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BACKGROUND
L Field
[0002] The following description relates generally to wireless communications,
and more particularly to utilizing circular buffer based rate matching for transferring

data in a wireless communication system.

I1. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication; for instance, voice and/or data can be provided via such
wircless communication systems. A typical wireless communication system, or
network, can provide multiple users access to one or more shared resources (e.g.,
bandwidth, transmit power, ...). For instance, a system can use a variety of multiple
access techniques such as Frequency Division Multiplexing (FDM), Time Division
Multiplexing (TDM), Code Division Multiplexing (CDM), Orthogonal Frequency
Division Multiplexing (OFDM), and others.

[0004] Generally, wireless multiple-access communication systems can

simultaneously support communication for multiple access terminals. Each access
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apparatus is able to send upon the channel. Pursuant to another illustration, the number

of coded bLits can be less than the number of bits that the wireless communication



SUMVARY [ 0008] The followi ng presents a sinplified summary of one or
nore enbodi ments in order to provide a basic understandi ng of such
enbodi mentwo 20BitsissUNMMArY IS Nnot an extensive overvi ewpQt/uatos/n6784
cont enpl at ed enbodi nents, and is intended to neither idcntify key or
critical elenments of all enbodi nents3nor delineate the scope of any
or all enbodinents. Its sole purpose is to present sonme concepts of
one or nore enbodinents in a sinplified formas a prelude to the nore
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can vary 0 ahage nShEGWedfis DU CET B SR uodh MRl STZR 85 pek L
Accor di ngﬁ y, wheh ho al' I”"8ata ¥ oma tPansSo f"%5Voct dfaPor éII]’P%rray
of cCi r culv@en kef fuetter 6Btvdbé bitd BnpickinedeipBHIbitsl{e g bavad @bon Eaghl being
circular buffer fromthe, array ca ransm.t a ion of bjts that is
o opor 11 Tt e Sbe oo e G2 ohs Ao Bl Sk b Preraslhs emis
associ at gl LROHAL BlrosK st upichdeUamRiendd R6%) thalrUi bigy SRR, trdni@itRdnber

of bits transmtted fromeach circular buffer can be constrained by
an aggr efame Hedyaelesorcommnuiiation| APPAFEHS ipen aRerferamng erafey rpdieling.

constrai j i pl ] r the
t ranspor ?'% &%@ﬁ%f%g%%c gécﬂg&t (%g(reespéﬁ %drg%g%gég}%%g?aa@r?gtﬁﬁb%&fh t
faci | i t aheweveataen ratehplhgtadrand primeslyastsndunfoumirspirt omnesiulopiesng. i s
descr i beg herel0. wEhecJELhot, oan hel wde populati fge sagh hisular

buf fer i ACaR SPFaosT CEIPELAY MBS TR B LY e Yo SR ST ed
E od tehbl O@ﬂta%ésr (ﬁf_hjzhﬁhc?ﬁhg of reeddobbnt Eif»cglmsbxh hlg:)ﬁﬂ@samro_anﬁpcbﬁeéfuhltmc k.
urt her, e.nmet hod, can conprise. obtaining a transni.ssion bu

def i ni ng “¥APGHH DS Mt HBEM Sl SRSTHGE SR STEREIR 4 TGS R BRPH Dlock
circul ar chibd EmehtBd e el bitks MO BONEY sizckhe nmethod can i ncl ude
conputing a respective buffer budget defining a nunber of the bits to
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aspect relates to a wireless communi cati ons apparatus that . . .
buffer and transmitted over a channel. Each circular buffer can vary in size in
proportion to a size of the associated code block. Therefore, since in certain operating

environments code blocks for a transport block can vary in size, circular buffers can



enabl es enpl oying rate matching in a wirel ess comuni cation
environment. The wirel ess comruni cati ons apparatus can include neans
for popul aybnRehsashd cul ar buffer with data from an asseegiraksfssRos:
bl ock of a transport block. Further, the wireless 5 conmunications
apparatus can include nmeans defi ni ngd4an aggregate anmount of data to
be transmtted for the transport block. Mreover, the wreless
communi cati ons apparatus can conprise neans for cal cul ating an anount
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illustrat,ve, aspects . qof .the,o r.nore di ments. These aspects
ore 't nd, SR RS RBodpionFag e & rlRetr SRR vari ous vaye i n whi ch
the pringsguips of Nasth@UspeFFDREIRED!S wiRksd CotfiphioMRMs aPpark®l® The
described_eg?odinents are intended to include all such aspects and
their eqifi'V¥ S FPERMUNEaEORSEAPPERRESREAPTINENIOR MERODRAAF Neigins instructions

related to storing bits from a code block to an associated circular buffer for each code
block in a set of code blocks composing a transport block, accessing a transmission
budget defining an aggregate number of bits to be transmitted from all circular buffers,
and determining a respective buffer budget describing a number of the bits to transmit
from the associated circular buffer, the respective buffer budget accounts for a fraction
of the transmission budget and is a function of a size of the associated circular buffer.
Further, the wireless communications apparatus can include a processor, coupled to the
memory, configured to execute the instructions retained in the memory.

[0012] Yet another aspect relates to a wircless communications apparatus that
enables employing rate matching in a wireless communication environment. The
wireless communications apparatus can include means for populating a circular buffer

with data from an associated code block of a transport block. Further, the wireless



[0016]FIG 1 is an illustration of a wirel ess conmuni cati on systemin
accordance with various aspects set forth herein. [0017]FIG 2 is an

11 ustrat ivagafbnfgacexanpl e system that performs rate npe&ghbigsnssrss
utilizing circular buffer based algorithms in a wireless

comuni cation environnent. [0018]FIGs 3 is an illustration of an
exanpl e schematic for enploying a circular buffer based rate matching
algorithm [O0019]FIG 4 is an illustration of an exanpl e net hodol ogy

that facidhhehiesiondh Fﬁ)aﬁ*ﬁ&§&nﬂgclh& ReMsIRERBE o6 QEBMPIHE ahb@R of data to
environnment. [0020]FIG 5 is an_illustration of "an exanpl e

net hodol bgyfratnﬁatﬂefi af@i | the diaaspast dlaskentMAPYPrt Msatiralgsss pomeHBIcHEons; t s
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conmuni cal%l on envi ronment I's an 1l lTustration
exanpl e tietdusdipl dyifert dtaordingctol 4 siat e thengiicolpi hgfferatcktivate bihageiusialg a
circul ar ffer in a wireless comuni cation environnment. [0022]FIG 7
Is an il Pﬁfgﬁatl on of an exanpl e nethodol ogy that facilitates

[0013] Still another aspect relates to a machine-readable medium having stored

thereon machine-executable instructions for associating each code block of a transport
block with a circular buffer in an array of circular buffers; populating a circular buffer in
an array of circular buffers with bits from an associated code block; determining a
transmission budget defining an aggregate number of bits to be transmitted from all
circular buffers in the array; and computing a buffer budget defining a number of the
bits to transmit from the circular buffer recursively for each circular buffer in the array,
the buffer budget accounting for a percentage of the transmission budget and is
proportional to a size of the circular buffer.

