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is conveyed by one or more physical channels defined by mutually exclusive

physical resources. TrCH data is transferred in sequentiél groups of Transport
Blocks (TB) defined as Transport Block Sets (TBS). Each TBS is transmittedina

given Transmission Time Interval (T'TI) 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.

{00071 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 25.222v3.8.0. Starting with the TBof
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TF specifies a variety of dynamic parameters, including TB and TBSsizes, and a
Variety of semi static parameters, including TT1, coding type, coding rate, rate
matching parameter and CRC length. The predefined collection of TFSs for the
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- [0010] Receiving station processing is facilitated by the transmission of a
Transport Format Combination Indicator (TFCI) for a CCTrCH. 3GPP optionally
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Conbi nation (TFC). [00101 Receiving station processing
is facilitated by the transm ssion of a Transport
For mat Conbi nation Indicator (TFCl) for a CCTrCH 3GPP
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[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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systemati c convol uti on codes, which can be used for
channel coding and decoding in order to detect and
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[0018] Because the recursive encoding blocks in the Turbo encoder have
infinite ilnpulse response, information about each systématic bit is distributed
across many of the parity bits. The impact 6f certain periodic non-puncture
patterns in the parity bits can be qualitatively illustrated by considering how
much information remains in the surviving parity bits.

10019} Regions where performance of the punctured Turbo code is degraded

can bg determined by measuring how close the puncturing pattern is to being
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Turbo encoder have infinite inpulse response,
i nformati on about each systematic bit is distributed

waegass1pny of the parity bits. The inpact of
periodi ¢ non-puncture patterns in the parity (gﬁ{%z%:goasns
be qualitatively illustrated by considering how much
perivkor wigh p@ﬂod Bii@ied3o the pét@odiéi thé yélﬁ]jgpdiﬂ)‘allé ﬂnﬁﬂgér sponse of
0019], Regi ops ereeﬁerformance of the punc recja

thy JpgHSs gBoqcang Blacks efithe Biprbp engedesr ni ned by rreasurl ng

OO, 2SRl RIS Lk e v

an@mﬂmﬁ%mﬂsbéh@mslpwmdic with a%lﬁ‘iodnﬁﬂls?ﬂibbls OB poSifive time
resgon%ﬁ t&, the r rgi ve encqdi ng bl ocks _of the

Hoddis € tﬁz@} yhgrsegn Brsbrterprebrfioamebiherenceder as an

MGeRsdrck lg@ﬂérahﬁ‘cﬂé SiMBe SREPARISNAUPLs, ﬁgbé ?@é;»l S%Stﬁba‘}d a one

resgonse Is periodic wth a perio
is fappligrd enlyi Q/fet £i0mshen sﬂemenp@ien‘adlecactlﬂhlhnean Reedbhdkysm&,

rp et at f the encoder ‘
RIS LA S0l b ey SRERTS b BgRlatgnd mt
statedl nsm,u thuk hqaemmsa at7eMaRguande!is gehdraldtPHd sR:WeMmﬁE
Is _exactly a Linear Feedback

= 0, then encoder
m‘iﬂﬁ]f t F@{ﬁ ecader léﬁsh)nw*t'lhm&rlnagg@nt @) sgstenoeniarbinary
fiely.| %Eer&ePﬂfe)/Jl& 2lor B ehddabt A 4 & e ﬁl&.&%d@er:im%seof fhe

. period 23- sequence I's genera posi

impilee res;{ogsmqf]thﬁ' kecaier,ouieh shifted itipndsreSHhonze lcomespading to
on bi.par. fiel Therefare, e oyt put

ool Tl TR BB e ol firal S Ao B

thermihé Stmtp@ls PONBEe &dnstitGerdNeQtREive CakhADY bIRE WIPWISE be
spqnse correspondlng to the locations of the 1's In
Sm?hﬁe ¢ for tieTconsi der an input that is all 0's fort >

t he stituent, recursi
100B2) i ek fiin A itncRlrihd BoiORShhy kel H8 Hak of fistributed
mfpmaﬁ@ Lunt alsmaibgrqﬂp nEbils hergsspidieisetis parity bﬁsuFbr éxandple,

I ormati on ahout a s
et SR8 TP tan sl ot Elom by i Poes. v ol hgikuoblem of
tryli@ td Meﬁﬁiﬂédﬁ&ls%irel@ bit€ by dbsedvatibawe @h@ YutitYof4ak %coder
roblemof trying to determ ne the

consi der _t he
aft%"eg t}?‘%%ctlbfyn%bggﬁb absgmaben inmadewpthe ohtwrds envodef a
A} ion _is made at ,
su&ta{é @fgclulg g%ﬁél fgié;éﬁg)g% Hla%ag(ﬁ@c% Shll eﬁ%gf % Ron- _P'I%].CTg‘e Befigd and
thesinigmdse trspomsede thenienaiveyerdodinglodk NEbR! hﬁbsp &bhqﬂmaﬁﬂ-e

patplifs] BBt SRS peod Refaifely" srinie i Hhe Demlod o the

semi-periodic impulse response), sums over 7 different subsets can eventually be

observed. Therefore, a system of 7 equations with 7 unknowns can be formed.
Assuming they are linearly independent, the values of the 7 bits may be
determined. However, consider the case where the non-puncture period is simple
(one surviving parity bit per period) and the same as.the period of the recursive
encoding block, 7. Then every observation for t > 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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patterns (those that have a period relatively prine
wth the period of the sem -periodic inpulse
response), suns over 7 different subsets can
eventually be observed. Therefore, a systemof 7
equations wth 7 unknowns can be formed. Assum ng
they are linearly independent, the values of the 7
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[0026] It would be desirable to have a nmethod for
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[0938hi ons A‘fcor;lmgltmgﬁusmréaodmea of tha piebetlt iresngom) ABP2 plnGitiring
. ! two rat.es now invplved, which are a

i ForaBE e ot PR F e i P Eoresicp

mﬂehmmdmskﬂge of punct uri ng. [0030] According to a
odlnent of the_present invention, Pl/P2

rst e
[‘}%ant ur i AT ?’F@""Fiﬁfnbﬁd‘%‘F‘ﬁgtl"Vé OE RIGTG StagF a3 g employed at

cabiBtaGduf g maGehih YD dRBERE 2 cdtSét cl‘phhmlﬁ TkoQbdes on a
correction coded transm ssions. [003

A d t
HG SesR e De s S Chompald NGB0 6 X5 Fih Sosoin ook gt dogeael

H8bpagach stage of rate matching for detecting and
correcting performance in punctured Turbo codes on a

[00Eilgh Speladeckdancd withkneshyzrietthhaenaven{dnSheRSGrhvideda RS

wn i nk P Ac In
accorg %& IHWmﬁeﬂg%%%%%mgpﬁﬁwgﬁg¥g§ CAPW%E%FéE%f
| mmm@mtsblmmdeﬂecahmghmmmgi fcbred M&%ﬂﬁl@fﬁﬁh&wﬁﬁﬂ a
Bt Btk Furb o SRR Dok, S easo Confprising () dendmiting

whether or not a desired code rate, used to process the parity bit streams, results in a problematic
puncturing pattern; and (b) if a problematic puncturing pattern results in step (a), adjusting the
number of bits punctured in each of the parity bit streams by increasing the number of bits
punctured in one of the parity bit streams and decreasing the number of bits punctured in
another one of the parity bit streams.
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i ndi vidual parity bit streans derived through
puncturing a sel ected nunber of bits, a nethod of
avoi di ng probl ematic Turbo code puncturing patterns,
the nethod conprising: (a) determ ning whether or not
a desired code rate, used to process the parity bit
streans, results in a problematic puncturing pattern
and (b) if a problematic puncturing pattern results in
[Ge () a@Bidiit Witla {dshd 2EREHe &fes_e}&'ix‘iv%nrf?ﬂ,r%ﬁetré’iﬁ gx%vihéh a
each of the parity bit streans by Increasing t
CoRPHTatiens sytemsempiayineagpusditl of ragpyeatgfingstagesfarriiroagssigta plurality
§feh@ H%“ﬁ%ﬁ' . in
oBHRRANA paftFve Sdrivel L‘ﬂﬂ)ﬁ% f:mgoef segblre@ n%% &ﬁ?lg,?an

anot her one of the parity bit streans. -
method phatividinguretienatis dbdagodenyedtringfpati¢res, fheasgiotd comprising:
@ ﬁél'jﬁs@itlé e nurﬁl;EFBfaoitF Mg Iilguedgh 8 th fil's %I‘nls %g %Flsexgutlgetﬂ%

enploying a plurality of rate mat'chrng stages ftofr
nwng% eg@rsmgn@ired roag pithe pagity binsticorhgland|degreasing yhelpinmber of bits

] U el ect ed nunber

PRI RO ol AT hRbAU D, B ko [ R S8R Bl of
g5t 9 themamty by atreamsnghilet e ntabst thgxdconatmgraveial g ffect{sa)coding rate

e ﬁé{ ( . 'gr of bits punctured in each of the
%a?gt 1%3?&%§?ggﬁ§ by increasing the nunber of bits
[Q98itvd t ur du ageprdanve with athiel agmri of Yhe lpiekens inkensiom tlendis provided a

i-ng t.he nunber of bit punct ured i n.another
8 58l STl o orod i S i P e e
mpthﬂlccbmpzishg (1) dteafying a pusmeing Giterh h&icfpﬁrbiiﬁt&ﬂ atparfidul@ aigs
i intaining a constant overall effective codi

o o R 8 P o R B R o et B s of e
pactodngtatnteanditiepadicodldtic6dd raspadreadihg 408 Gedpda8BEME number of bits

i nvention, .there is provided a_ nethod of iIdentifying
PRSIl BATPSHYS Rt it 5?#8’9’@ agy bigsing deppriehlas Fedsrate or r ect i on
[00DidPd 1 r BISEOr&HEcOHith a folvgh aspaRt STk PRBI EdveARE, thdrdds provided a

[ g?%%%ggng puncturing pattern which approxi mates a
mﬁg 9t igR g dsgiadatignsan ths quplitf PangjurrderrergorEecianicedsd f or
tredibsohIATiBCh T YoasRHhaP1 ) @&&fafa%&&‘d@grawwbakg% (P2) bits, the

mat chi ng of the ‘puncturing pattern and the particufar
metbpdeompiias 68) afidieg ruaeiradbit teithel irst ssenpiohBl bitse(blrembeng of

pu!'@létﬁr%d biR YL s@g)nb %SFE&%% é.; Y& (t L zds%%wg IRIS.H&?JI‘I{I%I%@? of t}%qq

bi asing the parti ar code ra
ang 82 bitsdegved pblematic ffuocipting mttgechy: Gj adtlinga pungeestinon-punctured
i 0 ; o rovi.ded thod of .identifyin
PR PR ol Bl BBl 5 fer TR brT Pl F B b scha
groprby detnumberod k@epunttmad 8 Irbisiddedso thaitshgoap.f i r st group
ari 1 (Pl) hits..and a second group of parity 2
| W@Eﬁf b Raecpdgiee v B ERSFETRa RGNt (yyniigacihssty e provided a
methuddbriedainD dégBadkiont BRyublith SE puBlEi@e® et chirebiel bdd® itrahidhissions,
renEving punctured bits fromthe second group of P2
theynethod comprising; (ahidendifying anyactysing patigH; wiichaprredmeles anguicyiar)
aatePehalh)tadjubith jafh BB ' ns
co_by ; te( 1) l?a) d dlluntg g?‘ﬁj nbn{g{e%g‘f no nﬁsgll?ﬁ%?ﬁsﬁlgfé keg%i{a%%%sg Et 0
miETHECH ip thotpugite ing pattameiandi the paisslepeods rigs intircrensini end dsfreasing
. . I
th%‘b@%ﬁtyﬁﬁlgtu?c% uk? %e{sj}?eég%éatll@ b‘?‘t%ﬁgzgl%daer% b?agﬁg ﬁ)eé p%nltt]l?tél?r code

nunber of non-punc bits
ralgr oup.
[0031f] In accordance with a sixth aspect of the present invention, there is provided a

communications system for avoiding problematic Turbo code puncturing patierns, the
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[0031e] In accordance with a fifth aspect of the
present invention, there is provided a nethod for
reduci ng degradations in quality of punctured error
corrected code transm ssions, the nmethod conpri sing:
(a) identifying a puncturing pattern which
approxi mates a particular code rate; and (b)
adj usting the paraneters of the transm ssions
s$dtrh cOh @By ()@ SBUBE &F raf¥l BITBLIRE st Pest BE pRIEGIAY d Plrality
pattern and the particular code rate by increasing and
0& sebadpel prgity binaraamiRr mesns for adiospaibe wrehyr pirbits pasiEdiiv e
e%ﬁrstagé/ oftﬂitte nﬁtoﬁf?}@nﬁrd (@ﬂgegﬁls @&' ?ﬁhﬁg tlﬁ:al{ trﬂb%y L)faﬁltscégst ed
rate. 1f] I'n accordance w a siI xth aspect e
iy pash e tth MWehtw iobprity fheemeameb}pnm«aMe theaumbay rmﬁbum poadriredis
oﬁéy lgeigﬁislgzrbtlt st{'galmt%laﬂg d&%egas?hn%tga rrlr‘l)l,}ﬂ(;bse tgb,lts Engr;%gugedg{lil gl??c}g}%f[ rlflgr}%f

tlﬁ:fpal‘laftba’,t sn’aétmﬁ‘l amgnssﬁ@%pﬁmmnpg ﬂi‘fﬁﬁ&l | pigbl@nddic uddtiring paBérn.
streans means for adjusting

i,vi du arit
[‘t"ﬁ ggi nunb acg dzgeq ?blbtﬁ?c‘f‘t“dt asbret ?f t eéﬁeﬁntéft"a@t@nottwr? igpeovided
a OoirfdicAghns S&Em (f&)avdmﬂg iﬁotfl@ﬁaﬁ@%ﬂ&éoﬂé‘ﬁ%n&h&g;ﬂdﬁ@x%r th@sfystem
bits punctured in each of the plurality of parity bit

compriging ) pplurality elgate mptehing sagrblor PeFesking & pbuﬁct o ed in
in@RRuA barlty6it Rkrhd; ¥b) Bledns &k LERRR; RN mBE Of RAShEDbik Bach of the

nunber of bits punctured in another one of the parity
PEbitsteams hgincrasens Bieaybryg of te pynatesd inrdne of themasitydft sigeams and

da\?mt_re% i%ﬁtgﬁﬁﬂl&rm %@; fohllor the% y?'glgs]treé Igl?dc(&r e%&s%gr

with a seventh aspect 0 e pres I nven
bipsing thepyrictiang ratgs dorchoftheiadividubpasitydit etraafe whiteasdidainigg a

aﬂ&ﬁ@h&ﬂﬁ%h&m%ﬂ%ggga?de puncturing patterns, the system

conpri si ng: urality of rate matchi ng stages
[0DBih] pr oC Bswéadiing vidthah ailhth Yspedt off thelirdbbrl Udbntida ilieteis Rrbdided a
streans; (b) neans for adjusting the nunber of

COBW‘PW@ & idenfifiingdepradptiopyipqualipelipuneturd errericpressiins cwd
wdnBRERAS kil Gyste o bttg‘ﬂgf (g)% 5}?; foﬁdatﬁ??ﬁﬁ%’a[@ﬂ%@bggﬂﬁe ?t)vgttc

parity 'bit” streans ecreasi
approniates e gartievian nole ety ai(b) mﬁanstﬂsredjpmng 4 yalub ifdr atsibllpﬂai’tﬁgradatton

.and % qﬁ ns fﬁ a&ga5|ggﬁthe uncturing rates of
wi{Be Pl e PBGHRRRSpalsD sk b ghsadarate by
m&f&stﬂg Ad QAbdlsify th&RHDERMits PMRLA in BERGL JaME bl Oftling aﬁcﬁﬂz@mg

[003 | h] In accordance with an ei ghth ‘aspect of
theypuaetaring ritefe problsmatictpveqtusing patemovi ded a connunlcatlons
temfar [ Lons._i.n .of .
0B35E s e seiob B b SRR POEp MR ko Prpigea
cogygnisatiosopen &irifgntifyiag degmeariond in the haidintdf bytictugedarror correction

WhIC ma a particul ar.

coH éﬁg sﬂ)’qs Ra%g-tg?gffs FFS%P p?l%??gfgﬁ \Jlﬁqnﬁ 6 s%cosg BIQ4P © ity 2

: (Pé)’hl’tSﬁh@SMSEni cdmgrigion (a) areans for aldgpdaneed itd o tie st group of

[¢ of. the punct att and the rticul ar

I ER) e by o et P By e pepp R PR B
mdzing for piasiag me@dnamufgeaeeatmevta 40 IPR bits i akvoid ipkedidifkatic and

. puglﬁrﬁri]i&f%tt ! Eglhem{%ﬁgunrteagg mcluzhgg O(I) mae rfgtb aldceimn%taln%mber of non-

. punctured P1 bits to the first group; and (ii) means for decreasing the number of non-punctured

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

-7b -




[0031li] In accordance with a ninth aspect of the
present invention, there is provided a comunications
system for identifying degradations in the quality of
punctured error correction coded transm ssions having
a first group of parity 1 (P1) bits and a second group
of parity 2 (P2) bits, the system conprising: (a)
nmeans for addi ng punctured bits to the first group of
its; f ' nct ur its. from
4 oo onPhr SRR A SR e RUBRHER R i o
chinEyhigajiophey stom denreduicing degmdations fn duiakity Bf puanaidreR 2rrl dogredtal

AYQk s ' Y t4 erns. .t he biasin
P 2o PHBSIME ) R Ol e W
vhigh@peroxichap a partisulargoddatef ind<b) eansifor adjusting thé Paramsansof the
. ' nunber .of . non- punct ur e P2 hits in
PRI SERLARING, GRSk l nR pBIT K Rl B s |
phiticslancidie datt by titvesafing st deprensipg thamum®& DT piks dunctured in respective
: | a tenth aspect of the present
p?ﬁ%g% |gﬁgﬂﬁhé§gn§§m ?%Wﬁﬁgﬁﬁ % omuni cati ons system
for reducing degradations in quality of punctured

' or correct 1. Ssi.on he system
Kﬁ%Lprising: (@@Eﬁﬁggﬁm%%ﬁgégtﬁéPgﬁﬁﬁﬁé% punct uring
[0pE] t er N AbreGiBtaiftd Pridensthidif; 6ShednvRmtioh mGe@hd R HIRHAL

andﬂ&%% neans for adjusting the paraneters of the

despiptintye aresiezped erahprient; tebrupderstogd B gRpRCtSn ni sat ch i n t he
puncturing pattern and the particular code rate by
i ncreasi ng and decreasing the nunber of bits punctured
in respective parity bit streans, and biasing the
particul ar code rate. [0032] BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0033] A nore detail ed understandi ng of the
invention may be had fromthe follow ng description
of a preferred enbodi nent, to be understood in
conjunction -7c WD 2004/ 062113 PCT1US20031038223 w th
t he acconpanyi ng drawi ng wherein: [0034] Figure 1 is a
schemati c di agram of a typical CDVA systemin
accordance with current 3GPP specifications; [0035]
Figure 2 is a processing diagramof TrCH data for a
CCTrCH in accordance with 3GPP TDD specifications;
[0036] Figures 3 and 4 are diagranms of channel coding
and multiplexing exanples in accordance with 3GPP TDD
speci fications; [0037] Figures 5A, 5B and 6 are
di agranms of channel coding and nultiplexing exanples
i n accordance with 3GPP FDD specifications;
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[0038] Figure 7 shows typical results of particular
codes being created by puncturing, where as nuch as 4
dB | oss can be measured in critical SNR value; [0039]

woO foiogogz€138 graphically depicts the SNR requir
successfully decode a data block (critical 2\?\?3(%38223
hi gh probability vs. Code Rate when PlIP2 biasing is

witlpied badmphO9HR drawiny @h8rdia: a pl ot of the problenmatic
tﬁgi ons_ W th respect to an, ordered pair (rl,r2) which

