi sten

uncturin
%)%I@Ht W\gg?et nefep 9f therBire .4 ditstdARR: Pedbnstr&ahethe second

. [ for ..orobl tig pu uring rates .
Bkl VL Be B0fe  op R ot Koo a0 he I SognRgrrll hpade
Wpof theaemabming W:a4 bids.r addi ti onal paraneters are

defined bel ow. [0159] Denote the nunmber of parity 1

[bi55) bef oTBe HeGQREmeRt & dBHoELH HY *attier-X sagnent at i on
as Npi, segi, Npi ,g’é%z, Npi ;sée%is;ﬁfor the parity 1 bits

“in the lsgy SONRALY; Leshegtivel y. Denote
t he nunber %%&ggg?g%ﬁ%lf}fs"before%secong rate

.mat chi ng eghent at | pn NRZ,, SBIL 1. ND 2,0 eg2,
Npzsegs f%é&?t%eeﬁ"b‘gtﬁewe#gﬁ?ﬁfgn ﬁwz gL'is fgpéngc%gnd 3rd

: t ti by, =I4we}. t chigy t

Geverm ncBBE f ol | okl Po LR L S L A R e R lidhoe

[0RB8F T Ur | NPoteSTEREs ' t Chi NG .
| O AT e Thdn OB phl e T6 AR e o i s
mulgRieneta®3 dhen she Kyl segfieni, willBHe MiMtg SFor= 86l ke where a

‘pisitbler ienldBE e, Hich Sbors noBsbyoine b Partqumacs om that
nemexistentisygmbit,s (b=3) is: 149. NL.Pb ' LNWI98J+1

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

problematic puncturing rates

[0158] Parameters P, Nuata, Neys, Np1, Npz, Np,1, and Ny are caleulated,
additional parameters are defined below.

{0159] .- Denote the number of parity 1 bits before second rate matching after
segmentation as Np1,seg1, Np1,seg2, Np1segs for the parity 1 bits in the 1st, 20d and 3rd
segment respectively. Denote the number of parity 2 bits before sec;ond rate
~matching after segmentation as Nps seq1, Np2,sega, Npz,sega for the parity 1 bits in the
1st, 2ad and 3% segment respectively. The rate matching parameters are

determined as follows.
-[0160] + For N, SN, +N, +N,,, punctiring is performed in the second

rate matching stage.

[0161] ‘The number of parity bits after segmentation is
Ny o1 =42-| N, 198 |
Ny oegz =56V, 198 ]
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J; N .pb.ng, Npl, 249 N,. pb" LN pd /98] 1

Nl .pf.ae82 N +2J; PL | N1.Pb.aeg3 = N, .pb -

(N1. pbse8, + N,,Wn82 ) [0163] The paraneters X,
epl,u and ent"s are cal cul ated as per table 2 bel ow
Stream Segrmn Xe eplus elninus t Systema N N rya |
Nva -Nl.,ral tic RMS 1st Nplaesl 2Npl.,81 2.1Npl.ngl
-N,.Pt..,411 Parit 1 RM 2nd Npl, seg2 2 Npl.seg2

2' I Npl . aeg2 - Ni. p1. =P, mod9% NPi . seg3 2Npi se83

2' 1 Np1.n83 -Nr. Pl segS) 1st Np2.n8, Np2.ng, |Np2, ngi

[0462b2, se@hb mBabdrtof p%rﬁg Bits2AGalip 3@&%@)&0@%@%&2 bits (b=2),

ﬂggZaaé7 N{q 2" n 21 "P2_2 3rd NP2.n
§e93l ETabl e 2: Paraneters for
.dithered HARQ second rate t chi 490 64], The rate
mat chi ng par anet er RW, [ S= gﬁ dé;ﬂpa’t @ é ch segnent
of bit stream accor'di"f§ {o t heNRV par arrg rs r and s
using eb,, (r)={(X -Lrepl dgpt,,, .1 in
the case of punctuang ébeN I-E]pt{/ggjo r. -band
r"' is the total nunbdF<h f | reduniigncy vers,l bns al | oned
-33 varying r te L t rppx varj,es pendi ng on
""[bﬂ)e&]nodul,ﬁtll on nodé\No wa-N b\g&r W”“‘E‘QPMWWJ