[0014] In accordance with another aspect, an apparatus in a wireless
communication system can include a processor, wherein the processor can be
configured to store information included in a code block to an associated circular buffer
for each code block of a transport block. Further, the processor can be adapted to
configure a transmission budget that defines an aggregate number of Dbits to be
transmitted from all code blocks. Moreover, the processor can be configured to
determine a block budget that defines a number of the bits to transmit from the code
block, the block budget accounts for a portion of the transmission budget and is a
function of a size of the code block relative to other code blocks in the transport block.
[0015] To the accomplishment of the foregoing and related ends, the one or
more embodiments comprise the features hereinafter fully described and particularly
pointed out in the claims. The following description and the annexed drawings set forth
in detail certain illustrative aspects of the one or more cmbodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments can be employed and the described embodiments are intended to include

all such aspects and their equivalents.



enploying rate matching in a wirel ess comuni cation environnment with
mul tipl e code block sizes for a transport block. [0023]FIG 8 is an

il lustrat Wzdag/l%@mexarrpl e access termnal that facilibad®82008066784
perform ng circular buffer based rate matching in a wireless

comuni cation system [0024]FIG 9 ig an illustration of an exanple
systemthat facilitates performng circular buffer based rate
matching in a wrel ess communi cation environnent. [0025]FIG 10 is

an illustration of agEFPESCIMPRIGSDINMPIIOHKASINGESNENt that can
be enpl oyed in conjunction wth the various systens and net hods
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system t hat nabl %l ng. Lal 8 fmic Chl ng in a wrel ess
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for purpesg8mn@enexpl anati on, nuner ous specific details are set
[0018] FIG. 3 is an illustration of an example schematic for employing a circular
buffer based rate matching algorithm.
[0019] FIG. 4 is an illustration of an example methodology that facilitates rate
matching in a wireless communication environment.
[0020] FIG. 5 is an illustration of an example methodology that facilitates
preferentially treating systematic bits in connection with circular buffer based rate
matching in a wireless communication environment,
[0021] FIG. 6 is an illustration of an example methodology that facilitates
employing rate matching using a circular buffer in a wireless communication
environment.
[0022] FIG. 7 is an illustration of an example methodology that facilitates
employing rate matching in a wireless communication environment with multiple code
block sizes for a transport block.
[0023] FIG. 8 is an illustration of an example access terminal that facilitates
performing circular buffer based rate matching in a wireless communication system.
[0024] FIG. 9 is an illustration of an example system that facilitates performing
circular buffer based rate matching in a wireless communication environment.
[0025] FIG. 10 is an illustration of an example wireless network environment
that can be employed in conjunction with the various systems and methods described
herein.
[0026] FIG. 11 is an illustration of an example system that cnables cmploying

rate matching in a wireless communication environment.

DETAILED DESCRIPTION
[0027] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the

following description, for purposes of explanation, numerous specific details are set



7 forth in order to provide a thorough understandi ng of one or nore
enbodi nents. It may be evident, however, that such enbodi nent(s) may
be practi ¢eglagpkhdigit these specific details. In other ppsldReHSe7s4
wel | - known structures and devices are shown in block diagramformin
order to facilitate describing one of nore enbodi ments. [0028] As used
in this application, the terns "conponent,"” "nodule," "system" and
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handhel d refeste pedchwod sughws fire kesgslanenwigle & isgnaldeyyaigi doe toy moso Agge Pigkgts

devi ce, or _other. processin evi .con i.r.el

Mor eover ?e'%'a?i %}g Gf%o?%ﬁgeogoﬁnn%o%? rg[ Hétf ga%%g&%’? ﬁgaé%ﬂﬁlle%é& r?\ﬂlér%q% %ﬁ?\ceac g{l&w th
a base stdatrtaied sstoms enddadckan ag@tvdrle sudhi dsi the dhtéraet witlnmbhar Satemsdywi t h
access term %l(sg)ng nd can also be referred to as an access point,
Node B, @f%d’g ot 1glms ot her term nol ogy. [0030] Moreover, various
aspects qgo2opat ur epudlREGHlD e idue iR dBitDae | JERIBIE HeRth as céhnBidaod,
apparatus, or article of manufacture using standard 8 programm ng

and/ or enyihrieiceesyterBERhi AuresessTHBIRaS £3R 218 g @fled dpysiram SYReETRer gnitas
used her glifhelifer! SLRAISMIE SRGATARDRe AehRAP Ut PEABIARAARELSRbR

fromany conputer-rea e device, carrier, or nedia. For exanple,
conput er deeiaglalstrgementil stemeinali wotlesseommungnaiomdevide, nicr egbnt, oiseredgHise. ¢

storage devices (e. rq.di y. di sk, i ri

etc.), oflitedl yfeTed {%f)é . ?*%%%55%%?@2 I?'“"? ?‘}%;S‘ Cegug%??‘%+p%8ﬁeér’ S fotlessyi o)
(DVD), ettglephonsnarSessi@r fisitiatmndPiotoash (STEphyned avivirelssy Begl. loofrRRAMNL)
card, stick, key drive, .etc.).. Additionally, riqus storage nedia
descri be&taﬁ@f"eianp?:ré?'ljafe‘ﬁg'@ie%’ﬁ“sﬁﬁte (beg’mae}{mé%‘g]ée VApfy/MGYIng faFless
nmachi ne- readhalbe capdiiay,f Qinpatify idBecd, Hrafth@t hrotbssid Qctied Fonnected to a
"machi ne-r eadabl e nmedi unt’ can 1 nclude, w thout bel nghl imted to,

Wi r el ess Verekash arogenn MY S EAIouR MbAEEICAS @ah dercabast hesgipin fejmection

cont ai ni ngy, Qrbqgeolgztlagcﬁ{ ;w g%eiﬁﬁl?)ﬁ%ﬁilﬁnﬁtﬁaze@@&{ &fmrﬁ@ﬁi@ating [\%gtggrc]cess

Referring now t , W rel ess conmuni cation systenrl I'S
i |1 ust r attethinal(shewbeatanee bovirefbrradatoi ssum @t dioingnNedpBe spdedothssnesi n.
System 109h CQ%H ses a base station 102 that can include nultiple
Oucr WCImMInoiogy.
[0030] Moreover, various aspects or features described herein can be

implemented as a method, apparatus, or article of manufacture using standard



such as access termnal 116 and access termnal 122; however, it is
to be appreciated that base station 102 can comrunicate with

subst ant i g4 Yoog¥iciurber of access termnals simlar t@-pg8R%Suss7s4
termnals 116 and 122. Access termnals 116 and 122 can ﬁ ﬁ?
exanpl e, cellular phones, smart phongs, |aptops, handheld

comuni cati on devi ces, handhel d conputing devices, satellite radios,
gl obal positioning systens, PDAs, and/or any other suitable device
for CO”“BHJEQ&hB@aRM@fmﬁ%&@ﬁ édﬁﬂﬂﬁynT&@khﬁ“m%Mﬁ%@HhﬂQﬁmu@ﬁasumﬂ
depi cted, access termnal 116 1s in conmunication wth antennas 112
and 114, heuierie inlendadniasentampasnd cRIputer FIABRIT acprSEPleeTdro ANy GompYes s
ternlnal r in

nccese t SPRIENhaE cufial® el Fol Hurlle B et Tl b B il A 0

t erm nal bi2fe inst limitedtomagreat isoragel dehicanteeniasd ABK, Goppy Mk, ma/gmne

ant ennas 104 and 106 tr mt infor to a cess.