[003gle ¢ heFiemred Wt a sohematic shagnam 98 e gm@ﬂ rGRMEA ispstelre in

' . :raf.e mat chi ng,
accélgé%%ec‘?#gecﬁy; i gﬁiﬁ&%&é{&%g@% is a schematic bl ock
[0036] agr anFighoe\2nig aangbéssing gjfa%a%s%ﬂ‘ﬂﬁﬁgaf%%ir% caoxr0s in

- DPA, I 0 codec - ;o an 4 Fi gure
acw??aﬁ?ea‘ﬁﬁﬁgzﬁ?e'r iiﬁmc PHPPFal Block Error Rate (BLER)
fooderr  HIPPekdd & hANY i ] | Y
codi ng rlat es. ?%4:%&% tlshE Al LES’%&%@:&%‘P#’%@ﬁ& %Eﬁhi%%g
exappiasERREPTENREDY VENGR) TDIDepetjfidatioascor dance with t he
esentpi Ntxi, O several _nmethods an enbodi nent s
IOOﬂgipe di o os%d%%:h%e%é%tﬁﬁﬁﬁ? é\?ﬁ%g&ame coding and
multipiexing exxanples in pEcobd £108 twrith BGFH DD hepifich ﬁbﬂ% in the

rity hit streams w thout having to avoid code
m‘”%it es. 1?58’295']’ shoygs Lindend esultpaf martanlas codesdeingeregted by

D el "o ¢ PR e bl rfbae i in gl T
1003%des dfigerefhgmpbialy demictshe SNR reyhired tmsiesessfully decode
o G 5R R 5308, 8 g2 BB oy s e Bups
biasBglistapptiad] y, net hods are described hereinafter for

di fying the puncturing patterns such that
“’Mggr f or FaBREe s acjphgbtherprailemstie regions srith adspechtd ain

WM ' [ .th t hod
ik S 3t U S G s e
firsttandreenond steges efratmirtat(iiiRespaudively:a base stati on.

rei ngf.ter, WI i ncl udes but is _not. limted to
004" ©, P 1 s nsheimnfs BireE dsinm diosing erpisur (i pOPP
ratepagiehing@br HISDTA Refing ¥ Teirbé coldl HS-IIROBPLALE
[10042] Figure 11 graphically depicts initial Block Error Rate (BLER) for
HS-DSCH transport blocks with certain effective coding rates.

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

[0045} The present invention is potentially applicable to layers 1 and 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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a, | ,a,se si. a.tl on .includes but
Tini ted to a "hESE FS o INGdE LB 4 te' control | er,
access point or other |nterfaC| ng deice in a wreless

Admnwmmthoqsmén]esﬁimr Eer&lﬁmp mﬁﬁb&.‘gyﬂ BRhE phnthifing

a NR re ﬂed succes decode a bl ock

pafthfe g hperfoppihions a%qsiamnotoydw@a@r@ede Rat ¢

[004BEN bi aﬁlaeamd@ﬁcep@fthtmebﬁrb&rﬁh?o n gge%ﬂoqgﬁs lgsed
u

shown i.n Fi r it has been | cu

hergipmaybe é@?&&l%‘}%mwwehﬁg tltahemuiﬁeeelié ﬁnR@FI‘RI[EI)”diﬂ/or a
0, ected ce

bade iR M telna RO s STROSAGHBERRER BF Wbl & il Spi5

Statlsnaﬁwdw mfbﬂe'sebamrﬂhf anit| Pﬁgei',ﬁﬂ'aﬁﬁ*%th@rﬂ:fpefcﬂaeﬁ@é calpible

? redY"ﬁ'i %qe Maretherates of

% g THE'SS Pﬂfog ¢p refarred tp hereafters achane

statabﬂgﬁdudés bat B Het Biived, tora%a@ecgﬂaﬁ%h{ ofs- ﬁ%ﬁeb@nﬁ%ﬁﬂr
there are partlcul ar regions where rates ’

ACCRRFRARS T pyhe Inferfacing deige in a avireess reavxmnment hat some
nmb bl
OO o] - E0e BlaphRialy dBhdhe SNGteAlinia St STy Socage
a dajptblocaicrifienl SNR)svith higheprebakility versanCodd RaR Wl@é:ﬁmasmg
1 h b
o PG A YR B R BpSGLSRTh % b o
par&lﬁﬂﬁl‘!\ codesi amltad b’j}thﬁ:tﬁﬂﬁg dhé&iPa{eSOB 3G Tokb & Udcfer éﬁdﬁﬁg
00 nQberrent SB%’O" @GP rat e- nat ch| ng schene for
poorgr rirmange, af 9 bessepn from the ma\keun thtsﬂsuraa
[0048] " St rRfpRrd®is R | o1t of e g%‘iemaué' &%b'ﬁé ‘41{11“ ”ﬁ&t% an

redundancy (I R) buffer seco rate
ordegeq gélrdzbr%)mhah Bre tlmaratu:wf ipmetiring e @2y siﬁh&ni‘shﬁ%he

| ud Pari t bi t
frst 2icEseolil LR bR R s AFRpeoRip T, 45550 Bogod, Merauee

partnmlghreggmslwhnre théBdtes NPuRRGERE of EHeSpatR g%nt‘igﬁgmﬁ:rﬁgtﬁch
| | ul

tic.bit rat t
thatésfale é?‘i' i af?étff’%ggpgg%l Tl)r‘rgt‘tgﬂ?rgggel rcuit 645
[004Bpr thﬁlnﬁﬁé%ﬁﬂmﬂﬁhﬁnﬁ? 88 6H?or | o?zﬁhﬁy bits (Ptizaln&%ﬁ is

rate matching circui
implementied, catechdor ope 6%?@9'&!&*«9 rmatd'lmﬁysﬁhgmmtlﬂc is agschematlc block

| dlagF#EEé:hobvn‘?q gégl.?t%l\/%d d3(tr_§j§}'-‘l We Ela(tg?}lgkﬁ))(‘ i-{SJ?FéA using a

urhﬂ'@d@diﬁ}Dﬁm‘bu@‘he tehreudftry 600 i@pRments a 3GPP rate-matching
scheme for HSDPA. The circuitry 600 includes a bit separation circuit 605, a

{i ng in a wreless environment. Wien referrghesenni
"fi éfl?}ﬁ: % i s not .-WQMUD

first rate matching stage 610, a virtual incremental redundancy (IR) buffer 615, a
second rate matching stage 620 and a bit collection circuit 625. The first rate
matching stage 610 includes a Parity 1 (P1) bit rate matching circuit 630 and
Parity 2 (P2) bit rate matching circuit 635. The second rate matching stage 620
includes a systematic bit rate matching circuit 640, a Parity 1 (P1) bit rate
matching circuit 645 for the second rate matching and a Parity 2 (P2) bit rate
matching circuit 650 for the second rate matching. In operation, the systematic
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.o 1_2% stage 610, virtual IR buffer 615, second rxaiggr .

‘ g TR ":',gi".,%i st age 620, and... bj t collection circuit 6256 S

. Nof et Bt 'ﬂt“hé“ PATFty 1FPF)~dnd Badity 2 (P2) bits are E 0
: .treated separately. The systematic bits, Parity 1(Pl)

bitg,nBanbyr 1 (P1agd Ririty 2PAY bits aoebirsessed! thidighbite first rate
oS5 bl PR R St deod e e
contisihed af MELRRbI0H cﬁrcﬁit%%gﬁgysﬂe gl %Lgég%dﬁg¥ 0{1%9311: Ndata.

actual inplenmentation, 1t I's I'Cl pa
Alsginptethatif theinugalier of covted hitssis eds/thie oe s@edltte thdyizaof the

iR o iet 2OF ~Cl,rCcuits uch as 1 Gr opr ocessor
VIS ¢ umtﬁe?%étr? Y ﬂilenﬁﬁsc?cr&lf%l Mﬁ%gt Hags 83@ dhiransparent. The
trahsysirenicfirso stnge e arnPRe)-4 rfteGhateHidg drdRehdi@aRaused to

Lapl enent .t he invention wuld therefore be a matter
(00501 o7 I, its ackual Smmlesnentgiionn s istantispaied that tict different

circuitefurtiond BN b Bxectbéd Byt 4 YeoRAon [:Q-Qé%]ofr-r{iﬁce i8¢ Such as

. matching al gorithm perforns puncturing i overafl
TRICEQRYECespRR @rquitryy ard dn achendanfe wakhd pragpami instractiéng. h&he

: | S 3. rrently cod ate
oy spoaRESRA RuldionSed WPthpteniont U EVeption RO RrREre b
‘matbemof dhdicegof thate confipting Phe 2iiduitsy Wifhin the ratd HalcKing
circHiItg} 8 t wwth different puncturing pattern phases. In
or e(li (llf'o avoi d non-puncturing periodicities that have

[005Ken  STieats RatBoislBortiften M&}%scmd‘ﬁ-ﬁ%ggﬂﬁgﬁau doldg

teﬁuncturin rates for Pl and P2 be Indep
rateds greater thap 18andrepetifipnifhecodireate iflesy thontls3. i Gurrently

f P2.bits is i d
ol gt i, L NORET o 5 48 o RS

ratep%olmtbrﬁl and R@rbiaitto twithingompebitptiat oath difeserti plafturing
0 avoi di ng the, probl emati c code

' t hi,s appr.0ach, . R OR
pattelef Bllasc 13 R @351 Sorf biugiohecperiobieaie et dave been
shovwm &s dedrade HeeTulocbd€ Perfb R Rede, ﬁlesﬁxiﬁb't&—iﬁ@ thieh kdrp£Rld
P2 nEtE%??ﬁlgf rfogjf%/FLn]tg the puncture patterns'is ~Diasing
beifa grtlypiaser, cFor exgmple Jf the mumberiofiPA hiys isdecregsed
by Addid tieha Mg 3 epoyVi it _f.romt he
Yy e SLmbBEBE P bR IS SRRy S HVRY pVital ot WG &
unchanged bué thd problemhaticeom-punctaegQlirods c8S be hRoiabAS Gifen
this Lhe Flgctur.n rates of Pl and P2 bits, two ]
is approa Vg1 theprohlematicigd apatesymapnglytics] expression for

the requisite bias, has been derived.

[0052] A simple and efficient method of modifying the puncture patterns is
biasing the number of punctured bits in P1 and P2 by adding additional
puncturing to one and removing it from the other. The amount of the bias should
be no more than is needed to avoid certain periodicities. In biasing the

puncturing rates of P1 and P2 bits, two constraints must be met.
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WD 2004/ 062113 PCT/ US2003/ 038223 [0053] Wen
non-puncturing patterns with period 719/2 (1V =
1,2,3...) are used, degradation in perfornmance

wob88ddlok33 These non-puncturing patterns wl | E
enpl oyed whenever the average non-puncturing §T4U86“°Eff'38223
Pl or P2 bits is wthin 1 or '/s of7R/2for even

@oskiodd A SR&EDI é@%& T o—
[non-]punctmeﬁlg ranH%ﬁFﬁ 1 ang)@ te ?rva{zcﬁNng 1,23.)

ate wrek sdégzadatioR/ i perfoem@ante tesulthe ’Iheuﬁit&fn—pindﬂnﬁﬁg phttérine will
| nput, to, each branch of rate matching and P.is the
SEploygeh n%‘fefﬁﬁﬁat‘ﬁ?ﬁtﬂq gog-pungturingperiod ofB1gr B2 ibits is

vafhftri? a%%ﬂ?&?@?éf@ Sa L Sedeskigd code rate
P 22 eSS0 o B e

blodltsdis I/ﬁP/Zi whenal isttlie DivimlSdrof Bits at thefgulto Edch &%cﬁ%f rate
t cons al 'E]EWS rruaft be nmet. [0056] First, the nunbe

mgs tofa] pupher of parity bits @2hend RPatibe output of

n

i gmﬁ?. b LA i A 000

pugictunipg/pattere i6i ts in parity bit stream 2 nust be
al armyni a that is also sufficient

decreased by ,an equ
to avoi d proll dmat i7&V uret N hg patterns. [00571
These two -con@/eai ng canzb mbined in to the

followi ng expression for A ere: -11 WD 2004/062113

PCT/ US2003/ 038223 [0058] A= max | -P P- | 17R-1 J 2'
2 [7 2+1+11 LL Equation 3 [0059] Alternatively, Equation 1
non- punctured bits may be increased in P2 and

for N>0 where,
e li‘;l
7P 2]

[0055] In biasing the puncturing rates of the parity bit streams 1 and 2, P1

Equation 2

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 afroid 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 consi;raints can be combined in to the following

expression for A, where:

-11-
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decreased in Pl. The procedure to determ ne and apply
the necessary P1/P2 bias is as follows: Step 1)
Compute N using Equation 2. Step 2) Determine if the
wO 8@slocAags code rate results in a problematic Wﬁéi&ﬁi}&gzza
pattern using Equation 1. If it does, continue to
Step 3, otherwise set A= 0 (if | 211V+N) ((P12) 1
2 [2J Step 3) Conpute the biay] A usi ng Equation 3.
Step 4) Coppute rate matching paranmeters by nodifying
[0058bl e i m T i order to avoid
punct uri ng| paltfris that je”%ldi Tur bo code

Y7208 = aaw <~ ana v 2

perf or mance, {lhezanpunt of pain ring applied to

parity bit streans 1 and respectively could be

sI ightly different, while keeping the overal|l npgigfion3

punctured bits constant. f00611 If the nunber of
mﬂéﬁhct ur édtesnelively, panipopeisired it mayl be Snereesesain P2 byd
0 HhShe [

decﬁei&ggtn?ggm ga?écédeéJ‘t%ld%” ease E)%E)gjyetﬂﬁgle%e\%gé "1 co%lés
is asdbldows unchanged, but the problematic puncturing

patterns can_be avoi ded. Note that bit collection and

bi t de- col | eetapoh Compiged’ wine Bgnabiondj ust ed

correspondingly for this case. Since individual

regi ons of Siegr addkiomiher ifaheedésird tmlebeate nmbshltsiin a

may be advantageous to sinply avoid the use of code

rates Wpkéble@gtia dathcheih® rpmnRes. nShpCRyeain nat es itvdbds,

-12 WO 2004/ 062113 PCT/ US2003/ 03822 degr aded

per f or mance can now be identified usjn bov

equat i opentifiud s Sdep 3iothreriseet 8= (f hﬁ%ﬂ é&

For Hybrid Automatic Repeat reQuest

depl oyedin 3GPP, it may be necessary to enploy two

fﬁ??gﬁe(ﬁi aIr a?edung’g%&ﬂ]ﬂ? tggb%oé%ﬁ%mg%bﬁaﬁ%he nunber
o DL oyt et GRS BB Spoiing

Chase c&n‘& ning HARQ i s used, there is no need for a

speci al ®ouffer; a
in TS525.212/222.
[0060] In order to avoid puncturing patterns that degrade Turbo code

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

{0061] If the number of punctured bits in parity bit stream 1 is decreased
by A and accordingly, the number punctured bits in parity bit stream 2 bits is
increased by A, the overall code rate is unchanged, but the problematic
puncturing patterns can be avoided. Note that bit collection and bit de-collection
stages need to be adjusted correspondingly for this case. Since individual regions
of degradéd 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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received bit buffer would be sufficient. (If
constellation rearrangenent were not used, a buffer
of received synbols would be sufficient.) If it is

wokebgssaimed that IR provides only a small i
over Chase conbining, then renoval of IR frg?né?lﬁgﬁ%mns

standards nmay be advisable. h [0063] In order to
deghadddnpéroghancel ahn nott bs idenbidied RMgheR AlfveQaaedn] iteis a

ption wherein |ink adaptation is performed.
‘E’@E‘E’G‘ﬂgtﬁft%?v‘{lﬂéh?‘}lnk adaptation is Adaptive
ul ati Hﬁ% Lk @4{5}9 %Esﬁ‘%ﬁm
{Ogg%il ity 1g(;s}tl mat(gﬂ?s usté 0 se @D%}feg’po %Jed ?/%}(;P
it ey Wssmtelhaﬂc})atwtmmges dfratemartgling, ﬂd‘himghﬂuiheé}ever
ne t QAM t| Qn an
ingt et Aorofa iy GHE s buloped) aliiehniiher o5 Bise Sapet fo the

rabbiraitetity BioPRGL 8 ThRer thad the vikial anmesodﬁotefwa't Réhen
the design of the channel quality indication (CQ

Chasg| @mbmmgvﬁéﬂ&as?ene@h fbh@t iscee makd far armpecial IR T; &

1 than _expecte
roRbed i Bt WA b RaR, (PO Bl e e mpre mot
usqd,ai buffer ofmiceivad eynbbls vﬁnﬂ@h@ﬂ{ﬂﬁ&@ﬂﬂ) Dﬁﬁ%ﬂddﬁ:éﬁﬁin@@ that IR

an expecte

Eﬁs Thi s ]gbl em of poorer
prg pll Togrovemen) oxeE Chasewmynngbhen romatpl of IR
frdﬁ&@ﬁ@ét%ﬁdafdfg egepﬂsg?go avoi d the TBSSs that cause >

roblems. In AMC, this [eads to less Ca than optinal
{0963 ou g h ﬂmordemtmbtpm higher data m&tse ﬁla/\ﬁ(l}PPlhw\mtmﬂhgettﬁle

064 f | t b
P OB Rrdh RN Rl e eatr e 0y is s psmioat o pe ik
adaAplationrid Wdaptios Mothflatios a6 T @MU) "'ﬁhﬁE@MG aﬂ ch&nnel

accor di to channel co Itions. Variab
oy Syt g i tnselect TR At Eedns, o gt Hae At atiaiss
thé‘Pat.rgEHt@Er Ep&é 'Wh@ﬂt}?& cHAWREL dalij]lgis 18?1‘. Moh&&tﬁﬁ%nd

Tur bo-codef 1n a pre-determn
a High G@d&}ﬁt@#rew dimo&atﬂtes arenpbEined by Iﬂmy:stmfaig arate