e parameters Xi, epios and emmus are caleulated as per table 2

~below.
Stream | Segmen|X: eplus €minus
[
Systema
i:ilzar Noe Nos IN‘?’ =N, -w|
RM S . .
Ist NP'-fesl 2-N plsegt 2 |Npl-se&l -N, '-Pl-mll
Parity 1
EM 2nd NP]"‘” 2- NPl-SGSZ 2 .IN plaeg2 T N t.p‘l.ugzl
P1_2
3rd N pliseg3 2-N plaeg3 2 'IN plsegs N, l,pl,.rcg3|
' 1st N P25egl N pL.3eg1 ‘N plaegl T N, l.p2.segl[
Parity 2 ' '
RM.. ' 2ﬂd sz.squ . sz,scgz [sz.seg?. - Nl-pZ.seg2|
P2 2
' 3rd N P2,5eg3 N P2.5e83 IN Placg3 N, :.pz.segal
‘Table 2:. Parameters for dithered HARQ second rate matching
[0164] .  Therate matching parameter e is calculated for each segment of

bit _stream according to the RV oparameters r and s using
€ (?')={(X i -I_r-e,,,,,,l I J—I)modep,u, }+1 in the case of puncturing. Where

re{0.1L 1, —1}and 7 is the total number ofredundancy versions allowed by
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16QAM rnm= = 2 and for QPSK rnm= = 4. [0165] Note: For
the nodul o operation the following clarification is
used: the value of (x nmod y) is strictly. in the range
of O toy-1(i.e. -1 nod 10 = 9). The rate matching
algorithmis called for each segnent of the parity
streamin turn. [0166] [0167] For both parity

strearrs, oﬁf{?g the rate matching al gorithm has been
W T b dhat FRTI9dependingnem the modulativremode, i.e. for

WW&Q—W} | d_be concatenated together in
the|r orlghnal er. r BT68] The re-concatenated bit
elam i sNeotm cﬂoedhb;nodxtiln oEatibn Koe followdp darifedionVis used:

0]
xé’ "t*% °‘3§m%y)r1§ GFIRH 1 the range ol to 1-1ibe.r-2 gaoi®e Delhe

mematclﬁig a@bﬂﬂ:ﬂé@%aﬁ&?fok'@ﬁ@ ok B
@f&é eved using a rectangul ar lg&n%ﬁegvg% I%Eegn”ntum
] The nunber of rows and coI ums are determ ned

I AR e o R

ciled f@reachvﬁthmﬂamasegm@msthm& ulbtub@d siBnertS $hould be
Ec%@e éd of ..the | t_erlea afir col um by colum starting
rom Fqgregl‘l\er&m AT origgaal ordey vs is the nunber of

[@¥68hsm t 1T SY pé-Boakén S. te te; val

and Na are cal cul ated L]éé%lle%g bklfr] a%g@%&p S ,dfésgiﬁ?‘

x ma‘ra yegl,2v %sehl@a,lm JxaL'tglm.}eg2Lf m.regQNandNa 58, ’l”“ta:eEZ’
systematic bits are witten into To%s 1 G Spe
[C@ﬁ ]ar w s TheFEABQt: aﬂebﬁoﬁs%cﬂdvbdﬁﬁingatr@ctéﬂ arfnterleaver

%gl ,_t[,ﬂeflrst No col ums and, Nr > al so
PR T Npumberﬁgrqwdmlgme.armdemmfmm
[0174] The_re I ni is filled th arity bits.
The parity biﬁngir'q‘g% WMWmm o the

remai ni ng rows of the r speﬁtlve col urms Parity 1
and 2 bits are witten ﬁa@/”&tlng order, starting
in the first available colum

If the two parity

d RV‘%H&)?PS 32 |b|n:je unper .
[0 W( 7 eg?% 181“’“‘@%5;}3% wepleavepgelunyn hy coligma, and xead out

eans
of tli@inteleavit icblhu@th BY LOAA! ﬂai‘tm@ R Atk ' oBfmn 34

[0171] Nigys is the number of transmitted systematic bits. Intermediate

values Nr and N. are calculated using:

N,
N, =1Nw: J and N, =N, -N,-N_,.