over Tt O R AR SieRa TG el TR Pk B Soits sk LTDD et o
122 over gpatt @¥RESEnd FBdh Adory Beviceh r(@GYSETROMI Chrdl ifckd Wy ehivé, Fiab).
system forward I|nk 118 can utilize a _different frequency band t han

that useddpijiopdiieivadous .smagfznﬁdwatﬁfacml@fi\ham $AARPTESERL QNEPTARATE é9v1%?8
differ entam%te ﬁﬂi@xn RN %aﬁﬁﬂé‘ ohddfl £ rHEErH?éeﬂf a{u;‘ﬁ’ eFS€ thind Kmbdfine-f O
exanpl e. Furt Inatine division d system forward

| i nk 118redeble ewdiug® dah rikcludROwehout dpbmglhzreted t@,omdtsswhecpabmesi vhamd and

forward | jn [ | i I gquency
band. [08%@ %ﬁcégggC%%%nﬁﬁfom%§ﬂééggf e géggaﬁhaaﬁgmﬁg%ﬁey are
desi gnat ¢ah3tp connnﬁ&ﬁa@emaanobEgratarmedk%pca&nmn&emho@wmﬁnbnmem
station 2, For. exanpl e, antenna gr s can be designed to0

communi ¢ ARBITEES de GLERUIEE A flalEio W CBERGE BTG BEds SHVEP by
base st akblﬁPns’LeQ% babd QAT Shat ERNnOMES muRIp IR Eflernla ¢Supd 1 ForBghndpld,

the transmitting antennas of base station 102 can utilize beanfornlng
to i nproPBe SPGRAZA SKoyP fen daclpdy prserses flEHaad ol 0bi ﬁmhcrmmahaamgmme
access t ghnahts 1161 ANdnd A2adoblisi o s A6 ShabLONLAA 1k I
beanfonning to transmt to access % nal s and 122 scattere

r andoni y antarmous gte il nstassidon sick dntcmm@rcagae ho‘amesmort: er femendrgenings can be

nei ghbor an_be S erfer n red to
2 base st laror Fuchodty) B Fiba R S AbORULARARES: BnfaRpEH
access t eﬁdnanad:eﬁver [&&34]3&&5& whialt ican mlﬁfm campﬁmsa tperr:rtitymlf c&ﬂnﬁoneamcUor
access term nal E can be a transm %ﬁﬁaﬁréless comuni %@i on
appar at uéssélﬁl&%rw& r gLy ARy istony ed g & BiPcappar dat AUrSq

gi ven ti mRiuplbess, semdinsofiatamultipRxdrs,dnsdinbd, 1R, We wlleésappremated by
communi cati on appar atus can encode data for transfer.

partlculaﬁ¢9“HQ éfQQ%hsn1tt|ng Wi rel ess conmuni cati on apparatus can
have (e. ge”er aBfse @ bﬁ' b2 ER @l aEEe@RIHXme or': n)lor@ 2GS FrRidATber
of infor t| n bits to sent over a channel to the receiving

W rel ess smdsmmmmmnnsépi@éraad ascesSigohinalnf23y ﬂtawsm ibiigt @ IEaappbfelated

i ncl uded atr o} of d ity

bl ocks)  ¢hik Pt PR oIk Shrd S Bl SRE P syP i b k' B ARY
Furt her, t@&ﬁz{ais)sfmﬁlbnemcafzd@s Idranirads Emﬂdelmncem:tesi tbymitidle 116 amb A2 ¢anng
mﬁreless co ni ca thgé%atus usin grbo code, encoder (nhot

shown) . ‘Pﬁe YurisgP ghesc AR Ut B?5= FPRTe odREel) GRR™PBFA A Ch

of the cee@ch apksnddREbeshd REViEdkO satdiie: ensadedotdl gkSsiomul PiikRE by
the turbo code encoder can each include three el enents: systematic
bits, paPRAp, 1ami/ers, anancptisar iseijeble bgwce [feossqrrpﬁem@&tmgs Vet i wieless

i rel ess cFARMRL A1 RnPRB2VAISILAEIR M 14 € Ml flonhARCT
rate matching al gori't hm t hat or si Ication as conpared to
convent i enghnasedl@namguéld, (veheg: antevram 1ilB etnﬂellﬁrEQEnBuemfﬁrmnmrt iph@cssode
bl ocks art]éjrrmna? 116 over a forward link 118 and receive information from access terminal 116

over a reverse link 120. Moreover, access terminal 122 is in communication with

antennas 104 and 106, where antennas 104 and 106 transmit information to access



transport bl ocks). Moire particularly, circular buffer based rate

mat chi ng can be effectuated by the transmtting wreless

conmmuni caty tus collecting systematic bits of .

bl ocks vyi t&«gg@@ ?%Ir%aa transport bl ock. Further, the co?*jjgfg?%gg%%%'
systematic bits can be interleaved together to yield a first set of
bits for sending over a channel. Moreover, the parity 1 bits and the
parity 2 bits of all encoded bl ocks yielded fromthe transport bl ock

can be celheGl esh oddPQRo Bt 1GnIC P4 £RLEL iveli® AR dn Yord allielSteGRRaING?
i nterl eaved toget%er Al'so, upon being collected, the parity 2 bits

can be i nvaralresvedinkdgét fee frequsaewdivison duplve (FRD bsyistsay Eatwpellinkyl 18
bits and_t he.inter.leav arity i t.s can,be interl together, in
o ot or i Rl e EERAC RodRid Bontl et el B AUEUROPD WRARKIEL |1
t he chaniigk 1247 dnipisit a diffdrene Goqdnselandfhdnitha eapivyeé byreppsd lihb 196,ap

around a_circul ar buffer; however, the clained subject tter i s not
2o 1T a8 GEREL Binan g e SR sl DTS Lty el Trkps'
transni t dvdgic Whk D@ &m ROFEY Rbadboh GRqaPBRbaAldSd ek abdh@ik 12438 Mversei t S

fromthe first set (e.g., the systematic bits) over the channel.
After trdnshRGengiiliss a e¢iamen fraqueaest bagfl bits, the transmitting