O T AT
it was ebsendadithag cérbainlPrasapsrt TBléckt&it ISt (TBSS) Yehibited poorer
2004/ 062113 PCT/ USZO’H’H?‘/ 038223 and R5, the |ikely and
tham, P%P‘fc?"‘éqﬂ‘é frrmanee of ﬂérta’élﬁfléélﬁﬁdféo sRea chergel quality
esiﬁ:h&‘:eo—?nto fahx%corﬁﬁﬁn%d 'ﬂﬂ&dlﬂfl b t os Slh%t ﬁdﬂ?éng RieDGorer

he standard allow n
thammn@dmarfoﬁadm nu;mept}fz)addmeﬁéedrbgmﬁnplyé'haﬁehﬁualangf the

DR rrmance require
cqiiapiepadbid Meclapes Rnsh nrb g R ANachis Rt terees
thaeoHtRhARMEEudGaRt atalel (PHnd1¥ode rates will inevitably be avoided.
{0064} Support for link adaptation by means of AMC is an integral feature
of R5 HSDPA, With AMC, modulation type and code rate on HS-DSCH can be
varied according to channel conditions. Variable coding rates on HS-DSCH are

P
w0,

achieved by means of rate matching (repetition or puncturing) output of the R99
Turbo-coderin a pre-determined manner, i.e. asa function of TBSS and available
number of Physical Channel bits. Both R99/R4 and R5 use the same code rate
1/3 Turbo-coder. While the principle of rate-matching is the same for both R4
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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

wWOoo4ds239CH i s heavily inpacted by unf avoraﬁk’%g{ﬂsﬁwmmn

puncturing patterns of the parity bit strea
by the baseline rate 1/3 Turbo-coder. Although the

QR5gHIRALL AR S Bk Aol @ht" ' '
anTDggcont ext, IJLexact I 11t he g%@ggfgﬁzﬁt%@éﬂgﬁggé %C%J)f the

us¢ §f poptiplé stages 26 aate shatghinga tanfiuthsosteadand) allodring for. the

g S S e S L
[00651 gi natE§DRAe petiforman¥a Cidgniteftersant WG4 OhakotiBdicated
nodes. 067] The poore ected perfaqrmance at

. % n _ex
UnUSHE Yot £ é’éﬁ?eg_lg}%élﬁ EH*S? @ﬁmevﬁmaw Aggxpdations for
TupRF Rl QR p%%&gg hhg%ls@%k% yégfsé%%% uB 65V SRE fora

code rate that poor
rafygerdf offechicecadling tedecablerevil/2] be conpensated for by

r cqutrel ,thus reduci ng cell Q068] In
0RRPEY o Whnhrbhniioe 26y aonnet @ B BRCH K hetghonmactha by
unfaveribls bigetatingWattehes dHb UAOEER StredRRl0uObut byThd Baseline

d (MAC hs) tao sinpl sel ect any desired transport

i‘atgrﬁg kI@bpecoder. o Albhp opriginal AWt serulasionsresnlts | were
- - N t .
prmﬁdqn*&eﬂﬁﬁ%h{e%ﬂ xBcily t@?ﬁg&@g@@%&ﬁg&&%ﬁ 900he

puncturing patterns in g stages
regson 62§ thaLT a8 -collibrg andrgik-enatohing (MBS PAAtENdIrS25.222) on

HSTSGH 63500 ek fehere Bearablensing ietcfons puginate) aro

dordl &GES itRE sBhe WY hPBotiD™bidcat i on is desirable.
0069] FEor both the case of |st rate-matching stage

[00B& ng t FRenearethan gapectebperfamariceidtshmeslata mateg dglalso a

- ' . ' nunber . of.
prob¥ef Wil £ i8R BhARBARTIAIR e, fr WIS oflignad a code
et b ket bt 1

it cturing. - )
confwgﬁéﬁéﬂ’ég%f’g‘f’ﬁ’é%@t\é@t i nglcuégff] CAPFHFI e bi asi ng
[0068]t hod, Th SaRsthkl N&dbhodiglRW 'af&gﬁ%tﬁadn@é efoe%eoﬁ)?.ﬁtt% stream

provi ding a conceptual exanp or the case 0 e 1s

pugchuringaliews Hee Mediyan Betasg Contned paFigh Spepd MAL-hs) to simply
. i >11 ccempl i shed by . .

s SHERF g SR DR S RREPIR L8Rt

wolddtbegequiaebtolslightly 2hatgd the sentputiondfthie plageturing 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] For both the case of 15t rate-matching stage being transparent and
the case of both 1%t and 2° 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.




Tur bo-coder (Figure 10), although the puncturing
pattern "phases” can be adjusted. [0072] Wen a
particular code rate is desired and it is determ ned
woO bdvabediis use will result in degraded perforls@ﬂggmogmsszn
slightly lower code rate may be selected to avoid the
degradation. Good choice for the substituted code rate
{00ROL| d b©deher thakg estutiahk,om@bh aiplichbinging inetfod, habutlngd
desired .code rate t| has %en determ ned to have_an
belgwdnibs dptered pf auaricig aconeentunk example forthe easecoffthe 1%

rat@-eMehRy lﬁ% a#] sytheke unrestricted use of
avallable de tes, en performance may be restored

[006%] nodi ﬂmmntbn caing btes pl/Scirenecqnaglished by applykeytHemame

amp Rt by fEne BB ey LS a7 pat Mot pEthe

Tuﬂib%otlé’r t.gxéua@qrmt) WithBugt 8B8 SsinctRrihy patyerhePHasesDbds be

. fy the puncturing patterntomprove
adﬂith‘"a‘i“lflormamce One way to acconplish this is to sanple

[ooy3F par W]%Fnbé f)?rgfcﬁﬂl‘ (,IOHQS'?.te% heélp&i %?d 13:%% ?lleternnned thatits

correspon one conpl ete
uses el -rpaaﬂt dnal |degrerdladl performesien Stes]Q]ﬂljS bdwﬁrecbdm tdteasay be

sclesfih i BV 8 HOFAURHGI y CHPA PP LhR SUbHGHe S Fate

wotildheRHB Hz‘éééﬂﬂlo%ﬁ%[e ch'a% ‘EES%QS @;tae@éhe%sﬁé&@ader}qtgwt'ﬁas .
| arge inbal ances in the n surviving parit o
beep; ingd tahavean amtml}leﬂegsad@tﬂou al so be not ed that -

ton > T AR e 878 SRl e

of dvhﬂaﬂ@l@&de ﬁtésb mhémﬂﬁ'ftﬁl@@&beaﬂ@ﬁbe retsed'mde;y rhedificiién bfthe

rea robl emati.c ncturi ng pattern occu
Purtc% 'B’é“al eé{tt%aesﬁ?ﬂ%@}’%éi g? gade

is t@favgiﬁcﬂﬁe Qhsd BRetd iy étﬁ"&’i\lrmg ?a'rft}f b?t%sraﬁ@ ey rle&undant with

mai-ntai ni ng a constant ove ective coding rate
reSP@tbi@]th‘P ﬁytﬂam%@siets;ﬂ esi mgillify $he poncifuring pathetrcto i ngprove

oeBaE o S RO RO P 5o

all MO 4/ cOfi@ddihdReE ﬁdﬁ%ﬁi}ﬂ@&%ﬁﬁmdﬂﬂ thelserainperidtic impulse

unctured t smtte sequence occur in regl ons ., Where
respqpse axe ﬁétﬂdj’ﬁ‘ta‘ﬂ@“%’atﬁt %W@a’élplﬁsn%wsﬁl @ Whily magptaining the
‘san§ék!o‘db Yhidartt ﬁotpﬁ}'e'r&ddlgﬂ#ﬁhg th® wRifoPiitlyiop %Bﬁnzmrmgimr

when an average 1 out every 3.5 pafity
the data plosk or creatmg overly large imbalances in the number of surviving

parity bits in P1 and P2. ‘hj
[0074] It should also be noted that this method of mitigation could also-be
- applied to systems with more than 2 parity streams. For example, the 3GPP
Turbo code (CDMA 2000) includes four parity streams. If a problematic
‘puncturing pattern occurs it-can be alleviated by adjusting the puncturing rates

of each of the individual parity streams while maintaining a constant overall
effective coding rate.

[0075} In the case of single stage of rate matching, as used in R99/R4 and
in many R5 configurations, the problematic interactions between the Turbo-coded
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[0076] These degradations correspond to rank-1 and
rank-2 scenario respectively. This case corresponds
to the rank-i scenario. Rank-2 scenarios have |ess
woi20as119n t he SNR degradation than rank-1 sc '
Since higher rank scenarios (>2) do not Ssi ggﬁfﬁfg‘g@?ﬁ/mx*
contribute to performance degradation, ranks. other
outpretrandtike puntttirédBlandnGoRl Ak @enal R i@t inCARSI e HRbre the
here, [0077] The code rates at the center of these
pupg Pafterngcate, ngarlt pexiodic (vibly sprrng hit pegioghequal to a
maitiphe of 7, ahd viibm ' T8
crllpﬁ%al code raﬁ%v%égggoﬁgg%%%ﬁgég%gﬁi? ve.
(0@ nar i dl'hwise nddgradatiense nomaghondnio- Panib@namd iranBd scdmirio

rodgpnely. HigiR4E spriesprits 190 Ak ceenaripy Rarik-2 scbmarios
hadd 1625 impact MNE%M&%MhaHM%Ba@B%S Since higher

;gStema'tl ¢c bits and the nunber of parity b
ragk seemarion £+ opiot signifieantly emtdbuteriolperfoomendedegtadstion,

" ' 1 r{n " VWhen surviving,Di atterns
ran oY URSEEL 10 bk oot b baptieteg Hedey 5" (R
[007K) 2, 3. .The cede ratesdit tHe get@abf thesé fegh@iis Ao db&Enined by:

results. Sonme anmount_of Turbo-codi ng and puncturing
{o(jmggeract@ngMJ_L_aJ_sfr_sﬂccur amhgnever the average

periodicity;Qf $urv3agNag bits of the parity bit

streans 1 or 358 within + 1 or 41h of 7N 2 for even

and odd N respectively. [0081] Wien two (or nore)

stages of rate matching are enpl oyed, probl emelfiqeation 4
[oaTonct Ul I critieal dodlofate: R, BEORRANS AL FRerSR4Phen ¥

. or by the interaction between'the stages of rate
is evgn@midrgnki2ooBen Niisaidds dtbrranknl ewp hess cxitical)codasates @R =
d for £he Release 5 GP u coder / Rate
7’9dn/g)té§??%§"r ARe fIB]F Eﬂﬁ%%’sw? %@V%gﬁ%?ﬂénéwéegr adat i on.
[00BOE expriteshtl of eafuriber oTR{Htehtib Bits hii& the hth®er bfidriy
., Before 1st stage of rate Matching, Max Bits after 'Ist
bitgin gither pariiybit Stxearn i oxr2 cancbepansidered bs fpgTibr PeRRburing

ro) Wb g 45 T b R A BB bl o
TNPCTN 5820)83)) 688@24, dégradatift inlfienyrmbhde resslbe Som®amount of

Hjarit bi t(f')' The, out put, as depicted in Equation 5
Turbo-coding and puncturing interaction will also occur whenever the average

periodicity of surviving bits of the parity bit streams 1 or 2 is within 1 or +34 of
~ IN/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.- '

00821 A closed form expression(s) has been developed for the Release 5
3GPP Turbo coder/ Rate Matching that predicts the performance degradation.
The expression takes as input either the triplet {Bits Before 15* stage of rate
Matching, Max Bits after 1st Rate Matching, Bits after 27 Rate matching} or the
pair (Rate of 15t stage Rate Maiching with respect to parity bits, Rate of 224 stage
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bel ow, is a rational nunber that nmay be conpared to a

threshold to accept/reject the configuration as

provi di ng/ not providing acceptabl e performance. The
wasRker s rl and r2 represent the rates ass

with the 1st and 2nd stages of rate matchi ngfﬂ'ﬁl{]%%smsszzs

respect to the parity bit streans. Although
Rawmhtdh@ﬁgaﬁlthﬁﬁﬁaecgﬂﬂﬁid i) I@h@o@paﬁ%égctédaﬁ Rqudfith 5

contlnuous function in r2 and i s there

belpwyisAl ragionalaimberthat mam bercpynpaced tala threshold to accept/reject

o] RGnatoh, 4 RyigRimal bR ke e 1 Ohe

parabdeters;r] a(nld{rrz |rélbn&3e’2:iﬂ thé rates adédcYatE&tvﬁlﬂﬂ:Ihe I¢rafnid; 204 stages of
JLrt r2|J+ | Lnr.2ii-[~LrlLnr2.]

r5ts matf] ib(r‘-‘rSPE@ztE %#qmlmlésﬁqew Althqwi@ pepplicated, the
Eﬁ@&%’ﬂ 5 ﬁ. 4 PleGshed fn doﬁ uﬁ%l%‘h&c\%ﬂ?ﬁ:e erﬁ’&ﬁc% ttg&efore

his equation to test er Code
trpaa}twwlaluqterfor m adequat eI y. Equivalently, the
trip a Bl ock Size, Size After 1lst Stage

A s e {iar Al

Code Rat palr [O 841 The effect of the periodicity

L ﬁt@%mj O3

occurs. this afteg de-interleaving, periodic
sanpl i n@; gf A v Ol evan
e ot AP Y
functionality of the channgl interl eaver can be

i ncor por at |1 [

ool 9 O TR g )]
addi tional constraints to he rate mat chi ng bl ock

Interl eaver (those defined by the channel

interleaver) when the interleaver is designed. ﬂ%ﬁoﬂ

however w |l require an additional interleaver for
[008H syst Arthireskolsi comparisn wyl;i@qu b@bas_ea on this equation to test

o SPAREEE o ROA b aE EABRIGTED,
| trlpim @Bamﬁhk:k Size} SizePefter et Stﬁgé Ratesmcmﬂg,l Sigh ﬁftemlagge

Ry PREIeBhedsan s et bR e mbyatey info the Cods Rate

pair.

[0084] The effect of the periodicity of the puncturing pattern can also be -

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

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

require an additional interleaver for the systematic bits.
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R

interl eavers can be added to the parity bit steans to
prevent problematic puncturing patterns. This has the
advant age of requiring | ess memory and helps to

-wo Jobi/gg:¢8 the distortion of the uniformty of f
puncturing. [00871 Certain paraneters my be%@o?%%sns

vary as a function of tinme (or bit |ndex) to generate

OB N0 0 085 it 6 G G o

occmom &l n"mge equabto tltaa)erralde}f thesahi-perighc anphlge seskonse of the
ar anet sthrouhut the |
recG5sith 4G IoHS B AbE e RReger: Toprgreygiall tiae-varying

int i8R 858 1 heddd vg thB Sparity it Wibfds Rat ]%féﬁfg?ﬁgﬁobl?matlc

change at one or nore locations wthint
pungiying paftespsp This hasihe adyantdgenl reguiting leas srestoey and belps

a be di fferent
to 00RO R ot R YRR 00 i g
{008He puGettain pgranndteraibiyde)madd tcﬁva&iyldda filictibalontingk: (or
code. rate, For . exa e _plus

me over al |
bit awge!@ | BERETAY, PEREREINg petiem fhak nlgugmﬁﬁte tm'formance
degPéHbedﬁ%' NOn@ e bl s Mﬁﬁdiedéé&ng@ﬁﬁaﬁéﬁl ?ll;ﬁe rate-

'ong runs of deleterfous puncturing ar ane
maiwhylgxwahmﬁge &Kise ink) ot idves awbe plas patasathenidecuginut the

at her ,i.n_s ortions of the code_bl ock
exoldiibn bt 1be rabeRbRforie: O 4R e Bis betadhoions gPEose the
nemﬂmg p@tt@ffn wing chaged aﬂlﬁfe drendréQodiidak Withifl thOBldeRbPbits
used to generate specific code rates. Al such nethods
t'é‘iﬂ%s iRyallowing per-panameiersdo shapgey g instantaneous code

ratés'ﬁikﬁggraﬁﬂérb ﬁ’uﬁfe tﬁéq&sm'&eovgﬁﬂ?{:ﬁe bl gt%@f'eb fahv% dimg the

pernutation o puncturing pattern.
punchaing mjetactopumbile Btlﬂgnamammwtha sagne omaﬁ n:ade 1ede. For

exaffl PFETBhEC AR o bR e g Agee HRBeaty Paonshfin tae
punefurtng aRerithA0HAL KRakipug %ﬁg PiRsibE1oRB SR b Aeddtatibus

code rate whil e avoi di ng 'emati c puncturin

PungRiriag nd) RAFRERSHRSERAY be Roaband,fntheb Upuerdeuriig changed so

d
O TR B S T g 1
[008&ht chi rBhedlmye mdthndsamh&xlampaest ofﬁn@ixﬁtaltwus daltln monctinéng
patihf FagH ool it D% SRR AN ouch By Gnsy Bheppitered
spedPAlT é@é&%&@%&aﬁﬁzﬁaplbﬁ@nt@ﬁo& 6![D£Bef trfoRé ig@Rerta® cbhbept of a

i ndi.vidual puncturing rates of each of the stages

 peruptation i the pupatnpagratisyer Apy methed efqhaggpmfﬂaémnctumg
| pattefis Ylel, fenerating some permutation of the original puncturing pattern, has

the potential of changing the overall performance of a code.