- fo172]- If Ne=0 and Nr >0, the systematic bits are written into rows 1...N..
[0178] Otherwise systematicbits are written into rows 1...N+1 in the first
N. columns and, if N> 0, also into rows 1...N, in the remaining Noo-N: columns,
[0174] The remaining spsdce is filled with parity bits. The parity bits are
written column wise into the remaining rows of the respective columns. Parity 1
and 2 bits are written in alternating order, starting with a parity 2 bit in the first
available column with the lowest index number. If the two parily streams are o.f
unequal length, Parity 1 and 2 bits shall be written alternately, again starting
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with a parity 2 bit, until the end of the shorter

parity stream then the remaining parity bits from

the | onger streamshall be witten. [0175] In the case

of 16QAM for each colum the bits are read out of the

interleaver in. the order row 1, row 2i row 3, row 4.

In the case of QPSK for each columm the bits are read

Q h'é’f t.he interleaver in the order rowl, row2. [0176]

Wheht PREYmBit ety the endiel theshoriar paiiygticamydhemthe remaining
ch the first stage

pefity bité A¢ni &etlgﬁ%erssjtfééﬂ LRIy b8 W\rlz\'ﬂhin it was  shown

ing is transpare

Eﬁg SCH rate matc . .
lt he pothecavenfd 6QAM fdnedchreohirhs Qfﬁe bﬁﬁ Bréiead out of the
of the. rate

o . ) Ch i
e S By B K 1 o Pt i o g e PSR each
- ¢olyubn the bitsdes reddiowaufithé MiFleatdr iNafe f&%{;ﬁ?{%@

@rh'i probl e t‘|}c1 code rates, the positions
ngnct ur Fgenhe agalysispf the ratempatebing(issue waorestricted to the

PRt ionif Phikh 5 4l i1 T 0sSi t,ipn ar ,positions
i thin aqar%%f 0 %*Spgi;rdfggﬁ ?ﬁqﬁgﬁ%e%qﬁmgsls anspgrent it was
Fartbetihsdesformance degrhdstibesrisesdrm a8 ik ir@6tidd Wtween the

p . : 6
PREORUTRE G sl e Bt DR Rl bl the iAbgront padiediite at the turbo
ehOWiaT] Int pattiailing| it ovisNehdias %&H@Lﬂétﬂ%bepﬁ;bé%ﬂ%fgé ila{,‘;ggn Yotes. the

al%.ter " i']s defined to be the p ons of
PE‘T’ N ﬁa'tt aFRrPRGtaredhitisiream effsuoviver el net peactured) bits lie
in- B ekl | ; ads I t .he reci pyocal of

t he nurrbte)ébg%?i@%fp gél g]ﬁ'/ee{?ﬁg 6&%&#{@? d’eﬂ"ﬁ fﬂ’g jSggents of
the nenmmiciuredf stieenpulicthise bepns dbinoASirated tHhgE Opdrince
d%ar1ad Sifeam 01781 Igpéhe case_of_ two-st de rate

HRECh Ny, “PUh A FEPRYY thesame mechpaismywhen dhe fiost stage is not

traogparent) two ways: 1) A pattern arising frombits
i.n the first stage only 2) A pattern arising

cture
“’W@m bi t & Pefellowing descriptione ‘Oanotuiat wgesrn? b defined to be
theagd | . uppn both the first and second
PRk, SR AIRGIL B bR, 98 piclgrod o a mreel sivepm.
“PopchirggeRaten it defimgl malzﬁﬂi?r&laﬁbf @R\Rfnbék of bits between
l%géf %rgat&ge.d%%{ ad(gtl_on, the tol | ow ng nethodol ogy has
pupctired it positions; Gnolesive pf thecpunchured posigions) imsthewiriginalbit
stielagh, puncturing will cause a problematic puncturing
tern._ This is achieved by evaluating an "inplicit

098 at i orfin therease of twatstage pite dhatchirig) pubeRgidl at leads to
Ao Sl oo T R FB%8ml y o et od 11 ¢ he cal oul ated -
| "pL)i & phttern 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 pattérn. 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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-35 duration indicates a necessity. In this case, the
anount of bits punctured in the first parity stream
is increased slightly, whilst in the second streamthe
nunber is correspondingly decreased slightly. This
has the effect of shifting the puncturing rates in
both streans to break up nodulo 7 periodicity, whilst