Wi r el ess gagTuni caﬁz}@rb[r%%ggﬁr&waa&m&nﬁ@ ki Bl the,OM WG RRGAR0

set over the channe By separating the syste s from
t he pari tymmusinate gam be yeferdsl tosis acicctoubfbasbefafien 1iaske examplenattetnang

allows for transfterri.ng ,systemati.c. bjts prior .tq transmitj arity
oo loubf AT bE RS SoR IR Guchlol feoli Slmihfls Wl A1IEHLE bf i 8k ¢
syst emat icéveltd By 8ise stadiohd 0Lr dhgbinbdu@itatich evefjifvemard lifils P@rdndd]24, the
circular buffer based rate matching can.yield i nproved perfaqrmnce as
conpar ed “ﬁ@@ﬁ%éﬁ@%aﬁ%ﬁ%&‘?ﬁ% U grputtee Prgolophig ORISR at o
Mat chi Ng noied rdtidtof foRatdlidlE, 118 and 124V hEcREEhRIHABNCE a2 EA S, HHiRN

for circular buffer based rate matchi ng and conventional rate

mat chi ng besecHficuEd? utiirep bepRfEBHE Paraspdn 1acesisternyple 116 and 122
parti cul i ondi.L.Lon : N RR qToT
el ess bt R e I e e e P AL M kg line,
of the encbded b edisct tTHess, infpuacher angorfpared fo detast isrgdn Glndmittmgecan
be perfoc[rred f or. hate mat,[chlil q?aé%usr Roses fo reduce the nunber of bits
for commifPad YE rReREdRel R PSR W PR W inct uring of bits, the
transm t {003g] W r el B&S senionl02,catdso erapphl 18 wsd/@retars eninbal 132 aaltect s
systematic bits for transm ssion; thus, if possjble, all systematic
bits frofh {HABEHEEdeY" ?Sécﬁ%m%f”é“’%t}o&nﬁ’%ﬁr?tég PPt He TEtraitel YTaRYE i f
addi t i ongbmBiuhRatcH apbratuls 305 Pivtd 86e. WRA salm%b@a% 110 treR@lthidg iraBg
parity 2 bits are transmtted upon the channel. Further, when a |ow
code r at €OMBIUYICRqN @ppargls ) sensatg detabifers trgngieral | Mpegr iparjiculadpdthe

arity 2. hits. fr - bl n edh Lt :
Channol - T GRIAES s FRAGHEHiG BT e Fe LLETERERLOURRIATE 100
t hat per fiemwey,.r afle patachinwgbart of] inkirmgtien bity tubascritwivber chametito the
algorithmin.a wireless comni cation Sn\({}.rpnnent .b.S%stgm 2\%& .
i ncl udes "o Y BLES COMRIRICEA RGP AT LRSS S Os EWACE 18 2e
g ransmit &ﬂa}i@od&i{c&k\bif data (ehaginality ﬁtﬁh@ugg}é&&@i tﬁzttledn Bs sdgﬁ@ﬁ&ﬁiéd yielg
ata, wireless communi cati on appar at us a so receive data via
t he chanﬁenlureEthf?% s e Fug Fats B ca%pﬁlroglfmganz‘mer@aﬁed by the
concur r elandrhigheRhikcl &9 @orhﬁl%ﬁicgtﬁmda%b;ﬁatu%ﬁﬁé E3HbLE SSHRERLSRE [0 shown).

apparatus 202 can transmt and recCeive data at differing tines, a
conbi nat iTdA terherwds encodey camyjopiubgs caevredniledt fasreagh phrtkr aedepblockst or

I nst ance’irgﬁxﬁ@d Bfrdo DagE Sk Yo 'ogtémttn?cﬁﬁﬁitﬁet ﬁﬁ 'oogbd%%&&fer %%rg cach’

...), an dccess termnal (e.g., access termnal 116 of Fig. 1, access

term nal ikPRlcolireépigments: systeinatiobitst pezity 1 ks, ap P88y Wbitel ess

communi ca§da8n aPPafAl Y 8% TildISh UenfulitiiBe §995n8" R0t o
circular buffer based rate matching algorithm that allows for simplification as compared

to conventional techniques (e.g., even in the presence of multiple code blocks and



pernutation of the payload data; these parity bits can be yielded by
turbo code encoder 204 using an RSC code. [0040] The turbo code
utilized RyobieRRssode encoder 204 can be a 1/3 turbo epeRRbddS0se784
function. Thus, an input of X bits (e.g., X bits included in the M
code bl ocks) to turbo code encoder 20% can yi el d approxi mately 3X
bits as an output (e.g., approximately 3X bits in the M encoded

bl ocks, 3X+12 bits, ...). However, wreless conmunication apparatus
202 may fﬁﬁnéﬂaeﬁbﬂ)i@d&s? SRIak: t;ﬁ%@lm?p% pikcﬁlfar%/ﬁfer tﬁagedcmr}ﬁ'étchﬂ@%n be
wi rel ess communij cation apparatus 202 can enploy rate nmatching t
convert effestvatefeRethg rapsmigingovicless campagisatiominppefusoplignting Sf%?matw
transfer thee I S, d e
encoder %édf%gad}r}l 0 %%é’ﬁ%'“[ %%ﬁ%:lejrﬁ% Cg@ggpgﬁpgi J'ggasl:tulﬂﬁgruEtﬁkr E&rle%%q

i nst ance sysengatediite mambwbﬁwleaﬁedctog@héyltmgieki z first yétalf dita fdreseqbng gtar@am
of syst enn tic

Ot renen clRing. ooyt w8 bRES PUTsERE B PR 2 bifs aF 4} gt ooy BLERY

streans @iobpthb treghpbit ®Ock dabbe alidered nUpdeﬂieni@ébilemd ehemsite 0 biligindat i on
apparatus 202 can process this output pursuant to the follow ng

[ 0042] W FEp@¥e: (nghRkIFT célSPoHP%pE%?EaFQJ?CfE@)Zm% A Pliefan 'i’ﬂ:i“tfd@a?dbl t
type sep@adgzaef ﬁ%@eafft@ﬁtthed{hﬁékl%%d Eb&@ 10 BA ih%@m@;yeaww p&wﬂéﬁs eharder
204 into disparate collections. type separator can recogni ze
a type ofinterdashd tigethpran ign eBerp@tingunanagr oyiadip Besorbaps 0@@1@&@@%@@& ovgrhus,
bit type s o] i

bi ¢, 5 pAls o The At SRR oA1Bh LaP RN EL P afhetlh oy BoTiEL BRI
separ at obuff&$ hownvait thiei czlmmad pubjoa:u mkttm)wk edgsn hmneqbes aié of amj tmmrdifo
code encoder. 204 tg g a X’%ﬁ e .bits:

this exafBPEIEIsPELIYE" e "é“*‘ GEP ﬁgé’ ﬁeﬁ?u“toﬁ‘ﬂ‘ﬁuné%‘?%ﬁ%‘%afaé%ﬁa{lé e’
parity 1 thahdrsit b&ﬁlcfrcﬂﬁrthé Yirst Rt (&gl thaaspiatat i) R dkdaknidat ARan be
known by bit typew,is rator 206. Thus, bit type separator 206 can

| ever age "SBEHSRLM €8 5ES 6" pfchitst ihwragwfé}%aw@e%.wglmlﬁaqatlelyarapamﬁtss
and pari tyy, %arﬁhﬁﬁalts%mmgc%&&afbo&mééhaha/e@e bit type separator 206
can collect systematic bits in a first group, parity 1 bits in a
second grl®#8] and Barscparatingbihe systematicr ity &0@@9;31&“[3/0941311 BTLEOY dELS,