[0089] One can achieve the desired overall code rate while avoiding
problematic puncturing patterns by adjusting the amount of punéturing
performed in each stage. This method, when placed in the context of the 3GPP
HSDPA Turbo Code / Rate Matching algorithm leads to artificially reducing the
size of the virtual Incremental Redundancy (IR) buffer. In general the approach
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[0090] Stage Rate Biasing is easily acconplished by

changing the operating point (the rl, r2 pair) to

some point on a curve of constant code rate (i.e.,
wOoWhReg2:18 he product rl*r2 is unchanged) wher

per formance degradation is tol erable. [Oogiﬁ’cwézoosmszzz

conbi nation of adjusting the stage puncturing rates as

impel adBodifibgtise {;@Eﬂevlﬁldiﬂaﬁﬂ ﬂinc@&?ﬁ% 95.%? %g bRt {;ﬁé}evﬂages

~ parity streams can also mtigate "emat|
such thatz desivablroeverall punetwringpaitémgepdts.er n and t he

bo ) I 10092] Thi s can be.enyi si oned
(0098120, veteas BRI RRRAT ana pSrme Phe B P RaihcropSfoting
poldite(tiof r 1, he paD) & @xﬁ@ﬁéiﬁs paAdMr{Oof dRstadt 8sdfatd fite. MR Here
2nd stage rate matching for the first parity bit
the predust alia? dnendhanged) Where perfrmaince degradatipa is tojerable

eam e ' | d..be . sel ect ed.so that th
{O%é/igr al | @ob 2 at ggéﬁw%dﬁgﬁgnr%@&St%%etwg?’ﬂf%rﬁeé ap Weﬁas
the e?rlgﬁns ra;ﬁes aﬁpm#ﬂﬁhg imetid ?wpm%r st?d_fﬁné € 418b @hftigate the

er. of surviv its after the first stage of rate
problemais dﬂfd’s%@l%%&g%?&%etﬁe R3S prttemms aggd dhe Jurhp Code
petitrmbade er. [ 0093] The present invention provides

several sinple and efficient techniques of detecting,
[00928i di ndlhis ¢ becmvisiondadnas pplittingnilieiapepating poinhgn to two

t s+ the parity bit streans, wt t i.hg to |
poffih $502ef fhe BEpHE boddns Jo oG GhieY dfofi o s atge rate >
matehiagtorthe fidsiqiaaiia bittfoantaRd fitd deb6d dﬁﬁﬁgbr £ deBsild Sty
bitc ded t;rﬁgsm ssions _are reduced by identifyin
un

r TRE atnodnts shenldhbe splgetedisprihakthe «p‘mr@ﬁ caflarate is
il R
el ab&ih p@ﬂﬁsqw‘iﬁfégﬂﬂxs%f%hébﬁﬁlglgr ?féﬁ‘%“%*g‘p% fa%tﬁhtéle total

degradation in accordance wt

nupihez pfiswviyipg bits afteartbe thrst stpge of takk aratcloige doeb @ot exceed
. 1 WWhen.creat | i gh rate codes via puncturing,
m%%%laéﬁ%l\é%%%‘l fi‘syan g‘@%ﬁ&ﬁgl e to distribute, as uniformy
[0028] possiTilee préseat binventifiat prakfied UssietHIC dimpleShAd bfficfent
i c&}{ideli e, it is inevitable that certain _code rates
echipiques é’g (Hetecting avoadipgtandfon sorrpeiing mrellematic ppuncuring
aftOrm2Gn! 188 Dalhty BH L¥Eam OVALIIHE %1?%' - -
P t he non- E)r?ct%reg bit patternlillas eri%g?cgf&%ﬁ?%%r}ates'
Acgordingdo dbeipresent ivenpien| degraditisisengenichpedierttircorrection

ot S ASIRE B SRS SR R8P S

approximates a particular code rate, and adjusting a value for anticipated

degradation in accordance with the matching of the puncturing pattern and the hou
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-pﬁnctured bit pattern to be less effective. One such example occurs

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

of the semi-periodic impulse response of the recursive encoding blocks of the
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Turbo encoder. An algorithmmmay used to identify al
puncturing patterns with degraded performance. [0095]
In a particul ar enbodi nent of the invention, the
woeaharkisyy of a WRU is determ ned, including :
sizes that are supported by the WIRU.. The Bﬁﬁ@'§@W%§”“
is used to reduce the nunber of bits to fit into the
Tlrbb bedodednntaigoriibve il luse®eieidentify AB padbieibtRrAS with
to provide sufficient error correction capability.
degraded pesformancey first rate in a first stage of

cturi C . [ second stage of., .
OB ur 10> T Bep Qbodiefe of e dRTRREEn R etk o o
WiRUeictdebgmiaed) ibichvg iwen b ffer siﬁ@ﬂlﬁcfa&'@ guplb(ﬁigé@BWtH&WTgtU._

uncture patterns in parity bit streans.  and puncture
Th%m#%%& yeed i rduge wwaﬁ}'tofigﬁtﬂét%w shyobuffer, and the
# co. - ' ili
O R e S 25 Bbi R LA AR el il bapability.
This prevides adirst ratednentitst stagedd phintctwrdng and aveecasbhrzde dh a
s regi %ns relatively poor Turbo code performnce, -
CRAF SHER YRICEEE S fromthe prior art bit-puncturing

[oopshene. AderdibgViRNiieO Braead inemtiod), detsdiy) Rioidihg and/or
correction conprising Turbo coding and puncturing

coxrpeiingapTbisraatic pragiuRe pakemsdnapanii) kit isties mspindapunsspred
Tu2hY cSRATY lra@hie%g} RRE0RE TGS @%&@ pesiéb% tcb(}f@ré:bgg' Ris is
e ['ower rate code

rate resulting from conbi nirng
apglkeadle twithooy linhibatior, o RR,CHBD awd bthewmodesiof graafomtiseion,

ari hits,. anpl es of asur es .of . perfornance
an&&&ﬁ%ﬁ&%ﬁ%&?ﬁ%ﬁ@ﬁ?@%r A rERiope e, Feltiely pagy Turbo code
peffoRahce], Fhidh BIFHRTEAALHOA TR prigh Bkt bRIpurRAHiAELhONE. The
. [0097] The patterns of the puncturing are created by
ephign| prgvises dok buward ey perresiion compaispeg Hughd codingad .

S _ . . A
T T
of pirforenzofce ind the affedivedodingsate wsdltinefroecodibiging the lower

operation i.s,based,on,the receiyved signal wth the ..
raiBRG0P EATRaEd B ABE VPR GoEeer R muB i i Ob e BTG s
ExRipldsUs Meafabl OF etBrifRild woald He BIUER, §i® erfriAtNMER),
degradati on whi ch woul d occur under particul ar

requiecsignalgodntertoraace rafie (BHERX protguired $NRhe punct uri ng
[00@?} ter .nl'(I"éJ[% )}Jat%géﬂzxg bf ﬁ:{e ﬂiﬂi%tﬂi@é%}eggbgteg}iy{%%ﬁ%aﬁ 2ncoded

more. | i o resultinsig egra
traabmpdsivat atrgparttieutiergiataipdte and ekélulihg foansif theericoded bits. At

hi. t he desi d te. 0098]. Th t .
the 0T Feres ar pfiten ey, bl 8 bt i laes oo GRpureg hits,
and B RRoHSGpEALtIIWbE dbr iReFeddbid AERN Wilh Phd AiRing Bits.

and FDD.
According to the present invention, the puncturing pattern is modified in order to

D

eliminate degradation which would occur under particular puncturing patterns,
In particular, if the puncturing pattern is regular or has a periodic nature, it is
more likely to result in signal degradation. By eliminating the degradation, itis
possible to achieve the desired code rate.

[0098] The present invention is particularly useful for 3GPP-coding, and
can be used for low chip rate TDD, high chip rate TDD and FDD.
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-20 .. . . WD 2004/ 062113
PCT/ US2003/ 038223 [0099] One such exanple of a
periodicity occurs when the non-punctured bit pattern

wo od&piadi ¢ with period equal to the period 9&Thf§§003/038223
sem -periodic inpulse response of the recursiv

encodi ng bl ocks of the Turbo encoder. An al gori t hmis

[0p9YVi ded One susle Bkirhyledlfa dlsxsmﬁafy H@uRAHhEs Bve ﬁbﬂJﬁuncmred

degraded performance. ditionally, nodification of

bi patipimis Peripdig with periaskequal prthe peried ofthe kembperiodic impulse
tor 0
R R S N e
pl]bellrdfedr tmﬁd&amfyl alli puncsudagi paftbmnss f@:lith’:ld‘é | d perfhAmance.
AT QLS BTSSP TAA P et b prioumed sach tht
péﬁ?fi‘hfah%@&ﬂfé'ﬁfrb%'&@d@&%& pattern. Therefore if it

I's deenmed desirable for a systemto be allowed to nake
[0400lest r i Modificationsto muwithribl ercustd to a¢sbere Furbn performance

f di f
16 B3 BEPRIE R onrstetn B R e Vo e Bar e noe ehaaiahle
cotlB @atfesythenie@foifianed midy VO rataRd Hy @bdiflcBo\bRbhd Pahicture
i ndi cates the channel 3ual [ té Based on that, the

%t?ﬂaﬁs rﬁher%’iale ih #j ig seemied slegizaklerfox ésmewg@t becllared to make
of aﬂrailﬁﬁf flg§- PJS PN g%ﬂﬁbe r11'estored by
su st ant i al anount o guntanc |s a ed, I'c e
modfichiion ofitha puacimrhqm/ﬂemie rate, but which allows f)

nsfer f dat a,t hrou he_requi red bl ock errqr
[Ofbmbabu |4 %Ptl‘[eﬁféﬁag‘?ﬁ%‘%ﬁﬁéﬁﬂ’éﬁh infomation ianhtaged from
thWERULHIR deESate thé PRELHAN Iguklitd kBaséd"cSIPtl?étC B rahBRitter

possibility that problematic punct uring may have been
adjizdeits nefe rabhwupegstothenmaremetrrel Injpatdncys pipooy peeeatipy, a

L R e (RN e T B L

bulf awhlcbe e}iowsp dnaisfercdf idata {hrohgle neth cthwai;equiﬂmdr bfoek eerror
@@ not serve to avoid problematic code rates.
pr 00d channel quality, very little coding is

forended BR¢cHannkPqRaR$ eblithatRnYitecdubd 32 Moe hﬂferrently take

. hodul ation. If the channel quality is poor, the code

#Oétcéoqréi thepersthilityTihat Emhl@nahc peRRiEEne tayhavebeen ysed, nor
3 o s WG st AR, i e

powleam fit &pﬁa bt ;akmdta zn:cbmnnfrthferfacti thetthemicdddranahhadabeen

te cantroller. . ) .
ed 30 & pro%{ematlc way, therefore AMC will not serve to avoid

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

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

rate, then those users are presumed to require more power and thereby reduce
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[0103] Capacity is nmeasured by determ ning a conbi ned
data rate to all wusers supported. |f one or nore
users in a cell are tuned to a problematic code rate,

WO tdnensdilpose users are presuned to require NORRYRARYEI3/038223
and thereby reduce -21 WD 2004/062113

PCT/ US2003/ 038223 ocapacity. In many cases the
capmeiityl ehahismycmﬂ;'em dhe @t‘dﬂemac kaoding Rite£ afe RAown or can be

oo ShEh] B L O A i ket
otoayent i
{0102y %eﬁfr@gen@ esvenbioa Rirb¥ilys wabﬁh%ﬂdc%]iénﬁnggﬁﬂos Idates

rates in advance throu?h sone anal

in acren éhwgigh@omhl@almca man@,randmsesmmhdg baythis aﬁ'ermation

the al | stati.ca Jhis. ca
by SRR e G  AShaahicBl B Blat Rl Thistatof Syved by
dewsam@pﬂ)biaﬁm Patlsrnk abbﬁuﬁhgh%ﬁﬁul‘;a%r@é{ﬂb df raths tofavoid. If
transmssion calls for, one of the problemrates, the

a tansaissiop Lallsites o of the prableraagtes: the petual mnﬁmnsgon is
providedMtl r. Wh@ﬁ tsi gleﬁﬁ diffht, The ésﬁh& R aﬁr%},fe%} gsfteﬁs

avoi ded. ar e represen ative’ ex
avaidetl-f i cations to the punct uri ng pattern used to

erate,specific code,rates, as a cable to la er'
Iﬂlgﬁﬂ Iayirrb |"’Iff It REPEPERIiaHYe Fﬁfﬁ‘q’rﬁlﬁgpﬁé Atons gﬂ F}FP

PuRRGHRE PACrIEdd toRneliite SpEfid EB&%Q‘Eté%nas %ﬁﬁ;ﬁcﬁbl%%a&& 1
t he exanpl es _descri bed are conceivab such

and, layien 2i1p ihe FRD ped FSH2 modesd tlsqmmlmmlcase@oadahce with the
Pre§(1§)f?c?nfvbﬁt161{m l\fﬁﬂﬁﬁ%ﬁé Pﬁ 5 nal?%llgs dngcrﬁi gag% rc%lgfﬁ}v N5EPAn

pernmutation o rtng pa

suchwiamadiioo nelydegbngjdéted sputial memg@@iebﬁidimple@emtatmns of
[ e original

the YRR Bbherg ioeeut A Aot csihe nsfumghe RaHE-L ey
methodloBbhangds FHATIRESIY pAt&RdEe. Q&ﬂzr&itmg Soth&BernRtit8Bbn of

to.inclu per nmut at i ons and et hod generati ng

thesorigingh msfamrtgn pagern, thasp ke mtanm;al pﬁt qh@man@ vhe ayerhll
l i flcat
pertibnblis ofY 3R knd RIS I ens e md PRI DS EHeOBe A et
of wraﬁ:mgf mdﬁepmmahmuns af ¢the @wnsta@ﬁ@[ Olfésétt&% mﬁbagiédt fitthe
{ of.the I nvent.l on | re
preg V}BV?%&’JBL@&%@%#}?%&& JmpIoysmRents é?li? %ﬁammcept of
the fivnsPalk sbl forthhedbink PoveLas 'eﬁ%sﬁ%@cﬁo‘i)@ Athifl ROaBBE of the
4858 bits respectively. Al of hem are rate

presend inygtine oded, and then punctured down to 6072 bits

fo187PPed Iﬁfﬁ@ﬁﬂ@% RS ISR oY it &8 DsoH
transport blocks of increasing size 4554, 4705 and 4858 bits respectively. All of
them are rate 1/3 Turbo-coded, and then punctured down to 8072 bits mapped to
the High Speed Phyéical Downlink Shared Channels (HS-PDSCH). This results
in an effective coding rate of 0.75 (labeled 7/9-), 0.77 (labeled 7/9) and 0.80

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

[0107] When increasing the effective coding rate (or equivalently increasing

= the puncturing rate) of a Turbo-coded transport block on HS-DSCH, one should

expect that BLER performance degrades in a proportioned manmer, ie. gets
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T

in an effective coding rate of 0.75 (labeled 7/9-),
0.77 (labeled 7/9) and 0.80 (labeled 7/9+) for the 3
i ncreasi ng transport bl ocks sizes. [0107] Wen

wohfiRjoeAgs Ny the effective coding rate (or equiv

increasing the puncturing rate) of a Turbo- Co’lzjgg%il%szzs
transport bl ock on HS- DSCH one shoul d expect t hat

indbiogly fvsﬂﬁé@%? a8 RerP PO Qoash [, This
" L O e o g mg ksl - This
"“@83;9 ey

n@b plveayschappens erditregnyberdeghdn thisfexaniplethat

e A T A
0.80adoded tﬂai’lsbaﬁg))odkdﬁeﬁhidva 5P Sdrhe BLIRK o g@soxieatly310%.

e SNR than a rate 0.80 c &g?- transport block to
i eve reasai oy the efserynoh dearadations isothat the pegpdicity

e

ther umulaeompoml ofythe vorssttiteemts recassiye envblntionhk encoders,

- el T RS IRE Bhs he R e By R ratEpsomplien

thd Beeop@ rain@br ¢hb ¥irsf rdtben A PAinhRY RasaP PIThi8 dfBt is

the second and/or the first rate matching stages in

increnpjngly geare fraguent farduerepsinglyiugkespwrptyring ratesr equent
f t
(0308] | 013" Haty A HRGE (NS DR 3R Shuchidbihe bibok i
asdyinoak TIlawemrs gzechngémsm;@% l}; niohﬁgamraﬁhﬁﬂzs IHp:{Eﬂd/Rfmhﬂll and
ra to and- th and W thout, increnmenta
withght ing %%W'fﬂrﬁeél IH@P&W&SIO&O@J es ig thatthe
critibdl pudtidritAdat QMBS E't@ SNTed@sad AR 14 P}&h&y&e in prmglple,

degradatl on are predictable in principle but woul
but wauldrequire 2 tethercommlexsebof parametiensto log takeo inb acapent.

{ |
), <o A R ASHEL PR ST M e s
theBNodk] B rw]inah halsethpq:idrhemllaarad&dﬂwgbagﬁg ﬁhgztould nmbuiqltém a
not re rrent st ards and cou
chatis o “CHer ot g‘ﬂﬂ&ﬁ%ﬁf Cend entildy eaph drka OR%%M%SP%&
imMBhle@tdthins W‘mé 6185 BphRoaPh ¢f frdliaBle, Hi'@ldoﬁ% %lésqpéeﬁ%re

used are onplex and restrictions on possible MAC hs
complpg gud éest@@@mm om possilde MbGds@cheduden decisions are imposed.

o144 f er ”ahgé{a‘f-hé{ et‘ilé gL RAlld S8 %Jhé’ Q%e az@ﬁdé“%get ?R&I[L‘Eunng

punct ur r s as’ gener at ed e curre
pattame arsageﬂwﬂgsdslbsagle@ cﬁﬁént&t@&ﬁhtdhﬁhg $6gfes 102 HRPSCH in

ficati sconstltpt yas |1 changeln
TS%%ET%Q? + Fheseaqdifieatiams camrifuls.anina seell hrueei be
raté hatSidg phthmiélers Gré gendatARIBLSS, ﬁﬂ/222 e.g., parameters for.
HARQ second rate matching, and more importantly de not require any additional

signaling.

[0112) - Due to the apparent simplicity of the second option (slight
modification qf 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 TS25.212/222 to remedy this problem.
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HARQ second rate matching, and nore inportantly do not
requi re any additional signaling. [0112] Due to the
apparent sinplicity of the second option (slight

WO BdiEligat i on of the generation of the punctugi
pattern on Turbo-coded parity bit streans) U%('f‘]fgﬂﬁogsmsszzs
transparency for the MAC-hs schedul er (sinply selects

[0MB3at everTHe ansiitieht RlcAfivedoaQolubiof 8B ricBakia $n SHE EQABE-cBder

: asfqgﬁgschedul er decision), a corresponding change is

2 413428 have imfopteimpudsaxeypendes thatehe peariodiz withperiod
143 P 038 - [.0 The. constituent
7 10 Hhedhe bl A nat W Yetthip bloths SR G (R R
puactubsd) RS 12 1R¢ Parith die strebireine benpudldativeyPIREefated by
that. are periodi¢c with period 7 for positive tine.
cm?f{ﬁ“ﬂ&%?ﬂﬁﬁd@%ﬂﬁ%&?{ﬂ@%%@%@ FYAWYiRg parits bitson-
0 ctur ' ' Ly i f:eS ca s ops
O ot el o PioOLGe radigse < bt sheAel BriBmatic bits
corpespondmgito bhe inpul sasyuence, pesiby bikistreinnkyopimitiof 1Hedistituent
The.. Turbq- coder oduces. 3 bj.; streans,
enJé)yg/ é%égr?gtl?aglt ili)tltss(%r%aé? %égﬁ%wgi"ﬁ gndt %’n?{ﬂ e‘l‘%ﬂ?i ﬁﬂf‘g@éh uence,
[01p8Fity Ddte slidteRoedastipuéntitee@isivedont6lasibhhlétbder is an LTI

encoder) and parit@i)l/ bit stream ZQéou.t put of 2nd i
systyp 9B re dthegeforss g outpgl ofthenmcedariian sumeofshaed versions

i j ogeri s. .S on
of QRCAHILE AR I R s B0ASel A88 i YE T iR
' respénsfetootresporsisdn she tfcatinas offhiel Bein @efise of the
oder ach shifted version of the, i npulse spQnse
[Oli f r espTREER FUpRuTie RRttEES DAy Iesul in ?r‘ostsh‘é{‘%Bgn uted

infériilatfon 4Bt alshANAGUPoF Bils Baddss ESsTRY bits $tbhe bftHR parity
| oss of distributed information about a snmall group

bit gtregmss Egregampladetsidie BB consiat o7 bite followddebyp aranyyzeros.