#ﬁﬁgﬁn ].d%(#e t ot al am)unt of punctured bits the sane.
%ﬁg FERR 2 PRees Iﬁdhtﬂt%sﬂ,r‘@ewmwmtmfbﬂ;s punettiréchir the
Sirsieprityistrelb 8l he

oty eirckaks indten Al Y, PN il %%\@&heﬁm%fpumber

codi ng performance In
h %#@Swmmgzgeased slighthys | TeispHAS tthe | 8fect adfesii ing the
unt adjustnments to t

BaELPhCAT, Ogﬁ .%tl A fo Sreat uprpedulo Ztmgmdwy:y whilst

gunct uring rat e
eering she dota]ﬂamcmm puhetuﬁém it thE Safdl ﬁ‘he\rlh]dﬁusﬁ:ment in the

éngﬁ%nfl go d wth a ook up ta
‘ Eﬁﬁh g A %ﬂ@‘lsw (334 kemtaufﬁcﬁentlp?hiaﬁl teleave the
. ﬁéi‘fﬁ'nﬁﬁﬂ'e I arise. If the
| @#6 é(;S|te rateq%fegggétr%%rﬁ%%ﬁe&§ "within a range of

| emat Il@: thersesond atdgdi & hempogie ptﬂ&mﬁ%@atesfoﬁ @E&%?ﬂ'eam,

ARy th) R M phociow robaceiod ot o st
- Stegesis calcaiteiN Thelco@godite. ﬁuﬁﬁﬁﬁém‘@ %%Er dat| '%gprlngpred

i kel to contrlbute to an- =wan

- Rin oo fie b Soheh xedintsugtes at which mahdo-?tﬂmoawwt

- aofl Hélnbécﬁﬂ&%éﬁﬁahpn L rStIg\ﬂ;f @PYR Shie @dgla stream falls

o ~_r.educed by an anoun
- Vithig aganee ufgmhlemaﬂleraiﬁgwfaﬂttﬁ'{:@a&l o‘iithﬁffseagy?ﬁgd by

dlﬁﬁ sane @uﬂt The decision as to her s
hge sHOtEHOEARRCtIng e 9%mwaﬁaaxedpamhaw@pmnmwwmsﬁ

Hpewabteing piétiflin SRS, NP1 ANEE AL L0S, hendbh )

of survivor bits

n
Orpé%ﬂﬂﬁ to reopbrdbulieptm erumestastede patterth Iaﬁ;gi' l@’é&%ﬂ& stage rate
ul o

nﬁﬁgﬁﬁﬁ?jﬂmﬁnaéea%% 11&]1%%21&} Pﬁjé’ﬁ plsjlac' fimst newity glream is

peri od

redueeshhy ansaapphi emms&ammedhﬁmaﬁ £ BHO G f'ﬁﬂg? in the

It hm naybe a lied to either or
Seg%?'f figear i‘%‘é‘ﬁ’ée%S?F? glﬁ thesmmaamenndy E'he‘dleemoprasd:ewéjeﬁgar%uch-

a phahde/ shbhlgafik empl oy:s 1 wo punctu
r.at eés s'one |gr$ermﬁ?ﬁg?% gﬂ’od} Raf? ‘At‘i’a r Whl"h

. est qt@?e#hegwemn@ftmwﬁmﬂm of bmmt%%ﬁtﬁ Ho?d % same
| stream

m%“*?é?ﬁﬁeﬂﬁﬂﬁ%u&&%” st B Aapel pecommercgrestoe than

49ahits (L.eOUhthdy'§ RERIs) tthtclntt'ih% é’dj{:&nﬁé}h & 8% 1BMHs of the

strams it aophied, |
[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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possi bl e to have one or many sw tching points between
the two puncturing rates -36 within a parity stream
The nunber of points is not critical to the
performance, since the fraction of the bit stream
punctured at each rate is independent of the nunber

of switching points. [0184] The nunber of sw tching
nmeani ng that the

%E%n.tsis.ettooe or.two), nea LF
pu Jr B ‘T‘té‘%f’lﬂlc ‘ SIS ROWRs (i not ¢nilica) te Hynpafarmance,
isincefthe Bralctin of £18d bit m%ngg%g% %t '98(‘,’149{&58 *‘rﬁ”iéhgﬁé:{'d%nt of the

rate than the original, t uses
EHH@teﬁlofﬁgltﬁhllﬁPMtSt he two segments do not account