Wi rel ess t ' ri.ea 08
that 1 nt SRR, GUFE] 40y BRPTRALE, sHo R LRian, SRR Ery
arrange bnansnﬂth@tpaatycbmnﬂénk eadadighogelt hae condiirms wiets 4 srgempuibbedl t o

208 as. a raati Ba% bLESkntERTERGE8M Mie BB Bty e

any i nt eg@kchifgOtan glﬁzlcaaﬁl@mvéc{lpafdr@@m&% EAPpRNED tE ebnRnfidraN $eThHigLEN
again burst errors of illustration, |nterleaver 208 can be a

1 Qadr 4¢-£c AR FH a1 PISTR G e PR REGP ey or W HORBTEREnEhe

cl ai med ubjeGimiMREClirchBir BakeSRistd Fid ﬁlgtchi-ﬁgean&é@ﬁ‘%ﬁﬁ&ﬂa@ ik trr§1tch1ng
collected in the first group by bit type separator 206 can

i nt er | eavestiniquesernvist 1oy cpdn ate cendetion0gMews particutigly, sods agh SOdenraE
non- cont gﬁ'cﬁHénsm%ﬁ'é‘%{ansJ E&ﬁqg’ Qi elsse%&%%u%%’égtﬁ(gf‘aé%a&atg t a};)t @e;@lﬁa‘ble to

random zed sequénce ed as ‘a
transm ssraosmioek bitaoftharnedded Ibtﬁc}m | Blasepur2@8ing dag.akbdoting)oé bimaaandse

t oget her bits assenbled in the econ rou bit t
separ at o PuEIbl: Pireme SRR GRmERr¢P e B8 TuPTper Uave tyeHion
parity 2IRisSodidoheqitBdpimtiing bhibitg gfcott@ndﬁ)dttﬂﬁgt“lrylféﬁs g6pAaiceion206.

Al though one interl| eaver 208 is depicted, it is contenplated, that
wirel ess aBBel"fﬁt’HﬁPE%?TP%WH&pgﬁlﬁPtétsﬁﬁtei?@t@ big far rfeansissigsr Bus. HhRossiple. all

interl ea\é?gtemﬁﬁq:hts%forﬁ’\éﬂb @ﬁboeéalbmssd%%@&wealeay[hémhharanmf additional

i nterl eaver 8 (e.g., one interleaver can interleave systematl c bit
whi | e a évete@mjbc# mlrérrméaivélmn@aﬁub&%qﬁnpéparém}eanémarIWyZ bitsdire srapgmeitiphnpany 2

bits, a fihd Ghnddl! BlRB\HenGa0w B ated8NiY ShATREMGObilsSnd 21 $EEON

and parity 2 bits from the encoded blocks can be transferred upon the channel.




that interlaces the interleaved parity 1 bits with the interl eaved
parity 2 bits. Interlacer 210 can create a second set of bits for
transm ssi he channel fromthe interleaved par i and
the inter |Vg‘gv@¥631rﬂ ty 2 bits. Interlacer 210 organi ze£E¥/Hé209é/66%7£
interleaved parity 1 bits and the injjerleaved parity 2 bits according
to a specific ordering; nanely, interlacer 210 can alternate between
interleaved parity 1 bits and interleaved parity 2 blts Thus, the
out put ( the g i

channel )ﬁ%@g i nt er acer u%l%’ ?;gnabqel&g&%%d Ege%c%gﬂhﬂ a te %?ttgg rate

bet ween antdhinigentileanged qamularyauffeblbasedndgmthmntreal'eavletd pantryicaiobi t
(e.g., every other _bit ever.y other bjt j parity
5%hTe CeRnEnt ] S P08 Andlifesrd adelss i tp Rl op B8

out put t e@hcbm toUsdoRareaitiEng dsRder a 284ntd hehdupdatepidtedi dsfiRnaniting @sa,
conpared to systematjic bits outputted b% turbo gqci)de_encoder 204.

[ 0045] W Pélelsss Copmistiicn iR asBpdi2atdls 2bpsecelis Sidivig Bisashapns! Hegude a

nmapper 2}2.fed c@mﬁ‘fuﬁf&%ﬁ[ Ta?ﬁargt&ﬁ 20%&995011%11@6& AfarlsPfChdd PbceROPYAL €
the first set of bits ransmi ssion yi el ded by interl eaver 208 and
t he secomdrelss cmmwn@%mﬁ@ppqratam%@ﬁ e teansioil pdiraceide Byta jah digicriag BmeR 10
into a cir For. cl I n a
fixed si zeglg{)]%%tl&l%&% tFP W%ré}g%%g%%gn%gﬁonb%ﬁ%ﬁbgg? '}?;ﬁ’ 1];121 tg g %ea

si ze of arbaasstetiim{ay, badetdibocl02 offRig., [,nappar a&tS eaninkl (e, zw:cms

bits fromthe ved s ic bits) around
the circlff 'érﬂjrnabL 4%& ?h%&gﬁfq?@}maqbrg%ﬁ 1822 ﬁ g\%ﬁ_’%ﬁ bits from 14
the seconghsspt (e. Wirelekd\oRhith@ayeidn Bppdriths 3020dah Snchitid al thtbelcb@ayReder
parity 2 bits interlaced in an alternating fashion) around the

circul ar %fef@rencs&i%o&&@t gracedesy dagp tojbedign ?”%ﬁ?‘@ﬁ”lieéesﬁ%@%m}“ﬁéﬂmnl t
is to be, HRCh@ e fhalodRRRAE Zé@u&l%s %flﬁé@%{er@d}bfzaﬁ@pﬁm%%ai&ht S
in the f| st set and the second set. Further ransmtter 214 can

t her eaf t epdet tozopsifare infarmation trimséuloarr blifited-bandsvidthrenedstiom &nk in the
Transm ttier , I ircul ar
buf f er (g}, esnlatﬁc%;(]f)ﬁ §ﬁg R Ifr&)ﬂnngﬁl%ﬂe el"h{: Er{p?lgg %%u}rﬂ? C(pde e%ﬁni% 5{)149 czﬁa HeCdhe

di spar at er wiotre btatksbledemBor eaampie, appaspai lbiai)c(( n:an bs oymnted ﬁﬂﬂﬁd] dsgle

menti one n.certa tiqn, peci al | r gh cod r at
Cond 1 oflocki €1 6B BRI <ol 1 apparcictis B Ma)® Beeingeia ts
transmt s@is&anbaﬁ affintef®, ArAaRebe 1 bbaksckh @5n@e @ilived ad mpMIp Qfrbo Bddeck.
Appr eci abl y, er _such circunstance, some bits from each encoded

bl ock ( eS8eo; elé%%dgarbﬁl Odk epcodsh dBdigen BrigEiM encodeds blogiteld- S| BERdeRt 1)
of 2 trangRerd, ALARK bl £N. CARChRIHIRUCH-1 NhABY 35O RIALL L& BiElaT
buffer (e.g., circular buffer 0, circular . circular