[ f i B iS5t Qf 7 bit
Nop bl TR ot T KB & qghSmbndnd SRRy Befyatlonte
thetonyinigf voe eatoderafier hdwey paveturiig, Ldvh obbestvidhiresdedt the
outiNE i o P ABDRE T Bihibn THE AVRdphnioH cach dvera

obs@ifvatidg iy détetrBineds thE BERAVihE bitgRERdRAN thE Hhlse response of
observation_is determ ned by the surviving bit period

the zpireive engefling blacksponse of  the recursive encodi ng
ock. | t Uy, t£k. ‘ 7

ook, S5 e 0 D B

bitsotzge evatuallp deedleeeveda Theateforeph shstahalfibeguaidds with 7

- unknowns can be formed. Assuming that they are linearly independent, the

values of the 7 bits may be determined.
[0118] However, when the periodicity of surviving bits is simple (one
surviving parity bit per period) and the same as the period of the recursive
encoding block, 7, then, due to the periodicity of the signal, everj'r 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 unique solution does not exist.




unknowns can be formed. Assum ng that they are
linearly independent, the values of the 7 bits nmay be
determ ned. [01181 However, when the periodicity of
WOSWbMis¥i RO bits is sinple (one surviving pari |t
per perli od) and the sane as the period of thg@b&zoﬂy038223
recursive encoding block, 7, then, due to the
fopgg}i odi Cighenth b8P 8f sur® Lhal -
BB e domtae PO ReAP St our SR LR ARI A h A 0hey bnghive
obgervatians of theparity hits sill ebewtiuaBy firyn 8 vhsleqssstem of equations
bservati ons. [Thus, rank-.1 system of, equations is.
affg rsﬁﬁﬁragr?gse&“’ﬁﬂ%%ef“?er’ﬂf it BT rsldhcieRbio ppiauely
de261aihe 6Rd Bits, RETine20ARh0R3843nt {0kl SimibeRe | i%gls digtributed
periodicity of surviving bits is not a nultiple o? 7,
acresR ithe suppsiag\nreritbhitsof the parity bits will
nt ual . - S Of tions .after
OBAA0r ot tnta ot PR Ml SO R A B 3 i lopGoven for
nogtsiinipts patiodsy wg| gudisler died ensd Rthekd @hdidoh-pindture pattern
1i nforngt' on sufficient, &o eterm ne the bits is .
alternates betveeen a pimple pered of Firee iang fowr (twp syryiying paiey) bits

pet betidd ¥HBPpARPLRY e that some distributed information
IS lost even for non-sinple periods, e.g., consider

10123 caseThiseregulth dnnopepiodcT vron-patdberen pattetre hudtweith two

wee i.ppl e peti f three and four (
sl e Ry i iPber Bt pR0 shibp atierh 2havd i top rank-2
sy$teib2df] seVbih equLisns. SThiB i8 sHHIihOEkRtiene fo RUAldN Befdfinied the .
but \gn_th t surviving parity bits per period. The
grauppf bits, s pasige th nsiprepftherpaee thexmapspan. (dearly,
cofid . - This, | y . i i " _
determ n?"?hieﬁ"%& Irt%% gtgo#d%'li %%61 B% l}{ﬁtgﬁ{é s to?es u Pgeu%“ng bit
Patlermsnsi on of the space they may span. Clearly, sone

1ndgaf or mat j out .the TB nmay also be |ost f .

1043 0 A Red i stk eRafive FRthRebtn SR pidhe ablematic

inteyartivht defiaédnyEutdRiod s bepue andipurR @ik th therate-matching
probl ematic interactions between Turbo-coder out put

staggsy puncturing in the rate-matching stages. [0123]
O e oy oy nch oF BT i BUREb e bl B3 drbri
thadumeuires the Mat(-bs hsatvdidtusimaphnduShRpatieens toatleahteSNR
de&%ﬁgﬁgﬁ) tanléls doss Elto iu%e ot 'iilqargoim qicia i(c))l_‘rls 01p %.!Lz{]p%ullg (igtrzgnglglg
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,

- 10125} 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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transport bl ocks sizes to HS-PDSCHs. [0124] Avoi dance
woul d either require building | ookup tables that
identify the problenmatical configurations or

WO 2emadseiasi ng the predicted degradati on exprepgt@R2003/038223

descri bed previously in the MAC-hs schedul er. [0125]

An advant age of the | ook-up table approach is that no
Pavgivsters tha MAGrhesthedulen dantibnowl foctake intecutcoast andldition
. at any particular inplenmentation could be |eft
WCY¢fidor - speci fic. [0126] A disadvantage of the

avol Ctaﬁﬁﬁnaﬁa%m éeﬁsi%@@fHBtDSé}F&mm&Qfoﬁg by the

fact that there are several dinensions to the problem

t hat i i Rl iping i.f.,a

part i(gou Il'rllgPﬁJg (Ig n‘?li %\ﬁf gtff?)%lﬁjﬂg\ﬂ I%Itg ﬁ{(/)gﬁ%goge? oat the WIRU for

degrﬁ%@gn. -25 WD 2004/ 062113 PCT/ US2003/ 038223 4

Par a aPﬂe MAC- hs schedul er woul d need to take

into account ipn addition include: (1) transport bl ock

st dPraumberef pavsieal rhwnel b elocaiof fonihedidDSOHS.
information bits to be stored at the WIRU for HARQ

{013fd ( 3)Few MW, dhegshyperaatterh aracimpliads byl ke apebifaiion

.t - P . 01271 .For FDD, .the araneters are

indled e FOF ARG DA PB foder A G AR b o <29,

andofhanpalspeatilock sedrs (Rrdk; vedyiarsgnspermt i (1 <i <
and the transport block size ki, (0 < ke < 62)

29), _ _
1012 : Ts25. Beseribed bebw bevecrbodimentafthe prrsent inysationthat
. : . o e Has
inclifled AEnBbE3Gh VAL dbiiBihed HBHRER,S) “The. hybr i d
[0199kQ f urﬂil?é hﬂbﬁd tAzRQ&hndﬁtiig:aﬁhﬁ matgﬁmrthéfmbhb& al bithat the
t t channegl oder t t tot [

outiith & the ShannaiesdRneibe el Buner el the WIS setto
whitk BReHS- D€ Bhisan hfpARPhk 19 sHA ARG th) cthch LR i§ ddteslidby

the redundancy version (RV) paraneters. The exact set
the geduynidagey vexsion GRY)parapietersfEhegraat geineibitsiat theomtpit ¢f

the P AR G A S it of bl TR pihogof
outpARBifs, and thaBV paracenheaisst s of two rate- mat chi ng st ages
[01@? d a V’h{é 1%%1'1(? KHQG %:uhctionality consists of two rate-matching stages
and a virtual buffer.

{0131} The first rate matching stage matches the number of input bits to

_ the virtual IR buffer, information about which is provided by higher layers. Note

that, if the number of input bits does not exceed the virtual IR buffering
capability, the first rate-matching stage is transparent.

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

{0133} Definitions of notations used:
N™:  Number of bits in a transmission time interval before rate
matching. | |
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[0131] The first rate matching stage matches the
nunber of input bits to the virtual IR buffer,
i nfornmation about which is provided by higher |ayers.
wo DR fipat . i f the number of input bits does
exceed the virtual IR buffering capability, Ppﬁfys?qt)?@?szzs

rate-matching stage is transparent. [01321 The second

rave mat ghiiRte At RGN NGiYiber of bits after

fir'st rate matching stage to the nunber of physical

Ghgmnel  phlSipRal j : - i.n < g
ik '[plgf °§15eﬁ)féi'ﬁ@%ﬁﬁ%ﬁ%@?a@%%@%&%& ?hn“"h%%%’é‘rme
of bi t Brtpywal op/IaeEhi wihdnangpert formet dal before rate

i.ng.,.-26 20041062113 PC1/ US2Q03/ 038223 .QON;: ..
Ao TS ‘aPVDg B Fo o PACERIed 12 geh tranepyistion time
posi t | PAkervalg fwHptanspopieformgbht ed i n each

! e D T A

A e ofBies LAt e dingih Yenaity ssb B RE R IARR
in each FiegnsatesRAlkiing.ne interval on TrCHi with

t 1. : _ [ .
P ARy ARy o g
t te- chi,ng... Nds, a: . kqt al . ny. f Dbi th
5 o=l e T M
vaﬁﬁ%rwn%é‘?’}%]gf”éﬂ'&ni n the rate matching pattern

tg‘ﬁ erm nﬁlci‘&ﬂﬁlﬁ] FOLLLREY 1ﬁgﬂerel‘2ﬂ:8 mlgﬁa\g%é‘g?? ?ﬁgnét%n
e

EI LEliB et ching pattern deternminatio
crement of variable e in the rate matching 3

patkern det @rdEkdiabAtoBf Magfibild Min bthel PaleC RiRBhing pattern
SyatiRmRiAfidAepatthy bits b=1: Systematic bit, XE .
b=2: 1st parity bit (fromthe upper Turbo constituent
bncoder), zk.Indba®s sPsteénpaiddnd padity(Bitom t he | ower
Turbo constituent encoder), z'k. [0134] The HARQ bit
separ #iloRystematichit.amal | be performed in the sanme

b=2: 1% parity bit (from the upper Turbo constituent encoder), zz.
b=3: 224 parity bit (from the lower Turho constituent encoder), 2.

[0134] 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. |

[0136] The maximum number of soft bits available in the virtual IR buffer
is Nz which is signaled from higher layers for each HARQ process. The mmiber
of coded bits in a TTI before rate matching is NTH this is deduced from
information signaied from highér layers and parameters signaled on the High
Speed Synchronization Control Channel (HS-SCCH) for each TTI. Note that
HARQ processing and physical layer storage occurs independently for each

HARQ_pmcess currently active.
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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 nethod

wo Sfsfkdiped below with the follow ng specific
par}gérei} ers. [0136] The maxi num nunber of sofRCTP§2003/038223
available in the virtual IR buffer is Nut which is

[osgnal eqffrmrrg fgasgﬁ- thay %5'%_?{1?1' g@@ﬁ?{eﬁé% 368 Hits Jﬁale

nunber ts In a ratemachln
comeSpomlriurg il 1d eahu Geed sturem thmff'ustm:hbmmﬁ:nlgh@i ethghr smll be

h| gher l,av.ers Qﬁ?w ﬁ} éggale on the Hi qtg,thatno

re,@%ittbnT'ElperfN%@it hat HARQ processi ng and phyS| cal
er storage occurs_ independent|y for each HARQ
[0 lgﬁf%cess D¥r trarpgllexdhpn V™ the pwtztbétzmmm@re punctured by

o AR AR ek T M AR e BBl an

TTI b t he first
Lt b R R R Shnl R GoniioRl Bhrel ot thefiereid spbpplanse.
Noee< ahpl ﬁegabﬁeaﬁiluﬁVﬁdm?hé ctell WhBg el Fits maﬂahlﬁ@tzﬁaﬁl&ﬁbnts
repetltlon i.s perforned. [0138] If Nut is smalle

PuBSlaRingTIits ﬂécfisd @Itgmtstwwh@h@paw qg@@baurbedm@yrded and

hi 4Nf =
nof G i I (RS i Mt R b AN e Wit vual R Bt
[0188hN neI Iffigstt $taps pantturbigndtioibe ﬂiéiﬁ)rﬁﬁﬂ?t]@élﬁﬁféedure below

use. . Note the negative value i s expected
shilhBe Feied e g R iRt SYpRAtH (rd), IRpREEy Bo3), and

n £ h,
a3k BF bloL 9L TRURSHURLAG AL - 9PRE RS 188 o B parity
-~ strédme ssirbihee probRotid pidletddfn @pdteer . [0139] 1f fi rst

st.age puncturlng is to be performed, the procedure
The, tage Eate maiching delg is Fﬁ@@l@tﬁd pg fallows: t o i ndi cat e
systematic (b=1), 1stpar|ty (b=2), and 2nd parity bit
if pugyturingisyabametiormedl ., : is the change in | ength
to the parity s[re Llo ci rcunvent problematic
RUACAHTY gd'Res rsﬂNs,th.geﬂt e_mat.chi pg. delta
08 Iglc{ﬁjgted asfoKLows i f punct ?ﬁfng@lstg blg
perforped rrr X. = LNm/3 j; PR=~1 2 4A4NPARrrY = O;
whiefpR<4) 49: a=1

[7-a-PR+—1~J
2]

7-0

round =

A = PR — rowunid

PR>5§- PR<-—1~ then
9 49

a=a+l
Spp =98
else if( > 0) then

18-




X, while (q s 4) L7aPR+1 2J round =L 7-a d = PR -
roi uid )then 1 )>4RH{PR>49} T(PR<49 | 11 a=a+l J
bpi =98 el se i f (A > 0) then -28 WO 2004/ 062113
/ 03/ 038223 ANPARI rY =L[ OAfnT /2)--X;
W(?%"WP‘., SPR J a=5 el se ANPARRT 4L tsf’\fﬂﬂ'ﬁ% fg38223
round+ 11 SPR a=5 end if end while AN 1/ 2-

s aNPARIfY, b =2, VL " ANTT, / 21+ PAn, , b =3 a
= 2 when Qg2 a 1Awmm2il§ 03401 JFIAN, is
cal cul at ed 3@"0 t hedtlfe fol | ow ng
procedure
else

ANy {L ANT" 2 ) %, (round +§L)J'

FR
a=5
end if

end while

.:{FAN?IIZHN"‘”””’Zz -

- ANZ" szANmnmub =3

a =2 when =2

a = 1 when b=3
[0140] If AN, is calculated as 0 for b=2 or 5=3, then the following procedure
and the rate matching algorithm shall not be performed for the correspondmg

parlty bit stream.
{0141} For each radio frame, the rate-matching pattern shall be caleulated,

where:

Xi is as ahove,

eini =Xi
€plus = aXX;

eminus = X | ANi |

[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 perfdrmed, 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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and the rate matching algorithmshall not be perforned
for the corresponding parity bit stream [0141] For
each radio frane, the rate-nmatching pattern shall be
wo maloshpt ed, where: Xi is as above, eini =cBE®0057038223
axX enmuius = ax 1 AM[0142] HARQ second. stage rate
mat ching for the HS-DSCH transport channel shall be
239/a66], (237256 268561 avd4pT512 [Mse/s1R], bedspuldidldg of that parity

SR ARG e DB Mot REREU L Aa o CATBA gt i pne, both, or
| ' f | s i
neRh&GThe 8 (D SEitati, B ARy oA N STl pfly breath.

222/ 256], [231/256, -29 WD 2004/ Of2FY33 |- N
PCT/ US2003/ 038223 232/ 256], [237/
{0344B7/ 51 T otBpdStkRundtheing Ratioy (PR
stream shal | be performed. Note, iy, ég%
carried out on one, both, or neither pf7tdhe tWo

parity streans, but never on the systenmatic parity
[01¢6t eam Otherwise/ srond skaige baiz m4tohing) forreddSiBICH transport

j ti = A LN 13J&P2 h=3 N7
RS IR J3R oo SBE s apg ity BAYAR RS PR relfiigd for
puliubiSghyhichneisat asCH s besdigdakddb afl@nge Mot RotifiRd in the
foll ow ng stagm fic paraneters. Bits selected for

streame tew g thiabihcallspber. as S shal | be di scarded and

£ not Nt t ns,t owarnds the bit
10:36F 2ot 1R Piahaetee e AR BB Beldpend op the
valmbEtha RV phogmetiap e nddenThdparavadtercs @fn tallke tRYvalue 0 or 1 to
araneter s can he val ue

. para ers s and r, The t ake .
dis sin%_?lthegwe%} TAPARHTSURS T eSS OhGs (Smb and Hon
sysRérh@fik bitd s V6L TR peratietst { Gamde 0 309109 changes the initial

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

r and s change the initial error variable eini. The parameters Xj, eplus and emimus ave
calculated as per table 1 below.
[0147] Denote the number of bits before second rate matching as Nsys for

the systematic bits, Np: for the parity 1 bits, and Npz for the parity 2 bits,
respectively. Denote the number of physical channels used for the HS-DSCH by
P. Ndgta is the number of bits available to the HS-DSCH in one TTI and defined

as Ndota=Px3%WNdata1. The rate matching parameters are determined as follows.

[0148] For N, <N o T N + N, puncturing is performed in the second

dage —
rate matching stage. The number of transmitted systematic bits in a
transmission is N, - = min{N gV way for a transmission that prioritizes

systematic bits and N

1.ys

= max{N PR (N N, )0} for a transmission that

prioritizes non Systeniatic bits.




systematic bits (s = 0). The paraneter r (range 0 to
n,,ax-1). changes the initial error variable e[u in
the case of puncturing. In case of repetition both
- wo BfgRpRBers r and s change the initial e”%cﬁ‘fi‘&!z@?/oﬁzzs
eiu. The paraneters Xi, epl s and em nm ar
cal cul ated as per table 1 below [0147] Denote t he
t01dghber dfortv j5>ef arre, s@c?mdpdt&i@iﬁpéﬁbﬁm@imhélmnaﬁte
the systematic bits, or the parity 1 bits, and
md‘kl;ﬂﬁng stagbehé spailait z;epahtmn sate in alpéicdtrasahyis dohiwwb@ by betting
nurrber of physical channels used for, the HS-DSCI 1 by

o oaat?aﬁs%ﬁltgeﬁé%ﬁﬁeanaté%gozmu{ e LoMbe Hp oScr

mat chi ng paraneters are deterni ned foI I”éws "1 0148]

[0180] N . The Swubkber *+bP, BHECt i | NP | RaRGhisefofBdis:
in the second rate rratchl ng stage. The nunber of

t ransmf M,ed- Fystiemat i c b| ts transmgssion is
Nop =0 N TNy NG 3, |3\ rery ad’r‘iigmhésal D ataleld ot i} Fo e
systemati c bits-and N,, , = max jN,r"a - (Np, +Np2

m)1 1 604 pari ry;gg; Q prioritizes non _
P st emat CE%Q %8 %%04/ 062113 PCT/ US2003/ 038223
6 [ 01491 For Noma > Nry, + NP1 + Np2 repetition is

perfornmed ipp—the sec% e—r-at-e—pt-er-Rg-stage. A simlar

repetition b b SR eved by

setting tlregiﬁtﬁ%%tic ol .t Ir Agsmi { {Mgl sYstlematic bits to ®
N.,,, =I PIJFM \pl J [01501f The nunber pE

of- parity k DR IhS: I - | Nears 2
NI, y: _ N anﬁ* ‘P‘F ., , + N, Pl~
for the pd i ts; spect i vely. Xi
egi us Bm nd y,‘%ﬁy, - N, ry"l
RM S Parity NS, - N .,pll { RMP1_2

Parity 2 NPZ NPx | sz N: PZIL RMP2 2 Table 1:
. Par amet ?[ragleff ParaR%ters nﬁArRﬁ se.ecggcti (I:'Qgenrgatching .
{0151} Table 1 above summarizes the resulting parameter choice for the
second rate matching stage. The rate matching parameter ein: is calculated for
each bit stream accordiﬁg to the RV parameters r and s using |
e(n)= {(X .'-—I_f “€ s 1T, J—'l)mode ahis }+1 in the case of puncturing,
- ie,Nu, SN, +N, +N,,and
Cen(={x, - I_(.s' +2:7) € 2 1) 1) mode,, b1 for  repetition, e,