{200 o wect = PR a0 ot/ e oG ana orie), mesning that

She ginallured atianl bénsidté of t#GIGF Thrdo? skERbRBNA bhidfhe first
, égl(nim@ for puncturing.exactly the correct am)ulr:ﬂ 0

gll enF Omii:\a 2?%‘?@%’@1%‘%@5%1}%%@, thatseconidyuses a higher
pueatiing rhbe If By -VfN\gd’s’eg D26 AbP a%b};éf ﬁ)lr%ﬁgn?v%}%oéf the parity

segnents in this way, the origlna
Sreeri 4 Hiird srswent Isylowed s dhovehd tEoine pHineRired @k 3B bAKInal

thi The . diff bet ween. the hj gh
BT, it bboat F oot R, St gl dononoveriog) el the

gozzteet amounhbSbitdRt MeRDain B e LONRII Wﬁi&l&é Egtef Egg)tr.écﬂ%ing the

| _ thﬁlj econd quggent and the origi een
PRTYY Stragng 1 PF oiabeovissegenty rin ihiswialy - theveigirad rate
hetcBi! £186rit i bk &9FBe. i not representing a
' Eili%: cgﬂl{ltﬁ}g%?ﬁ § g 1°n %ﬁ%dnvgﬁlrlgf’&e Fpr e%qé;hanges.

Sl.
{%‘i%ir i ty Bhe cifference hetwoedi fhieehighat GuiRbwiid@ate in the first
sEhHA cQperaties, in &chyff the_sane manner as

Sete e gate and glso elmqmy}aeévwemmumngmmthe

Pt evi ousl ¥ ned:

seionepginbat b the OfigERT MRS bSLABE {oAl/20 TPiliS @Fie%gtgl{ﬁﬁ UinSws for

ﬁ?d tqQ a performance degradation, unequal
PEYY g cﬁmﬁ &¢ beipyoided emphilstrot repedsentihg ahfgfificant
chtielih & tgdo-not: change the body of the rate

mat chi ng rocedure in any way, but rather the rate

[0286k hi ng Ipdibenmnfurity tdfadase, €haRRbdEkdd rak Eﬁ&t@]@ieﬂgf Slgorithm

Oﬂeg 1ed0, r;%:{in%gt ation, the nodifications can

SEHCE PR E=GFHLY, the samamanneriag previously defined Vit the mind@is of
& InVhechVe: | I t. . of t

i 7 e SRadl Vet Yoo RBHang il foad to o

_system [0187] =
Pexfogmapee emaﬂ]gapngmeqaa]:ﬂength sirewhs ¥adee dithefiRg ak@applied.
robl ematic

S0 20 ST B PR T stin
- promdubemmmewhy,Bit@sthér the rate 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/éon*ecting 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 axt that various changes in form and details

y
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shown and described with reference to preferred

enbodi nents, it wll be wunderstood by those skilled
in the art that various changes in formand details
-37 may be nade therein wthout departing fromthe
scope of the invention as described herei nabove. *
-38 CLAIMS: 1. In a conmunications systemenploying a

_ | of, rate tching stages for processing a

' BJIJ# gFi"%"éd%ith?lﬁ’m W%éilt" ‘{;"Qﬂ"?"}g Brom dhe seome othevbrention as
tdesarilpid hepbivabovd N0 a sel ected nunber of bits, wherein
degradations in the quality of punctured error
correction coded t¥ansmi ssiond having a fi#rst group of
parity 1 (Pl) 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 addi ng a nunber of
non- punctured Pl bits to the first group and
decreasi ng the nunber of non-punctured P2 bits in the
second group by the nunber of non-punctured Pl bits
added to the first group, the nethod including: (a)
determining a nunber of bits Nusing N=[ 41 + | |