buf f er l\/hrma)lttewthdretnotﬁbénet, reanls raif tthe dM wcheéri:émkﬁ taautpupied byl fyrtwasels
where all Kk t.,ran a i

then a nihBar a7 Bt rtpade b A SRy PR bR SRS N E8e IR B,
buf f er cancodbdiblonke @dcandie) geabmted iasddhervni waé blddb\ﬂevzm’o;ied blosb rrecan be
operatin vi.ronment s n tran b n inclu

b ocks. of sl oy 2haes fFocs aRRObE bisek MY kit Phetbineddiord Gment s
can Ieadcb&&bMLgr buf fers of dlfferent Si ze as weII as an
opportum({}q’g%pto transmt a di sBarate nunmber of bits fromane circul ar

buffer r ive tollmbt megoded plogksaputpifterdyy. tuplpooprr Aester g cqn each

wirel ess mﬂfcg%Ech%ﬁtsa%?c'iﬁttly%ltg%r1ﬁ!ap bft hb%ﬁnﬂy@tﬁkdeTﬁJ ﬁ'ﬁ%@ﬁlrg
budgeter 216 and buffer budgeter I'n inter cil

faci | it apeovides eannetaiplan geitaining r@l@@sofc&mmﬂnpmﬂedmloshm andm’mmts bai th
mul tiple F%rgglléteg Life f%&eo}_ﬁe?’%ﬁgooJe& bpo%gga} s%%g er y%?ﬁgai t Sg}%tem%tlc bits

transm s$ udge ihing an ag reaenu
transmt toédlcfanoasdcalbﬂockldaﬁ uxtcﬂudcmajw]foed slata Wheritgi Inbisadhthe eﬂcodléchlﬁlodﬂua‘,aﬁler

' an ar gy of, S Bk L bR e TIRRE il SR gk
code encoder 204 employing a recursive systematic convolution code (RSC code).

Further, parity 2 bits of the encoded block can include parity bits for a known
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Thus, wireless communication apparatus 202 can employ rate matching to convert from
these 3X bits down to a lesser number of bits for transfer via the channel.

[8041] It is contemplated that turbo code encoder 204 can obtain any number of
code blocks as input. For instance, a greater number of code blocks can yield a larger
stream of systematic bits, a larger stream of parity I bits, and a larger stream of parity 2
bits. Regardless of the size of each of these streams outputted from turbo code encoder
204, wireless communication apparatus 202 can process this output pursuant to the
following.

[0042] Wireless communication apparatus 202 can further include a bit type
separator 206 that divides bits outputted by turbo code encoder 204 into disparate
collections. Bit type separator 206 can recognize a type of each of the bits outputted by
turbo code encoder 204; thus, bit type separator 206 can determine whether a bit is a
systematic bit, a parity 1 bit, or a parity 2 bit. For example, bit type separator 206 can
utilize a priori knowledge of operation of turbo code encoder 204 to decipher a type of
each of the bits; following this example, turbo code encoder 204 can output systematic
bits, parity 1 bits, and parity 2 bits in a predetermined order that can be known by bit
type separator 206. Thus, bit type separator 206 can leverage such knowledge to
identify systematic bits, parity 1 bits, and parity 2 bits. Upon identifying bit type, bit
type separator 206 can collect systematic bits in a first group, parity 1 bits in a second
group, and parity 2 bits in a third group.

[0043] Moreover, wirgless communication apparatus 202 can include an
interleaver 208 that interleaves bits for fransmission. Interleaver 208 can randomly
arrange bits that arc interleaved together; thus, Y bits inputted to interleaver 208 in a
first sequence can be outputted by interleaver 208 as a randomized, second sequence of
the Y bits, where Y can be any integer. For instance, interleaving can protect a

transmission again burst errors. By way of illustration, interleaver 208 can be a
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matter is not so limited. The systematic bits collected in the f' st group by bit type
separator 206 can be interleaved together by interleaver 208 to arrange such bits in a
non-contiguous manner. The interleaved systematic bits in the randomized sequence
can be denoted as a first set of bits for transmission over a channel. Interleaver 208 can
also interleave together parity 1 bits assembled in the second group by bit type separator
206. Further, interleaver 208 can interleave together parity 2 bits collected in the third
group by bit type separator 206. Although one interleaver 208 is depicted, it is
contemplated that wireless communication apparatus 202 can include more than one
interleaver, each of which can be substantially similar to interleaver 208 (e.g., one
interleaver can interleave systematic bits while a second interleaver can interleave parity
1 bits and parity 2 bits, a first interleaver can interleave systematic bits, a second
interleaver can interleave parity 1 bits, and a third interleaver can interleave parity 2
bits, ...).

[0044] Wireless communication apparatus 202 can also include an interlacer 210
that interlaces the interleaved parity 1 bits with the interleaved parity 2 bits. Interlacer
210 can create a second set of bits for transmission over the channel from the
interleaved parity 1 bits and the interleaved parity 2 bits. Interlacer 210 organizes the
interleaved parity 1 bits and the interleaved parity 2 bits according to a specific
ordering; namely, interlacer 210 can alternate between interleaved parity 1 bits and
interteaved parity 2 bits. Thus, the output (e.g., the second set of bits for transmission
over the channel) from interlacer 210 can be a sequence that alternates between an
interleaved parity 1 bit and an interleaved parity 2 bit {(e.g., every other bit is a parnty 1
bit, every other bit is a parity 2 bit, ...). Utilization of interlacer 210 causes parity bits
outputted by turbo code encoder 204 to be treated differently as compared to systematic
bits outputted by turbo code encoder 204.

[0045] Wircless communication apparatus 202 can additionally include a
mapper 212 and a transmitter 214. Mapper 212 can insert or populate the first set of bits
for transmission yielded by interleaver 208 and the second set of bits for transmission
outputted by interlacer 210 into a circular buffer. For instance, the circular buffer can
be a fixed size buffer, and the fixed size can be directly related to a size of an associated
code block. Thus, mapper 212 can first wrap bits from the first set {e.g., interleaved

systematic bits) around the circular buffer. Thereafter, mapper 212 can wrap bits from
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circular buffer over the channel. Transmitter 214 can, for example, transmit the bits in
the circular buffer (or in any other mapping utilized by mapper 212) to a disparate
wireless communication apparatus (not shown).
[0046] As mentioned, in certain situation, especially under high code rate
conditions, wireless communication apparatus 202 may be unable to transmit all bits of
the encoded blocks for a given transport block. Appreciably, under such circumstance,
some bits from each encoded block (e.g., encoded block 0, encoded block 1 ... encoded
block M-1) of a transport block, which can be stored in an associated circular buffer
(e.g., circular buffer 0, circular buffer 1 ... circular buffer M-1), will not be transmitted
by transmitter 214. In cases where all code blocks of a transport block are identical in
size, then a number of bits transmitter 214 transmits from each circular buffer can (but
need not) also be identical. However, in some operating environments, a given
transport block can include code blocks of disparate size. Appreciably, operating in
such environments can lead to circular buffers of different size as well as an opportunity
to transmit a disparate number of bits from one circular buffer relative to another
circular buffer.
[0047] Accordingly, wireless communication apparatus 202 can further include
transport budgeter 216 and buffer budgeter 218 in order to, inter alia, facilitate rate
matching in wireless communication environments with multiple block sizes. Transport
budgeter 216 can obtain a transmission budget defining an aggregate number of bits to
be transmitted from all circular buffers, wherein each circular buffer in an array of
circular buffers can be mapped to and included data from an associated encoded block
and/or code block of the transport block. Appreciably, the transmission budget can be
predefined or predetermined based upon criteria known or specified in advance, or can
be determined based upon discovery or detection of extant conditions.
[0048] Buffer budgeter 218 can compute a respective buffer budget for cach
circular buffer in the array, wherein a buffer budget can define a number of bits from the
total transmission budget that an associated circular buffer can transmit. Typically, the