>N, +N,+N_ . Where re {0,LL .1, —I}and is the total number of

dam max
| redundancy versions allowed by varying r. Note that rmax varies depending on
the modulation mode, i.e. for 16QAM rmaz = 2 and for QPSK rimas = 4.
[0152] Note: For the modulo operation the following clarification is used:
the value of (x mod y} is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9).
{0153] HARQ second stage rate matching for the HS-DSCH transport
channel shall be done with the method described below, which separates each

stream into segments Wi_th specific parameters calculated below. Bits selected for
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[0151] Table 1 above summari zes the resulting

paranmeter choice for the second rate matchi ng stage.
The rate matching paranmeter eini is calculated for

wo9fReRILs stream accor ding to the RV paranet eﬁérlijsﬂ)ﬂﬂoﬁzzs

using e, -",(r)_(x LreP,a,lr, '--1)rmdapa}+1|n

case of puncturlng i.e., Norra5N , +NP1+NP
p@iiufing (Whick, appest 38 )Fshall bd discardedd- éddTEiiL'enot cm}ntbd §8the
repetition, i.e., Ndara > N,,, + N1 4- N p2 . Were r
steedrps towardsthe bitieollagtiond r . |s t he tot al nunber of

LK el B oY SRR, 2 A e
seizaient %QAANbd filEdE vp ARHe Fiost XEg‘?'ﬁlﬁsfm%he pérityl Stkezin, H% Sécond

For the_nodul o operatlon the fol | ow ng clarification
3

seggpepd sl bemadeuy ofdhe pext Xsep bith,)anddhe dast segmentwilllee made

8P 1 -1 nod 10 = 9). 101531 HARQ
ulgeco%ﬁg}agg%%?%fgébnatchl ng for the HS-DSCH transport

nel e done .w,t h t tlaod. ri bed bel ow,
OFRREn s e P APEL et Spriite Pre s cegments with
speci fic,_paranmeters cal ts sel ect ed
for -31 %GE’GQPWE’PEQ“ %godg‘/@g%% **ipuncturing
whi ch appear as S shall be discar degc and are_pot
count ed Amdtthe fingl segapentthywdr a8 Skl “bF 4™ COt e it on

Segront l'x’z&iii“ f rt f,; 5 3%&% %’6‘3@&29%? 0 £ gmodss

O bW o

mhlteple QﬁtQE{SﬁQﬁEE}Ie mﬁfh Q?m@i@lﬁﬁnll He &h t;h q"Jrei!H%' éusegnhere a
Xsegs bits: [0155] The rst segnent i s denoted

partigulay pegmen ISr%@tI, thpReof seesn oTuEpeRmingis performed on’that

si+z xi.xres2 And the final segnent by

ng)%lieﬁ%gpt éé%]zlé%tim xes, +&es2+z>x; , x, Wiere Xsesl=42LX;
[01!9!3] X, esAddﬂ:ﬁ}ﬂal(j)AﬂﬁhéferéSEr HNRJQ(RSomI Batef)labediing Stdge for

X bﬂ a} t han 98 on the third segnent exists, and

|fp}EP ematic JRRIRETYES 98 then the third segnent will
[olsglenpt yPanﬁﬁeﬂeB@PCN%ﬁa WR! 8,2 NRAN LS HhaN,Se eIl 8ted,

enpty, then of course no puncturing iIs perforned on
addiaenal pexameters ape defiupsddiplow. 0157]  Addi ti onal

[oPsg)amet ef)%ﬁt%“thh%ﬁib@?&%ﬂtﬁbﬁs y@fo?@éelggmﬁﬁg g:\EIta[mg after

segmentation as Npiseg1, Np1,seg2, NpLsegs for the parity 1 bits in the 1s¢t, 27d and 3+

segment fesPectively. Denote the number of parity 2 bits before second rate

- matching after segmentation as Npa seg1, Np2,sep2; Np2segs for the parity 1 bits in the

1st, 2»d and 34 segment respectively. The rate matching parameters are

determined as follows.

[0160] For N, SN +N,+N,, punctﬁﬁng is performed in the second
rate matching stage. _
01611 . 'The number of parity bits after segmentation is

pr..rcgl = 42'!_.pr IQSJ
Ny =56-[N , 7198 |

phsez?
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probl emati ¢ puncturing rates [0158] Paraneters P,

Naat a, Nsys, Npl, NP2, Np,ti, and Npt2 are cal cul at ed,
addi ti onal paraneters are defined below [0159] Denote
wotXosysysmaer of parity 1 bits before second ra%@rms 003/038223

mat ching after segnentation as Npi, segi, %
Npl ,segs for the parity 1 bits in the 1st, 2nd and 3rd

segnent respectlvelzw Dﬁlj\otgloabga nunber of parity 2
bits before second fﬁi" rf'étchl ng after segnmentation

p2, s segsfor the parity 1 bits
fqai%?i\l efgte m?ﬁge '?églﬁém: ﬁé&lﬁ@@t? of glayity Frts (b=2),
ahd gnl@ggﬁg&g:@@g arreters are determ ned as foll ows.
[ 0160] vy <_ Nw +NP, +Np2, puncturing is

The nunber of pari Mymskir ion is
Npeaesl = 42-LNPb, 198 1 b 1e§‘LLN'— 56. LNPfr /98, -32

WD 2004/ 062113 PCT/ US200 IQSEZ;BI_NN%_FQI’S NW nod98
[0162] The nunber &fapari egnent for
parity 1 bits (b=2), and parity2bits ( 3) |s

49N, . Pb' LNPbl 98J 1N, , . NA& 2, ,, 4@N‘Pb£b4&lﬂppj

[olft'Ban t egheTpdrabieters )y, a{}%‘l S

QS sege_gr OB sey g"lr‘?s %%’T ecg]a(\:rat&? 25 peg table 2
b Wus and e,nn"s are caI cul ated as per table 2 bel ow
Stream Segnen % epi za e:niseug t Systema No. Nvs

INSys - Ntos tic

per f or rred |‘n t he secondr%:atﬂ,pl;mtmpym_[&%trge [0161]
—after;segnen

Stream | Segmen | X; €plus eminus
. Y 4 :
Syste
tiz ma N, N, IN o~V ,wl
RMS _ .
1st ‘ Np.l,segl 2. N.pi..s'egl 2- |Npl,.segl _N-'.Pl.segll
Parity 1
RM and Npl.:egz 2- Npl.:eg’z 2- ]Nrp‘[,_regz - Nz,pl.segzi
P12 .
3rd Npl,seg3 2. Np!,seg3 2 'lel,us?a - Nf-Pl--TGS:"l
1st ‘ N pz»fegl. N p2segt IN Psegl =N, t.pz.segll
Parity 2 '
BRM 9nd . NP2-5¢82 NP’.!.IegZ IN p2eg2 - Nt.pzﬁegzi
P2_2 ' -
3rd sz..geg.a N p2.5e23 : lN Pheegd N :,p2.xeg3l

Table 2: Parameters for dithered HARQ second rate matching |

| [0164] The rate matching parameter ein; is calculated for each segment of
bit stream according to the RV parameters r and s using
e, (ry= {(X i~ LJ “€ s { T J— 1) mode,,, }-1—1 in the case of puncturing. Where

re {0,LL .1, —1}and 7, is the total number of redundancy versions allowed by
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RMS 1St NPl .seg} 2Npiaz21 2-1Npi.segl-N.pl.seqgll
Parity 1 RM 2nd Npl seg2 2Npl seg2
2' I Npt,reg2Nt. pl,teg2l Pl 2 3rd Nplseg3 2- Npl seg3

wo Zo0l/07k5eg3 - Ni . pl seg3l 1St Np2segl NP2. ae
- Nt.P2segll Parity 2 RM 2nd Np2.seg2 szzéiiecféh%§§8_48223

| Np2deg2 - Nt.p2seg2l P2 2 ( 3rd Np2seg3 NP2.seg3 IN,

vaarelhg r. Wote2hat 3., hailee Bip eﬁ’ SheSnlo@lBidh 8108, ie. for
second rate matchl ng 0164] The rate natching
1 ﬁ’rﬂ’ﬂ e%i’c‘mkat%d for each segnent of bit

logpherl AReR: %OP U4 Sigtlfy erBlbR e Ali3 i HArichBiph & used:
_ theamheoéf (0 ek y)rik BmCthriExe rafigd 6F 0 4 3-1,G.6.,-1.mod 10 & HN'he

tal _ nynbe redundancy versions all owed
t@%ﬂ&@o Eonmg salles mmms@mmwmm

[Oigg e that rmm varies dependi ng on the nodul ati on node,
i.e. for 16QAMrnos= 2 and for QPSK r,,,. = 4. [0165]
[0A@Hle: FoFortmsh pavity stresq;tas,aﬁeo the tabe atdhimg algorithm has been

ed f
caffp i o 0, 5o g B oo p et Fpidpsgpld be
c(}il’d‘lftenzﬂa‘dQ‘:omh@ﬂ’iih:ﬂ'lﬂhex':k4 @ihalepdes, called for each

]F%ﬂrrent the parity streamin turn. [0166] [0167]
o bot hi$&r | tl?cgﬁﬁﬁh%tedaf thit t redream e et chdengted ™ by

al g:rlthnlhas beeg ’LI ed f“jpr each of the t hree
°'§’égn€fﬂ’s TR .adar e"ef‘si'}urfC‘f“t}f‘ed”‘s’é’g-mﬁ ager WP RHE R’ b“‘éms”,pm,

ARl e o S e

of éﬁ@e t Qi N, Whelghbaof rows and columns are determined from:
osegLN, p, .., e, ' Xn. ng2, 1sXo. . 8221. .. Xo,, eg2. N, . rugx' Xgr

eg3. 1' Xaf eg3N,,,, =4 far IHQRAM and .N p + DI&OQPERe HARQ bi t
collection is achieved using a rectangul ar interl eaver
of size N,,, x AT.,. Thg,smwmperngof rows and col umms
are determ ned from

where Nauso is used.

[0170] Data is written into the interleaver column by column, and read out

of the interleaver column by column starting from the first column.
{0171} Nisys 1s the number of transmitted systematic bits. Intermediate

values Nr and N. are calculated using:

r

N = Nl\j"i‘
=l and N, =N, —-N_-N_.

col

[0172] If Ne=0 and N:> 0, the systematic bits are written into rows 1...N.
[0173] Otherwise systematic bits are written into rows 1...Nr+1 in the first
N columns and, if N> 0, also into rows 1...N; in the remaining Neor-INe columns.

[0174] The remaining space is filled with parity bits. The parity bits are

- written column wise into the remaining rows of the respective columns. Parity 1
- "and 2 bits are written in alternating order, starting with a parity 2 bitin the first-
-.available column with the lowest index number. If the two parity streams are of
unequal length, Parlty 1 and 2 bits shall be written alternately, again starting
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N.le = 4 for 16QAMand N.,, = 2 for QPSK N 1 = Nmu,
/ Nro" where Ndamis used. [0170] Data is witten into
the interleaver colum by columm, and read out of the

wol086dchfgver colum by colum starting fromt '
cofurm. [0171] Nesys is the nunber of transmpﬁr@gh%&%sm

systematic bits. Internediate values Nr and Ne are

wafl £hatesihi S thiend of the sBOdeMNparfiyNtreath, thdh the 298Bknin
i Jhﬁj)l?Z] FENe=0 and Ro 0 Y he syt s g raming

payiby hits fioamthenlongeroiteeam shall be writerg] ~ Ot her wi se

tie it | i pt 1. N +1 in th
(PR PN TS e B LR GRS it Yok Reb ol e
interleheerria rth? lt}i-cgag mts; -INeove _rz% ms’i Tow| ,_% %Mhe I&? crfgezl?ﬂ;mifageach
pace..| § T1 ed w ri, I1TS., e pari Its_are
R e kit aforread %p?f%ﬁ ipfezlepyersinihg g’?‘ﬂ?}‘\/@%@ﬁ e
[18pect | LGOIy thY rdte AQHNEPlskTe HRE rifitctl ko the
Wi parity rtin

Inalternating order, starting
sithatién inswhichvihe FiadtlsbagroH 8RS OHiratd thetdhiwgistiramgaxent it was

B L A R Y LT —
patiédiciopofihy rategaatehighidttdid and 3He MBRAR4BRAIASF of the turbo
P /U§2003/,038223 wth a parity 2 bit, until the end
erfiodeh el nspaticaiarp ity e sheweAhat o dhe tmebleakicneodg rates, the
AFEOMERTE s i ks
ingthe seeadpeitiondr pésttionntrithireawerdul7 pedod feldong evgrbents of

2 , 4..1n th f OPSK.f h
theo xpnehifer; sroRne todirsoReSns SementiFalet] Shgorberformgce
dre@atierMrisd FWRxaltBl fifEls e ek RAisRAN NS BhPfirdt REadeBkSiot

matching i ssue was restricted to the situation in
trgpsRareRhe first stage HS-DSCH rate matching is

spar gnty, | -1 hate £ 4.1
1900 St B SR MBS T gt e
theepatbelincoff posifionshef bis dhathohpagetpaéd iom andorigiaal stream.

«d.nher ent ri.odi cit f the turbo coder. | ]
Fpetiagg Bte’ is g_eégediﬁﬁ’gm%@ﬁa%mmcal et RS R RAR A Hits asgeen

purRtefed HibBositifsd (rhéisivé bMtHe WundtReA PobtResPird thal drBaA bit
of survivor (i.e. non punctured) bits he in the sane

Stb‘??;@"ti on or positions within a nodulo 7 period for

[0heR9 SeIPRRLS c&e of two-stage rate matching, puncturing that leads to

degradation may occur in two ways:

1) A pattern arising from bits punctured in the first stage only
2) A pattern arising from bits punctured after the second stage; this.
pattern is dependent upon both the first and second rate matching stages.
- [0179] - In order to avoid either of these puncturing mechanisms that cause
a performance degradation, the following methodology has been adopted:
{0180] In the first stage, test whether the puncturing will cause a
problematic puncturing pattern. This is achieved by evalﬁating an “implicit
duration” function, which predicts the length of periodicity in the puncturing

pattern. The first stage rate matching is enly adjusted if the calculated implicit
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t he unpunctured stream It has been denonstrated that
performance degradations arise via exactly the sane
mechani sm when the first stage is not transparent.

wo bddl/dgdind n the follow ng description, a "puncifniiesinssazs
pattern” is defined to be the pattern of positions o

bits that are punctured from an original stream

diRuiontindicaes BaicResdisy. 48 thiRedsd, ehdSmbhst bﬁﬁwgﬁs?&hréa‘in the
the nunber of bits between punctured bit poSitions
first parigssiyeara s ingreased slighdy, wolittin Sheyecond shreamrthginmatber

bl LOLABLeA TR, oh8 Ol Vs URGP Ao

pandaring ratesoinvbytl steasptd bedak ap irbdélol 7 Qayidlicky, whilst

unctuyred in the fifpst stage,only = 2) A pattern
et Hietoralomoval g Rupdioaél be e erwes The aalstimpat in the
Uit SriR@ bh R i bachdePRRASREaHd t e Ben il 'sSlal
psg:con rgt e1 naat?c}:lhi ng st ages.%n][i%sl%%l %nfg#gggéal_gmge\?gﬁéhe
codinghearfoymanie $e epdnsirerinnafiectedni sms t hat cause a

formapcg degragdati on, the f.ol | owi,ng net hogol o as
1038, St e SpRY Btre h comiorifa BRLEg Tapo L Ak eHeRm,
takhy D6 etcdihDeditisbineSBHHER puBCRRIRI Bt CaPNEF bt hiMthe first
pattern. This is achieved by evaluating an "inplicit

stagh Ealatedn dhp sAmpnpite Rupflagingrete eeachsgrdanyis compared
RGO G bl b T80t RIS B pa
aridnipdrice icoding Segvadations O6H hie A ThAGRAP@N3AB2E 8f a stream falls
tion indicat ity..ln thi , _th
withlsih e B PrEERLE aRl Arctiring A1Ee R R JoRk e am
[0182]i ncr epERGiny hektithyingMaidsHire bPplidBirS@RINS ﬁl’iﬁ?%ﬁetaﬂ% if

nunber is correspondingly decreased slightly.
thy punetmeingmedtern e thefirstishrgermidl legdibrea pesifergnangedtegiadation,
t t,rea K 7 i odl ci il st
on By G0 Dtk bupk 38 ok ulEL RchE' BPChdbna g8 rate
mAlehingd lo thivease, e bhmbepofidtapunetnredtie thafied phriof strbem is

treans i s _kept ficient mall to | eayve the’ ]
redugl iy B AR @me%a"@Wh%@s Arrahe ?fglﬁ%mmf@m}n the
setdhdishRafeic Onctea ATy thk e dR, PHOGENS LAY s E e fr such

each stream _taking into account adjustnents to the

2 phangeurhoigd rake place iisdbased wRont hecalpwlsted prvayueties, which
esBfatal e ShvertD6r t;tgmﬂétﬂ &F R GF Mrrb%sewﬁ{&h%%ﬂ] the same

stream s conpar
modulo 7 position in the unpunctured stream. This length becomes greater than

49 bits (i.e. 7 modulo 7 periods), then the adjustment to the lengths of the
‘streams is applied.
-{0183) The dithered puncturing algorithm may be applied to either or both

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

possible to have one or many switching points between the two puncturing rates
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with a | ook up table, which predicts rates at which
nmodul o-7 periodic patterns, and hence coding
degradations will arise. If the conposite rate of a
‘ alls wthin a range of problematic [
woig(fﬁﬁgqu};ng algorithmis applied. [0182] Di f?@ﬁ%“ﬁm&ﬁ
puncturing rates are applied in the two parity streans

within bRRCRYRGlUR. TheRAAL b bBintd ot Eﬁhcﬁ@&ﬁewe&famance,
lead to a performance degradation, or is |ike to

Iy
sizepthe ﬁa@l@on of the bifnsteeame fupeturest af eatch aatesis dudrpesitienfeof the
=K In.this case, the nunber of bits
pun ¥u{%%iﬂngl?gl$§rst parity streamis reduced by an
(BNt  ANHRafdberdlistwiichinggoftitg Relet of ol (55 tP6N Eledh Bk that

in the second streamis increased by the sane anount.

thFh Bupdured siream eansight oh dwo {ox threg) mmg:és gnouhightthiedfirst
dsés P p%gfhrﬁxgczfaalt%ﬁ:lailttﬁg SeCO\HPIU%QS a higher

sti mat es |nverse 0 eng runs
peorturing rats. ﬁﬁthnmwmsdguieﬁts ﬂ@nﬁhﬂ&omﬂxﬁn tloe Wwhphsefithe parity

sty & JUPEFEGB .t SR B 5 A dpRctoten ot o orsinal

reite] UM EQrhéiRt {59RGt RR0R] ahd Qllows THAPENdETIABRIKaESy th
[0183] The dfgtrliilereg punctﬁrlﬁg al gorlthm maybe apSI@?% ©

corpect antpunt of bigs tqmamtatm’életmrqﬂhpmnoyusng vales Bbfrbredd"gng the

oS0 S B A e 45T g e
mlahﬂﬂng h&oﬂthml a2l easﬂjﬂ e o withV¥dine mindrfRRametdrdMabiges.

ween WO cturl ates whil st appl yi.n
wﬁ% tur| '5 it c Wyerbrg bighes RURFHEIRG TAFS i Abe dirst
e%ﬁ:me@t bad l@h@&ﬁg’ihﬁ[’rdté Mlso Bet&esR il 10wet fmﬂ\ﬁﬁh tgri@ﬁéein the

nwtht eorlglnal algorithm GCenerically I
- segerd Sttﬁll@entcﬁrhhﬂ@ aignak hamhpﬁnsm te WA gThisi selestivetalloms for

ol ARG D9 Sn 298 MR 00H OR2M R o signiicant

chahgpon Béding sateot critical to the performance, since
fracti of the bit streamp tured at each rate

[0} 46} ndeptlh Jhp mejority ot cazptpEhe Hroditad EetergatsiRg algorithm

oplePdR4 lin Eﬂﬁctﬁutﬁbegaxﬂé nfitnkf 85 BoeRRiSH aeﬁﬁeds % the R8rity of

or t\NO) neani ng hat t he punct ured stream consi sts
0361*5 iy hicky elﬂ:hqﬂe'dl)e Bugwemeeondrstage c&tetmetchm&woukbmmp a

urj at t han t or t he

el BB RBE el A SR B ol e
Bathgot thase dodification® Wot nétoehatﬂga eobedyolof tthe Rae i tijtching

' stream athir seg is allowed at the end that is
prB e AL way, %@Fﬁ]&‘i’ rate matching parameters that are applied.
Furthermore, in an implementation, the modifications can be achieved with a

medification to the Rate Matching DSP software without affecting any other part

.

of the system.