each branch of rate matching and P is the total

nunber of the PI and P2 bits at the output of rate
matching; and (b) if I- 7Z <1- 2 ; | All calculating
the bias 1L =nmx | - PP_and ~L7N11 2 "' 2 r7+1
2 21 17k (c) setting A=0if I (P2) - 22 is not
<Il- 2 4+l 2 2. The nethod of claim1 wherein

non- puncturing patterns with a

38




period of 7N 2 cause degradation in perfornmance
results and Nis a whole nunber. 3. The nethod of
claim 2 wherein the non-puncturing patterns will be
enpl oyed whenever the average non-puncturing period of
P1 or P2 bits is within 1 or I of 7NN2 for even and
odd 1V respectively. -39 4. A wreless conmmunication
system enploying a plurality of rate matching stages
for processing a plurality of individual parity bit
streams derived through puncturing a selected nunber
of bits, wherein degradations in the quality of
@iMMIMSed error correction coded transm ssions having
a first group of parity 1 (Pl) bits and a second
group of parity 2 (P2) bits are identified, and the
punct uti ng Ipdemmpnichtons systempanployimg amduhiliss efiraby matching

asldizegfoa prasebsing afplmltrty Bﬂﬁi&iﬁﬁ%ﬂ% Parity Bibstrarhb ﬁeﬁ’vﬁ& through
gﬁtﬁ%uﬁ a{j ‘é‘@l@@t@ﬁ %HT?,hvevhﬁ{F A gfgagigefdjcx%mns 39 the quahty of

ts.In Seco n
‘Eﬁf %qure%wscoae@ é’émtsamswens hayiog afivsigroepef parity 1

s@?s‘lﬁ chitd podualisegond groureafispdiity Ge(F®) ity Afe ddeWHMBS], and the
' 'qubitﬁﬁn rbiﬁésrtﬁf the P14dnd P2 MRELE as%g Bﬁ%ﬁdix}g{ 2 ntturﬁ?ber of non-

e in t t0. eac
%t CEI ng a E%toati’ :lh drﬁﬁ?%Slr&gthpﬁgmpi}eraﬁgowunctured
kitgin thes ee'mesnoupﬂJyrthe elumh&rh]f ngn-pandtyred Pidsitsaddyd to the

d‘aistgicaxp,n@emh&mmmaz <1+ N2 7N#1J 2) 2 2| 2 J |
(c) neans for setting =0if (P2) -, 2is nor < 1-

2 +|  fa)5let@heinys harammbecbBbits 4V whRge N ﬁf’ NGh&eiR g is th
patterns with'a period of 7N 2 cause ddgfadatii on in 15 Hhe

- pemhivnrreEs ferhe! ﬁﬁu@f@e&éﬁ b?alﬁ:hvﬁ_}qlafe o WORG fik- and B P Q%he total
RS dne b AR PARES B e PR R ratm AR AR | ng

perio Pr or7R bl]NS FMmthin 1 or [z of 7TW2
for @’3 ﬁ} 'iﬁ_@dﬁfr Tgs*p’??Jp galcplatingpthe bias

(C)settin A:Oif———-—-{—-—-.;ﬁ : ._..é\r.. ﬁﬁ
4 IOEE isnot <1 2+ 21

2. The method of claim 1 wherein non-puncturing patterns with a

period of 7TN/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 2% of 74/2 for even and odd N respectively.
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4. A wireless communication system 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, 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—puncturéd

P2 bits in the second group by the number of non-punctured P1 bits added to the

- first group, the system including:

(a) means for determining a number of bits using N = [% + é-J wherein
1is the number of bits at the input to each branch of rate matching and P is the
total number of the P1 and P2 bits at the output of rate matching; and

(b) means for calculating the bias

A=l max ,___f____ﬁ . F__ I _L__IN <1~—£+[£J; and
-1 272 [Na][] 112 2 212
2 2 |
(c) means for setting A =0 if 4 _IN isnot<1—£ + N .
(P/2) 2 2 |2
5. The system of claim 4 wherein non-puncturing patterns with a

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

number,

6. . The system of claim 5 wherein the non-pu:icturing 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 & respectively.
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