buffer budget for a circular buffer is proportional to a size of the circular buffer. Hence,
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the buffer budget can therefore be based on, as well as proportional to, a size of an
associated code block of a given transport block. In accordance therewith, buffer
budgeter 218 can apply one or more sets of recursive expressions in order to compute
each respective buffer budget, of which three examples are provided infra.

[0049] Before continuing the discussion, it should be underscored that the
expressions, formulas, equations and so forth provided herein are examples intended to
provide a concrete illustration for the sake of understanding. Therefore, any such
example provided herein is not necessarily intended to limit the appended claims.
Furthermore, it should also be called out that the included example expressions can

utilize the following notation:

N,; = Number of data tones for transport block i
M, = Modulation order for transport block i
C,;, = Size of i™ code block for transport block i
N,; = Number of code blocks of size C,;
N, = Number of transport blocks
N,; = Number of different sized code blocks for transport block 1
N,, = Total number of code blocks for transport block i
Ny, ~1

>N
J=0

EXAMPLE 1

[0050] Example 1 considers cases in which a different number of bits can be
transmitted (e.g., by transmitter 214) from each circular buffer. The number of bits,
denoted by X, transmitted from a circular buffer associated with transport block 7 can be

in one embodiment recursively computed using the following equations:

K., = 0
Cf.m E S
K = g (N —EZK,._}.) M, ¥V 0<m<N, -1
> Cy, § =0
A n
J=m
[0051] In one embodiment, the recursive formula can be applied to the circular

buffers in decreasing order of priority. Thus, buffer budgeter can index each circular

buffer according to this order of priority. It should be understood that the order of
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priority can be arbitrary or based upon a particular design format. For instance,

consider an example with N, code blocks of size C, indexed {X,X,,...,X, ,} and
N, code blocks of size C, indexed{¥,¥,....,Y, ,}. The order of priority can be
arbitrary, such as (X0, Yo, XYoo Xy o ¥y, e s Xy 00 Xy 1} or

{Xo: X Xy 1 10: 150000 Yy, 1} or follow a predetermined scheme.

EXAMPLE 2

[0052] Example 2 considers cases in which a substantially identical number of
bits can be transmitted (e.g., by transmitter 214) from ecach circular buffer of
substantially the same size. This example handles the last circular buffer size in a
different manner than the others. The number of bits transmitted from circular buffers
that correspond to code blocks of size (;, for transport block 7 can be in one

embodiment recursively computed using the following equations:

Kr’,—l = 0
C- 1 -1
Kim = W’,,","'—Tm— (Ng, —HZKJ-,;) Ni-M; ¥V 0Sm<Ny ;-2
Z N;j+Gi; ha
J=m
100531 For the last circular buffer size, there can be two buffer budgets

computed, cach with a different size:

1 1 m=1
Je - e (N =Y K )i M, ¥ m=N_ ;-1
R N,"m ( d,i M,- jzrl; !!_f) i b
@ 1 1 n-l
2y _ s —
Ki.m - N,‘_m ) (l\fd,i _Eg‘&:}) ' ‘M(l’ v om= Ncb,r' -1
[0054] Thus, in one embodiment, the recursive formula can be applied to all

circular buffers of a given size according to the decreasing order of priority. 1t should
be appreciated that the formula can apply simultancously to all circular buffers of the

same size.

EXAMPLE 3
[0055] Example 3 considers a hybrid approach of examples | and 2, capitalizing

on the fact that in certain operating environments, although code blocks for a transport
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block can differ in size, cach transport block will include no more than two different
code block sizes. Therefore, in one embodiment, given that there are at most 2 code
block sizes, the following simplified equations can be utilized, where:

N;p = Number of code blocks of size Cig

N;1 = Number of code blocks of size C;
[0056] The number of modulation symbols available for transmission from all

circular buffers associated with code blocks of size C;qand C;, can be computed using a

first scheme such as:

N.. -C.
Li,O = it 'Nd,i
(Nip-Cip)+{(Nyy-Cip)
Ni 0" Ci 0
Ly = = Ng; 1 = Ngi—Lyg
(Nig Cip)+ (N - Cry)
[0057] For each set of circular buffers and/or code blocks, the exact number of

modulation symbols transmitted from the available number can be computed according

to a second scheme, e.g.,:

() L
Si,j = - VOSmSNLU—Z
NE,J
Nl. fnd
(my . (m) —
s = L - z:S Vm=N; ;-1
m=0
[0058] The above can effectively imply that the number of modulation symbols

transmitted from all circular buffers of a certain size is the same, except, perhaps, the
last circular buffer of that size. Thus, a total number of allocated modulation symbols
per transport block (e.g., the transmission budget obtained or determined by transport
budgeter 216) can be split proportionately according to number of circular buffers of
cach size (e.g., similar code rate across all code blocks).

[0059] In one embodiment, the buffer budget for a given circular buffer can be
constrained to an integer multiple of a number of bits described by a modulation order
(e.g., M) for transport block i. In accordance therewith, and potentially coupled with a
serial transmission of data, these aspects can facilitate implementation of a pipelined
decoder architecture with no modulation symbol spanning more than one code block.
[0060] The circular buffer based rate matching described herein can involve

using one interleaver during Hybrid Automatic Repeat-Request (HARQ) bit insertion

[ 0055] Exanpl e 3 consi dersj7a hybrid approach of exanples 1
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[0061] The following example is provided for illustration purposes, and it is to
be appreciated that the claimed subject matter is not so limited. According to this
example, wireless communication apparatus 202 can input 1000 bits (e.g., from code
blocks 0 to M-1, ...) to turbo code encoder 204. Turbo code encoder 204 can process
the 1000 bits and output approximately 3000 bits. The 3000 bits can include 1000
systematic bits, 1000 parity 1 bits, and 1000 parity 2 bits. Bit type separator 206 can
identify a type of each of the 3000 bits and group the 1000 systematic bits, the 1000
parity 1 bits, and the 1000 parity 2 bits into separate collections. Moreover, interleaver
208 can randomly interleave the 1000 systematic bits together to yield a first set of bits
for transmission. Further, interleaver 208 can randomly interleave the 1000 parity 1 bits
together, Additionally, interleaver 208 can randomly interleave the 1000 parity 2 bits
together. Thereafter, interlacer 210 can combine the randomly interleaved 1000 parity 1
bits and the randomly interleaved 1000 parity 2 bifs in an alternating manner (e.g.,
parity 1 bit, parity 2 bit, parity 1 bit, parity 2 bit, ...) to generate a second set of bits for
transmission, where the second set of bits includes 2000 bits. Moreover, mapper 212
can insert bits into a circular buffer.