[0187] The foregoing is a description of a preferred embodiment and
alternative solutions to providing detecting, avoiding/correcting problematic
Turbo code puncturing patterns. While this invention has been. particularly
shown and described with reference to preferred eimbodiments, it will be
understood by those skilled in the art that various changes in form and details
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L

rate. The third segnent is kept short, and allows for
puncturing exactly the correct anount of bits to
mai ntain the overall puncturing rate. By breaking the
wo BRibéx1st reaminto a | ow nunber of segnents jiptBii8038223
way, the original rate matching algorithmcan easily
be used with sone m nor paraneter changes. (0185] The
ay ffeermarie e hlepdinegithidtedépagtiap forciie sddge IdxtiBel idvbRBon as
dfingt segnent and the original rate, and al so between
¢56EPed figre Buring rate in the second segnent and
the original hassbeen set tox1/49.:. Thissselection
allows for problematic rates to be avoided in all
cases whilst not representing a significant change in
coding rate. (0186] In the majority of cases, the
nodi fied rate matching algorithm operates in exactly
the sane manner as previously defined. In the minority
of cases in which either the first or second stage
rate matching would lead to a perfornmance
degradation,” unequal length streans and/or dithering
are applied. Both of these nodifications do not
change -t he body of the rate matching procedure in any
way, but rather the rate matching paraneters that are
applied. Furthernore, in an inplenentation, the
nodi fi cati ons can be achieved with a nodification to
the Rate Matching DSP software wi thout affecting any
other part of the system (0187] The foregoing is a
description of a preferred enbodi nent and alternative
solutions to providing detecting, avoiding/correcting
probl emati c Turbo code puncturing patterns. Wile
this invention has been particularly shown and
described with reference to preferred enbodi nents, it
will be understood by those skilled in the art that
various changes in formand details -37 WO
2004/ 062113 PCT/ US2003/ 038223 may be nade therein
W t hout departing fromthe scope of the invention as
descri bed hereinabove. -38 1. o~52sn'::P .....i ', Y
rpl' ~ Vv
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is clained is:

- i | \hat
' &];zgﬁaﬁﬂﬂﬁg =8Pl ural Lty a

1. In a comunications system
f . at e _nat ching stages fo
i Aidiu tatEH par ity bit  JPEA/US

processing a pl"u'r“'é['ffi*":%/y i
_streans derived through puncturing a sel ected nunber

of bits, a method of avoiding problematic Turbo code
puncturing, patterns, the nethod conprising: (a)
Whﬁgfse?lﬁinl’!‘i"ﬂ’ézv\het her or not a desired code rate, used

t 0 1pr OCER & chidfunR@ition¥ S%g%?%?ﬁrﬁgﬁ?{ﬁ anglix%lhih? %fi rAtematching

probl emati ¢ puncturing

 stagpsdpr piesessingauplwralityrd ingtivideahparitybit stréamsd@jvedahrough

el [ t n er.,of bits. pynctured in ch of the
P par’%ﬁt% l"J\iral“l%%ecgi%rIéarnsf)r:?rb‘glf ITI%C Péﬁ%ﬁhﬁa it ‘“%HEETB’@S?%‘F&% T‘élq"’
code protturiag patterns, thé nidthodeshpysibpt St reans and
degr)e(?%iﬁg.-the nulg?ber of bits punctured in another
oneMtetPBining whethariorqot @odasired contp aate ued topragessi the
rity bitesteéding] @e& At [ l tured
P Jéﬁr' correction co%g?b%%%tgﬁ’%onséﬁg&eﬁ%@%ﬂ rst
ar

df aPrpblemajic punchringnpatteranmsalts éu step (g), adpusting the

| e ot i ified. and step .b) .
- munfie dobits ittulld &l dr 188 Ror? e S0em B, iheaging fbe
‘nuntberof bifsqumcttireRfinlnnesif the patibR bit €Feahs end desicHERE the

' omthe second group of P2 bjts, wherein the
n““%’tﬁz’f iﬂitf Hﬁn&é’f %cgub?mttﬁﬁr ‘IB% ‘Kjﬁbe paryy i’kt SAFeams- ased by
addi ng a nunber of non- punctured Pl bits to the first

group 2&? decreasi ng the nunber of non-punctured P2
bi f's i nthehEethed pf cgmub whereine degradetions in the quality of

pun%t%ﬂgl_cf]’ Ehet U&ﬁ&tﬁ#l &PE&; t Si(ﬁlstﬁh%iﬂ%¥ ifé'%;{%foug rog ggfityll

.. The method of clalm urther co
(P1) Atanmmbasteeend @raup MXRTtYEIRE bidd drd identified] Hhd s @)
using 7P 2J wherein | is the nunber

B % | r@ f bits Sr
f.uﬂ;o iﬁ{psr?saets' the input to each branch of rate matching

ar(t 1Paddin pemttirad bits writes firat ghdifp & PEPHs;RADI ts at

t t‘tg out put of rate matchi ngﬂ and

2) removing punctured bits from the second group of P2 bits, wherein the

puncturing rates of the P1 and P2 bits are biased by adding a number of non-
punctured P1 bits to the first group and decreasing the number of non-punctured
P2Ibits in the second group by the number of non-punctured P1 bits added to the

first group.

3. - The method of claim 2 further comprising:
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.L?(EE if 1 2) 72 <1-+ 21 21, calculate the bias A =
T

Llhervvl se set A=0. 172-11 2 2 r]P:EwUS

,,,,, SLWOR... 1.,

4. "The" rféthod of G al m#a i dHdrdihiHdn- punct uri ng
patterns with a period of 71V/ 2 cause degradation in
performance results and Sr is a whol 5. The
nmet hod ?S claim4 wherein the penNaﬂF?w Jbbe enpl oyed
whenevefC) detFraninine auraben ofbisuMasiog i ngt fer i%ddviefei is die

nu.xBSexbbtt Bitd 8t tMe 1?1th td ?a%haﬁrangﬁ of ragg %;ﬁ% in )%fig’ asnaaeot%gal

Sr respectively coRnTuni
llt rate tching. sta esfor
8 AL 10 P Bus b i prtPi i e gineaep
strea derlfF thro gh punctur| ng a sel ect ed nunber

of dTa nmglN aV Oi r emati ¢ Turbo code
pur(@tg (Prg) pa er_n§+t cr?l‘f"ﬂ %tgﬁ sing: (a)
adj usti ng the nunber f bits punctured in each ofthe
ari.ty bit streams by increasing the nunber of bits
un¢tured in one of the parity bit streans and

A= lgc easgi hg # hee nunper ofotﬁlIW“?ue{Eg5 uged i n anot her one

hm_plcrﬁty"blﬁ.; | dj usting the
un %/Egrate-{\ffr—l ch of the parity bit streans
403 AVENDED SHEET p ;0.152G 1WD, _ IPEANS . ...-.p
ml... A.... h.. '~ .'~ 7C . e~ e i~ L~

whil e ITB.I nt ai ni ng a constant overall effective coding
raje b |as uring rates. 7. The nethod
of&cl alyr ‘%e?ch@%’SBa& F‘?}H?W%%Wﬂynﬁmth a
peribdl € 1Y dca‘%{sEQ{ tio %%% transm ssk0ps, havin
a fi rst/Qgroup o %ga:tﬁ)tﬁyinlﬁer? qloce rgssl%aﬁd c’(?n%l whole
numpenup of parity 2 (P2) bits are identified, step (a)

further conprises: (al) adding punctured bits to the
first group of P1 bits; and (a2) renobving punctured

big.s THOREHM of 28R v LR tBE pgﬁo&)el. ] beaeq}gplts))tre%p w}gg)ever
the average non-puncturing period of P1 or P2 bits is within +1 or +% of 7R/2 for

even and odd N respectively.

6. In a communications 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, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) adjusting the number of bits punctured in each of the parity bit streams
by increasing the number of bits punctured in one of the parity bit streams and

decreasing the number of bits punctured in another one of the parity bit streams;
and |

(b) adjusting the puncturing rates of each of the parity bit streams
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e
L F
s

f¢$ conprises: (b 1) biasing the puncturing rates
FofP A9y —and R2_bits by adding a nunber of  IPEA/US
non- punct ured” PT=BFt =t'o *t Heldff LB "dr oup and
-decreasing the nunber of non- punctured P2 bits in the
whilecmaintginoug syondientvvieill effedtie- fidmes Hhed bl?lbilﬁkfn% the
pm?&g?% tgtthe first group. 8. The nethod of claim?7
Gr CNBI c?STrpri sing: 141+11 (c) determ ning a nunber
of bits Nusing L7P 2 wherein | is the nunber of bits
at ,}he Q‘F* ut to each branch of rate matching and P is
t he'*t ot el rofoglaion S mhergin degradationatint the qualilyt of
uRfturedt b68h hiksi Qe e A 4 2 -
P cal cul ?{dﬁ%&:@%g@bﬂ tﬁgﬂsélsﬁlégg?ﬁ%ﬂg afinst grqup of parity 1
(P13 bite apil aesecand groupf parity 2(R2)HtLare idéntified) dtepyEMEher
compridels! J-2-@26. 1WO |1 Cf V UaS 9. The nethod of
alm 8, wherein non-puncturing patterns with a period

of (ANQdAigppiartaRdatodol the firft @%{1& of PRBAS; &fPuUl ts and
kK i,s..a whol e nunber. 10. The nethod of claim?9

wh& A TFmPYIaE pupriyed bits fromethe speond gaouwidtodits; andetep (b)

furthiée e@gprif@n- puncturing period of P 1 or P2 bits is
withintl or *% of 79/2 for even and odd |

r e §pld biasing the punctusingnatteschf the PHend PP pitaby déding daiuinedns
fo ﬁgﬂﬁ@{ fr § error rrection code
T Ans mdsrtsftlygr%sb,l t g"lhr%e 1_6ﬁr°&‘8rPd’rqc ‘g'?_cﬁ?fsuf%ghq 'b‘é‘ﬁ_gf"f ofi nep-
pungtyred Wlb{lﬂsng thgti(écg:;nﬂ ggbup‘ Py wﬁ%bgﬁbp?@p&@{thfm?b%m
€1 ;. an adj usting a value for” anticipate
addggg?g}fatﬁsg?‘ﬁ“ﬁ' accordance with the matching of the
puncturing pattern and the particular code rate by

inﬁrea%g and decreasing the nunber of bits
* pufict urldty method of elaimyefysthericomipirising: r eans,  and

bi asing the particular code rate. [41 )

O TRo|A +_J
(c) determining a number of bits & using TP 2] wherein I is the

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

number of the P1 and P2 bits at the output of rate matching; and

. I TN N N
d fl__._‘ A KA :
(di 715 2 <1 2+[2J,ca1cu.latethezblas

A =| max ._HI___‘E , P f , otherwise setA=0.
TN-1 2 2 [ 7N+1
2 2
-41-
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: 212 The rret hod of claim 11 wherein degradations in the
. cﬂﬁﬁ pun Lured error correction coded
‘ tranﬁn S"gl ‘bhs I ‘kn"ﬁgpg{ ¥ i StlIGE BUB df parity 1 (Pl)IPEA”JS
bits and a second group of parity 2 (P2) bits are
| defht i f T, mathbdsifeaifbd, wheveih SonGR1HR p Ilas(‘mﬁ)a
addingléﬁgnctured bits to the first groupo bi t
peraggh of iamge degradationl ibi pesformmmce resudxcand] pgn@ upw(hf)le
bits; and (b3) biasing the puncturing rates of the

, m‘“ﬁ% “4nd P2 bits to avoid problematic puncturing
patterns by: (i) adding a nunber of non-punctured Pl

bit to 1tu‘he first group; and (ii) decreasing the
ovethndcef elan 92 whierein| thet pericsle cwitidbe grylgyed

A o RSO £ e e o

of Tt svegand od@ -V AMPNBIRRIFHEET N-141+1  (c)
determ ni ng a nunber of bi?s N using L7P 2 wherein |

is the nunber of bits at t he input to each branch of

rat I of the and
5 1 i 3Piaehiibing deerndafons i Rzl error
corneﬁﬂla) cedeﬂZrzms‘tmsNomi tBe Ineth&l €dthpdisin he bl as A= nmax |
et AO0. 2N22 2 2 7 2+1 14. The

Eefaﬁééeng} 24 ni uring paternapshapprRimates apartienlaeode

) rateg@dg to irrpl enment the error correction coded
transm ssions. 15. The method of claim 14 further

coti} Bdiysting g wglup &i‘rﬂﬂtiqpa’tgd degradation in pcmcdlam:e dv:th the
t
mate%?%? g?ﬁm%ﬂ&gmﬂ per i og pglx S&af go‘ge %3? hﬁ dgeasing
and si@meapmg:c 1&?:1 Wf%rmmmg n(ifr)espébtifvs Ip‘tdﬁitﬁ BRQflidaths,
0 e Tur and (e) usin e
and%ao%éf ee%alﬁ}fﬂl Lfﬁg? If€d bit patterns V\:?]I ch exhibit a

N
'

12.  The method of claim 11 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the puncturing rates of the P1 and P2 bits to avoid

problematic puncturing patterns by:

-

(1) adding a number of non-punctured P1 bits to the first group; and
(i1) decreasing the number of non-punctured P2 bits in the second
group by the number of non-punctured P1 bits added to the first group.

13.  The method of claim 12 further comprising:
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periodic characteristic to identify puncturing
patterns with degraded performance. 16. A nmethod of

i denti fying degradations in the quality of punctured
error correction coded transm ssions having a first
group of parity 1(P1l) bits and a second group of .
parity 2 (P2) bits, the nethod conpri |ng ) addi ng
punctured bits to the first group ofy _% Iblt -43 X90

261t _ic) dbiSrmirilg hGRRMIRGBHACYERS DI 1P rBMeen 7 is the
second group of P2 bits; and (c) i asing the

RisRfte bf Bils 59&%3111?{11: W@acﬁlb aIE’é E%tc%h?g%%ﬂfi S is the total

pr obl erratl C puncturing pat er ns

BHEFHJQE‘ Wf)i‘ﬂé ?ﬁthe ou*%I tt1tso 5gtetn h%tc%l 31 r OUp’

ang creas ng & nund ed P2

bits |n tthe secq gr up, by the nunber of
non- pd (kgﬁeﬂ _t__,% fdcﬁ"&ﬂ&t €hd biast group. 17.

The neth /8] « hlm 26 (fau er conprising: (d) using
Turbo code to inplenent the error correction coded

transm ssi ons. 18. The method of claim 17 further

conpr} simg: (e) identifyinyjwhen a non-punctured bit
pattern ¢f the H;a m ssiopp exhibits a periodic

c hdy zlovast;i dodgruisetset A=ger i od of a
sem -Jper {&dﬁ_d | r?pulzZ hse of recursive encoding
bl ockjs ofl the |Turbo odb and (fl using the
identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing
patterns with degraded perfornmance. 19. A nethod for
reduci ng degradations in quality of punctured error
correct c nsm ssi ons, the nethod conpri sing:
(a) idettifys GF?H@@%Q?@@MWGM@H&D@pprOX|nates

t | { th
pal aret Zr”sa%ﬁ%gt?‘?ﬁ%ﬁ@% i albR bRY P oormamdion coded

a transmissions.

15.  The method of claim 14 further comprising:

(d) identifying when a non-punctured bit pattern of the
iransmissions

exhibits a periodic characteristic, with a pericd equal to a period of a
semi-periodic itopulse response of recursive encoding blocks of the Turbo code;
and

(e) using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded
perfdrmance.

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

(a) adding punctured bits to the first group of P1 bits;
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L in the puncturing pattern and the particular
e

£t 178 by |ngr,ea.31 ng...and decreasi ng the nunbe gﬁ_fhms
bi'ts puncf Ur ed T re§p‘e‘bt"t el LI T Mbi t st reans, 1

bi asing the particular code rate. 20. The met hod of

cl a(mmﬁoﬁugtﬁmtmmﬂsﬁm the seténd %RJQ‘EW%E&&C)

det mn a_ca amtg/ V\Arelesstransmt and

rect P t‘*)\%ﬁ&“ rais Bher%l%%#% bitsite avoid prablematic
puaummmgﬁmu&msbye WI'RU; (d) usi ng puncturing to renove

sufficient hits to fit into the buffer; and (e)
adj ust i ﬁkj a&ﬂlwlmlbelmfmnﬂmetwed B4 bits tpthefigegroup; and

suffi ci L on._capabi it

provi di Egi a | rs ‘{ﬁﬁlﬁﬁera&fq Pglf lé’&épc# Qﬁﬂm%ﬁ{ﬁ"reﬁ@“‘l
eraupchypthevivgitey dmaqnmdtured P1ibitstadded 90 theHiadgreip.

puncturing. 21. The nmethod of claim 20, furt her

conprising: (f) increasing non-punctured bits in one

of Ihe fhestethodoeciant 159aRREr cothpdsing! PuUNcCt uring,

q ?ecreas ng nog%@unctured bits in another of the
i rd “%’E‘%g ofte &rplgment e cemor neprrechioneteyded

traﬂgl,ﬂj@gmg_ddl tional puncturing to one stage and
renoving it fromthe other stage. 22. The nethod of

claim?20 further conprising: (f) increasing

==

noRgpuUN ' LN first stage and decreasing
) no nrlB[o u n‘gt‘g %geghgél %’Fdf‘ﬁn (t‘lE 3“?@%??&1%1?535% 23. The nethod
S of (&)l dentifiing whenes roaNRiricRired bif bhttéRf b 83d Bhnsmissions

nct.ured the first stage and increasin
e"hﬁn‘g‘ﬁ’ pur?&f‘ﬁ?"édcﬁéliagt%rﬁ ‘Fhé"lﬁllbcﬁarmr@tigg@a 2&5 Hrlmrwlét gﬁ)d
senﬁ%eﬁodicﬁhﬁﬁlﬁéﬁésﬁ@ﬁse%@édr% an&iﬂ]% 'bmcﬁg loF 'g:\l/ A 'P?rbo code;

dgarlty bits before rate matc i ng oCturs,
andsypsequent |y de-interl eavi ng t he parlty blts t her eby

1.
o £ L8 the IR UG Hil S A BRI
periedicc ehatpctetistie bio nidbnijﬁit Ipﬁgmtlh&n@f bagbry ‘fvﬁﬁ degraded

rﬂ%laggl city of the puncturing pattern. 25.
COmTInI cat i ons system for avoi di ng probl ermtl c Turbo

code

19. A method for reducing degradations in quality of punctured error

corrected code transmissions, the method comprising:

| (a) identifying a puncturing pattern which approximates a particular code
} rate; and
(b) adjusting the parameters of the transmissions sufficiently to cause a
- mismatch in the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,
and biasing the particular code rate.

20.  The method of claim 19 further comprising:
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puncturing patterns, the system conprising: -45 |
;2,-0526 I WOy S IPMS (a) a plurality of rate

mat chi ng stages for processing a plurality of

i ndi vidual parity bit streanms; (b) neans for adjusting
the nunber of bits punctured in each stage of rate

mat chj ng; and_(c) neans for adJ usting the_nunber of

bi ts {SURETIRENDNG A caRacHY of aptiee ewtmr&nlf gngreqeryeynit p; ¢
SWITANE ideludifle bRt dishs this 4 T0FPortdd 1Y i1 WirRE;ur ed in

one of the parity bit streans and décreasin

nunbeld) singipuscivanettorenoyesuificienichits torfi ipto &@lﬁ&m ang
bit i E&H&n%&‘ﬂ' érﬁﬁ'cﬁ@e L{l? sé’&é‘&z(g{ {;{1]% shitcferlerf

probl enat’i C unc e sy sten1o
c@yredtion2s pabidity thedﬁégrmmdmms first llahfeutmﬁi“sttsj?agﬁ of puncturing
aﬁ& ctu&yd error.corr.ection ed %ransn155|ons havi ng
FRPU0SG 500 Eleinea seond Bhsgef PRRERAE. cocond
group of parity 2 (P2) bits are identified, the neans
for adjusting_the nunber of bits punctured i n-each of
the 3 ur dherpeldrodipf claitp H), durtber eamprisingt her
conpri si
Che f1 1 oo spsEatn e SRl B350 BUEGHE Bk i seoond
sqage of pumtub:fﬂgs ahd mrdewfm bits B2 ahbﬂ&rhef&h? first
ans sing the puncturing r the P
t%ﬁ pd Srond St%egedeﬁmw rigg: ¢ ?l?sba%ﬂﬁstaaﬁ Béa"flé’f%é“g to
b pFag | means for adding a
m&ﬂ&a@ Qﬁ&g%%h puﬁ%?ﬁﬁggﬁgﬁggTééﬁao the first group;
and (||) neans for decreasing the nunber of
non-Jyuncthred P2 . Dbj second. oup by the
i ok dethin St et b fEmE Shiete The r i e |
group.  2ff inckeasiay sloarpiictetedi Bisdh thie Hriestage GRAIdec@sing

NPP 41 1 = .
non-punctured bits in the second stage.

"-‘ .C:\
N

23.  The method of claim 20 further comprising:
() decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.

24. The method of claim 20 further comprising:
(f) interleaving parity bits before rate matching occurs; and
{(g) subsequently de-interleaving the parity bits, thereby avoiding a

need i
to periodica.lly sample the parity bits when performing periodic sampling in rate
matching, thereby mitigating the effect of the periodicity of the puncturing \J}
pattern.

25. A communications system for avoiding problematic Turbo code

puncturing patterns, the system comprising:
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(d rreans for determining a nunber of bits N using
“fv()&%ﬁﬂ .46/ AVENDED SHEET |-2-0526.1W0 | is the

538 i ts ERE o 7« iplit] TGP ERENFOr anch of rate IPEA/US

matching and Pis the total nunber of the P1 and P2
bi t(a) &l phitglifHbP Hﬁt@h&ftéﬂﬁg@h&& gﬂ p&@ssgﬁgg plglgihty of

alcul ating the bias A = max |
lndZ‘ﬁleaIJng)ltﬁtZemS,ZH 2l and (f) means for setting bi as

A Q) fnednd fxstm%)the mZmb%{J of I b1ts pﬁlgﬁ% & (Agtp % %g%n(;f rate

claimar, wherel n Ron: pURe ring
mabféwmgxdmdf 7N 2 cause degradatl on in performance

19 bdaRlito st find Be manben ol bits pupire) da. cach of the
plumeuye,vgantmt aotemsa ﬁi%fe K ndiEb I biRE pﬁﬁctB}e@{n drte

its.is wthin 1 or /2 for even and od

of the parityt hiyergamsand s&et‘é‘g&ﬁmﬂmumh@ ofpzts eummedamnnth@
oneIQ{fQBB PaRLY it SeieRthsC %ﬂ& bi ﬂ;échﬂa pé b a t]e of atp blematic

stem conpri si ng:
p 1ipg peftemages for processing a pl urallty of

i ndividual parity bit streans; (b) nmeans for adjusting
t he nunber of punctured bits in each of the parity
bi 26st r'Elaersydtym of claiai 250 whiegeil R4 dafonb ihStHRUGEA1M S6F

e of the arl ty.,bit streans and decrea3| ng the
P“"ﬁﬁ’rFB‘g PYIgF copreet %ﬁ?@@ﬁ transmissions basrng adirs o%mmy 1
(P1Pbits &hd Q¥BonEEdu

rat es of eacrllﬁ of Fhe [ n % ( 5 mﬁ)g?é ﬂﬁnﬁ%ﬁ?%ﬁ%@ﬁﬁ&ﬂm
adjygtingethegnypmbemefnbits pum:tslrwm @aeh of theeprmhtwef parity bit
streams further comprising:
(c1) means for adding punctured bits to the first group of P1 bits;

(¢2) means for removing punctured bits from the second group of P2 bits;

and
(¢3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:
(i) means for adding a number of non-punctured P1 bits to the first
group; and
(i) means for decreasing the number of non-punctured P2 bits in the

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

- 27.  The system of claim 26 further comprising:
47 1
+

7P 2

- (d) means for determining a number of bits & using [ J wherein
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AVENDED SHEET. 1-2-0520.1WO,..;fin h:C T.:.; . (PEA M

- 1-2:0526. g’% te.; 31. The s f clai i

g egdrRityate.: 31, The xnsﬁtmem_ﬂg cl ai m 30 wher ei n

L['“"‘diiegri‘tg | -ﬁa'%i’ﬁ's ----- 7 . o dquat #9596 [lmét ur ed error IPEA/US
.correction coded transni ssions having a first group of

I isphe ntinber of 119 atthle Sngitcto@asE BEAMELF P4kl :esitcﬂﬁ{gif 40 Bis the
or

(P2) bits are identified, wherein the neans
totaAuasticr 09 the i ' .ses: (bl)
means for adgil%%tg%?%%ﬁ#éﬁ?oﬁ %%ngférﬁgl{é’group of
Pl bits; and (b2) neans for fenpvi ng punctured bi}ts
fromthe second group of P2 bjts] and the neans fQr
bi egimﬂsrfermmhuﬁ'gmebﬁtseg,_ onpri ges: A clk) nmeans| (fier
bi asi ng the puncturing rates Ry R and2PT g3 It o
avoid problematic puncturing| pajftesmy, the bi %
nmeans including: (i) nmeans for addi ng“a nunbeéer of
non-pynctured Pl bits to the first ~.-. group; and
I(iiy ngV f pN |decreasi ng the nunmber of non-punctured
PRy 2t§?TﬁTTE§J’§E‘iond group by the nunber of
non- punct ure | bits added to the first group. 32.
The system of claim 31 further conprising: N=I2J (d)
meagns for.detgrmnin mber ofylbi t v Vaulsi ng PP J
whet Bepns forse b‘ﬁﬁgﬁj} ﬂgmﬁlr‘r‘f+tgp t to each
branch of rate matching a i s the otalH nunber of

r

)
the Pl _and P2 bits at the output of rate matching; (e)
meg‘chs fide systenyiohclajg 4% avhsrein mon-pungjuting@ patterns with 7

Feﬁi‘&ék.ﬂéﬁa S‘f?qg%ﬁ%gr%%@l%? smsance resalts and & is o whole

number,

29. . The system of claim 28 wherein the periods will be employed

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

of Tﬁ/Z for even and odd N respectively.

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

(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of punctured bits in each of the parity
bit streams by increasing the number of bits punctured in one of the parity bit
streams and decreasing the number of bits punctured in another one of the parity
bit streams; and

(¢) means for biasing the puncturing rates of each of the individual parity

bit streams while maintaining a constant overall effective
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. (f) rreansfor setting bias A=0if I 7N>1- N+ N

. EII; -Iogﬂﬂ'g |..2 ‘L2, 33. The system of claim 32, wherein

F & eir-i ngﬂ?bra‘tat'e? RS I rperigod of 7N/ 2 caug
~degradation in performance results and Nis a whole
NURbGhg r3fe. The system of claim 33 wherein the periods

wi | be enpl oyed whenever the average non-puncturing
period of Pl or P2 bits is within 1 or Ih of 7N 2 for
ev an pect 35. A conmunj cations,

oy Sem T8 eteth of SARE' B SRkt deedaititpiorm B Gpality; of

puncttmed cetmre:drmtloni c&d!aﬂrteﬁsmils@ﬁﬁ Rélving EH‘ﬁi‘Et%?dlﬂﬂﬁ' pak#if 1
em co [ neans_for identify

(Plfjﬁ 9?1 i of) PRFitR 3 (P3) bititase identified, Mherein the
rﬁdj&ﬁtmé'tﬂe bBbER 8wl Bhreddli X gg%gsval ue for

ant|C| pat ed degradation in accor Wwth the

ki imgangrfor p lpa rmmgﬁure@bﬁam amﬁmu @roupeofiBk bits; andr

glogkgz %3‘%‘??3?‘% nr pecPfé\gigLIgsgtc in? t"@? g@;ﬂgﬁ%ﬁi&&
andmh@immstfhﬁbwﬁmgﬁhblpmgcirmirg mftesacqmlﬁ:bd;eenat iC
e Hiep e FR inhR o papebing Fates ah e P LARE PGS bo avo

pmhiemaaemeaﬁmgega&mssmeﬁmﬂén{%@ﬂcladﬁf gf st group of
parity (P1) bits and a second group of par|t 2

PN (P2) bi(g)@% fonaddingagimmberof peamuncored &'djmettpnlgeﬁrst

s layg for anticipated degradation further conprising:
L}%I) means for adding punctured bits to the first
group dii) m_eans fcg'deémaemgﬁmmmm&am-\pun@umdtz biteidh the

T TR NN

to av0| d probl errati C puncturing patterns, the biasing
| cludin -49 AVENDED SHEET WO 2004/ 062113
Y§4eD 9 elapm 31 further eypprisi@ghg a nunber of

non punctured P1 bits to the first grogp!- 1

= e —
- (&) means for determining a number of bits N using P 2J wherein
I is the number of bits at the input to each branch of rate matching and P is the

- total number of the P1 and P2 bits at the output of rate matching;

) (e) means for calculating the bias 4 _| maxd—L L
‘ v 2

I N

—<1—£+[£J;and
2 2

(P/2) 2
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and (ii) nmeans for decreasing the nunber of
—24@5@6?dWi0tured P2 bits in the second group by the

il bt “inon- BEBE Hr e PLI B ESrAdded to the fi rsf
group 37. The systemof claim 36 further conprr sr ng:

R=[7P 2 (c) means for dehgrmnrn anu of bits N

US () IneMMBTEY sbttihg biasineo R N e input to
each branch of rate matchi glath |s Izh 2 ot al

nunber of the Pl and P2 bits at the outpu rate

tsghi hi a
SR Ea b sl ol 1?3("?2’?5‘ "
peribllof (8)2 mdég&adﬂﬁd i @ePoAfiaticerddults dnldP¥2)is a whale
1- 2 +1 | . 2 38. The system of claim 35 further

nurgbgtpri si ng: (c) rreans for using Turbo code to
i npl ement the error correction coded transm ssions.
39. The system of claim 38 further conprising: (d)
neams f oFhé dpstbinf ¥ AGINMIINWRCRIAtBY rj:rema@ %iflli Be BRDIdYE

h @tetransm ssions exhibits eriodic
whelex ot fhe s GHEe oA A R PPOR L RieT RObs frorithin 1 or 4

of T L o dd RSB RIS 060" 0 e 5 oo | PEVE

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

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting a value for anticipated degradation in accordance
with the matching of the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the puncturing rate of a problematic puncturing pattern.

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

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;
and

(b3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:
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c, q, (e) neans for using the identified non-punctured
bit patterns which exhibit a periodic characteristic
to identify puncturing patterns wth degraded

woﬁgl 6? nce. 40. A communications systemfor :

entitying degradations in the quality of PAUEY20048223

error correction coded transm ssions having a first
group Of(l)%édﬂs\fmladcﬁlgé)a RirhBePi%od- %Bﬂ'gd P1Rits t%fthe first
parity 2 (P2 e system conprising ﬂa nmeans
f or g&e ng punctured bits to the first group of P1
nQlts (b) nmeans for renoving punctured bits fromthe
Second group of P2.bits; and (c) neans for biasing

the PUNGii)HnieRs foR H86reRtink e Eénﬁ&dofﬁgn-@uhéhﬁ@d PYPitd inthe

prqobl emati c puncturing patterns, the biasing neans
Seq0ﬁé IEtiesmby the yumbenef nosr-puktine B hitstaddedto the first group.
non-punctured P 1 bits to the first group; and (ii)
means for decreasing the nunber of non-punctured P2
bi t&7.i n THesysiear oficlaiyn GBfubthet bemprisigr of
non-punctured Pl bits added to the first group.
The system of claim40 further conprising: (d)*nﬁaﬁ% J
for usi SHROF R r orredU?oa
coded p?§%3n1sg?gggwh52hﬂ¥%§'sysféﬁ?ggjgﬁgué%
further“ﬁgggr|3|ng (e) neans for identifying mhen a
non- puncturea bit pattern of the transm ssions
7 i bits a.periodic, characterjstic, mnth a period
15&3‘8 Rumhgr of E'é? phthegppul te lﬁféflfﬂb@lf rate gtckingradRinthe
recurS|ve encodi ng bl ocks of the Turbo code; and
tOt%lfI}“Iﬁ%%r the PLand 2 gﬁ@ af lomontoius of rada Tpataling: ed bi t

patterns which exhibit a periodic characteristic to

i denti f {dpunct meang patt énns wi chalcdkdingded  the bias
performance. -51- AVMENDED SHEET |.2-0526.1W) ..11 cr
Cra-,:ul...{. If AV val ‘

A=|maxj—t -2 P L
IN=-1}1 2 2 |7IN+1
2 2

| 1 8| & &

v
[y
|
!

I N 1\?+N
(Pi2) 2 2 )

(e) means for sethng biasA=0 if

88.  The system of claim 85 further comprising:
{¢) means for using Turbo code to implement the error correction

coded transmissions.

39.  The system of claim 38 further comprising:
(d) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turho code;

and
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. o111 x.Lr. L. DL r{.....
) gmyqz‘oﬁ %ﬁr A cormum cations syst em for redu0| ng IPENUS

degradatl R gt ] -ty SO 3, phrtEldded error corrected
code transm ssions, the systemconprising: (a) neans

f or (¢) terans fori wring thidentified GoRPubBfuRedBitSatterns which
OXI nat.es, a [tJCU| ar code rate; and (b) neans

aan‘a if ﬁﬁaﬁaﬁ fﬁéwéﬁé@%% drnchuing patterns stithhdegraded
peﬁuﬁﬁaﬁdeently to cause a msmatch in the puncturing
pattern and the particular code rate by increasing
and decreasing the nunber of bits punctured in

LZ?‘%‘?EH ! Rt vyl 7 B e At Rnidonatn the quality

of punctyned ewnpmrrectlcgn cofled tramamssiodis HAQIRY A kst BEoud of parity 1

of a,wire S Ir mit.and receive unit
®HMRIS Foodi FrayRipraty SUB2hbihdbe srbomopurisiat: by
t he(a)¥hiebhs foit)addBfsurc@hiredS ve
f{) ient bits to fit li-nt 3&0&%%&%‘8%%{;8&?&? nmeans
f o ja'@]eﬁ%’i for gemavingarumctured ditsifoome thosarend grquposf| Ribits:
andsuffl cient error correction capability, thereby
prow ding a first rate in a first stage of puncturing
ande) g@%mscfphglaaumhenmmmmgf ratlas sftheri ﬁﬁdﬂBﬁ bls to avoid
y m of claim44, [t her
proB}éBi:att ‘ﬂ}g'tm? i R AR ) rfBFll 3t ur ed

conpr i
bits i n(ipmeand fdr laddfdgfesﬁurﬁbéhgﬁ‘ RADuntBERA P 19890 tBE first

mgﬁfncturl ng, and decreasi ng non-punctured bits in
gr er of the first stage and second stage of

punct ur if) theahnt e5rHe¥r Y

e, st o e R U Rernie P A 930 pe G DB e
secopdegreyp b the nusiber of don-punetiveed Pdbjtsiadied to {He)firee ghsip.

for increasing non-punctured bits in the first stage

and decreasing non-punctured bits in the second
st 4be. %syﬁhmnaydhamwfuﬂmrmﬁﬂn&mgt her conpri sing:

- 52 JAVENDED SHE for decreasing
noh- punctdpP EBSWFE“%H CPTEE‘;‘? Ipplement the grrar covreetiorseatigd
tranzafisgieiact ured bits in the second stage.

42. The system of claim 41 further comprising:

(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

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

performance.
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48. The system of claim44 further conprising: (f)
|nterleaV|ng parity bits before rate IPEA/US

+ 12052651 W
Lot -C 7 ﬁd» Jodelndi 1 @8 ( @irnpapst fgnapubsequent |y

de-interleaving the parity bits, thereby avoi ding a

B:E%oﬁ ?n‘ﬁg&%gﬂng |t{(:0¥s §g§8+uet‘o} Q?%&;ﬂaé by, {l%ﬁ?l}? o0 Muality of
pupeigrederror m!g@:tted]gﬂdelteammmfthé sgstpmrdontiriirigy Of

th Ya) RHARE lflcrorI 1ﬁgnt‘%€rutxgear1 Bunct)(mng pattern which approximates a
particular code rate; and

(b) means for adjusting the parameters of the transmissions sufficiently to

cause a mismatch in the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the particular code rate.

44.  The system of claim 43 further comprising:

(c) means for determining a capacity of a wireless transmit and receive
unit (WI'RU), including buffer sizes that are supported by the WTRU;

(d) means for using puncturing to remove sufficient bits to fit into the
buffer; and

(e) means for adjusting an overall code rate so as to provide sufficient
error correction capability, thereby providing a first rate in a first stage of

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

45.  The system of claim 44, further comprising:

(f) means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the
first stage and second stage of puncturing, thereby adding additional puncturing

to one stage and removing it from the other stage.
46.  The system of claim 44 further comprising:
() means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.

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

Increasing non-punctured bits in the second stage.

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