[0062] According to an example, 2000 bits can be transmitted by wireless
communication apparatus 202 (e.g., 2000 bits can be inserted into the circular buffer).
Thus, mapper 212 can insert the 1000 interleaved systematic bits from the first set into
the circular buffer (e.g., mapper 212 can start at a particular location of the circular
buffer and clockwise (or counterclockwise) add the sequence of 1000 interleaved
systematic bits, ...). Additionally, mapper 212 can insert a first 1000 bits from the 2000
bits included in the second set into the circular buffer (e.g., mapper 212 can continue
adding the scquence of 1000 parity bits to the circular buffer in a similar manner from
an end of the sequence of interleaved systematic bits, ...); hence, the remaining 1000
bits need not be inserted into the circular buffer by mapper 212 (e.g., since the circular
buffer can be full). Further, transmitter 214 can send the 2000 bits included in the
circular buffer over the channel. By utilizing system 200, the 1000 systematic bits can
all be transferred by transmitter 214 since the systematic bits can be preferentially

treated as compared to the parity bits (e.g., systematic bits can be considered to be more
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important than parity bits). Moreover, 500 parity | bits and 500 parity 2 bits can be
transferred with the remaining resources (e.g., equal weighting can be provided for both
parity 1 bits and parity 2 bits, ...). Although the aforementioned describes utilization of
equal weighting for parity 1 bits and parity 2 bits, it is to be appreciated that any
unequal weighting between parity 1 bits and parity 2 bits can be employed.

[0063] According to an example, consider a transport block segmented into 2
code blocks (e.g., M = 2). Further assume that a transport budget is defined as 200 bits.
This implies that only 200 bits from the transport block can be transmitted over the
channel from the 2 associated circular buffers. If all code blocks for the transport block
are equally sized, then, for example, the first 100 bits from each of the 2 circular buffers
can be transmitted. However, if the code blocks differ in size, say, the first code block
is twice as large as the second code block, then the first circular buffer can be twice as
large as the second circular buffer and, in addition, the buffer budget for the first
circular buffer can be twice as large as the buffer budget for the second circular buffer.
Thus, the buffer budget can be set proportional to the size of a circular buffer (and/or a
size of the associated code block or encoded block). In this manner, the buffer budget
for the first circular buffer can be set to 133, and the buffer budget for the second
circular buffer can be set to 67 since 133 + 67 = 200 and 133 is approximately twice as
large as 67.

[0064] 1t should be further appreciated that the buffer budgets can be further
based upon the modulation order (M;) for the associated transport block. In particular,
the buffer budgets can be constrained to being an integer multiple of the modulation
order. Generally, the modulation order will be set based upon certain operating
characteristics, such as quadrature phase-shift keying (QPSK, e.g., M; = 2), 16-QAM
(quadrature amplitude modulation, e.g., M; = 4), 64-QAM (e.g., M; = 6), and so on.
Regardless of the particular modulation order, the buffer budget can be an integer
multiple of that modulation order. Therefore, from the cxample above, assuming the
modulation order is 4, then rather than setting the buffer budgets for the two circular
buffers to 133 and 67, respectively, these buffer budgets can instead be set to, e.g., 132
and 68, sincc these latter two values are integer multiples of 4 and the actual values are

still proportional to respective buffer sizes.
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[0068] Systematic bits 318, 324, and 330 can be inputted to an interleaver 336 to
randomize a sequence thereof. Further, parity 1 bits 320, 326, and 332 can be inputted
to an interleaver 338 to randomize a sequence thereof. Moreover, parity 2 bits 322, 328,
and 334 can be inputted to an interleaver 340 to randomize a sequence thercof. As
shown, separate interleavers 336, 338, and 340 can be utilized for systematic bits 318,
324, and 330, parity 1 bits 320, 326, and 332, and parity 2 bits 322, 328, and 334.
According to another illustration (not shown), a common interleaver can be employed
for systematic bits 318, 324, and 330, parity 1 bits 320, 326, and 332, and parity 2 bits
322, 328, and 334. Pursuant to a further example, interleaver 336 can interleave

systematic bits 318, 324, and 330, while a disparate interleaver (not shown) can
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enpl oying a circular buffer based rate matching algorithm At 302, a
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[0085]1t will be appreciated that the data store (e.g., nmenory 808)
described herein can be either volatile nmenory or nonvol atile nenory,
or can i nglAisiBe; %Ej% volatile and nonvol atile nenmory. By-Wa¥aofdos6784
illustration, and not limtation, nonvolatile nmenory can i ncl udﬁe read
only menory (ROVM), progranmable ROMAgPROM, el ectrically programrabl e
ROM (EPROM), electrically erasable PROM (EEPROM, or flash nmenory.
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t ransni t tvelatizzad mapyolatiiamsmons Bywehef illustration, and not limitation, nonvolatile

memory can include read only memory (ROM), programmable ROM (PROM),
electrically programmable ROM (EPROM), electrically crasable PROM (EEPROM), or

flash memory. Volatile memory can include random access memory (RAM), which

acts as external cache memory. By way of illustration and not limitation, RAM is

available in many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),



28 one or nore access termnals 904 through a transmt antenna 908.
Recei ver 910 can receive information fromreceive antennas 906 and is
operatively associated with a denodul ator 912 that denodul ates

recei ved information. Denodul at ed synbc?l75 are anal yzed by a processor
914 that can be simlar to the processor described above with regard
to Fig. 8 and which is coupled to a nenory 916 that stores data to
be transm gynehrohousoDRAN BDBANT), clvubleaass rate E DRAM (BDFO SDR(Adv),eenhanced
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exanpl e, t bethdatamspat biock shmsdicolexdivelanconéorbi tosthetapged Brdgeindith respect
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transm ssi gmsby a trapsivit 8fvel WMat S RUAABLERNBS 0 rdn® sRE£ 8 circular
termnal (s) 904. Although depicted as being separate fromthe

processor buffer dan difertip sige aapyllenid pae duthes ec¢onefar @ali@eregti@oportion of the
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can i ncl ude :na S i / S
R e e L
term nal s eabcibedzitbskabiffal(biyasséaiatedoderbloklf dremseriatdéd annéodiptle. base
station 1010 and access termnaL§%§50itllld§?pri bed below. In additi
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(Figs. 4-7) scri erein to facilitate wreless comuni cation

t her e bet weamindl,0882]Athobgs demmittad iao heih@I®partreafidrin dhel atomessor 806, rntimbterbe

of data st ragggarg&atiea that transport budgeter 810, buffer budgeter 812 and/or modulator 814 can
be part of processor 806 or a number of processors {not shown).
[0089] Fig. 9 is an illustration of a system 900 that facilitates performing
circular buffer based rate matching in a wireless communication environment with
multiple block code sizes. System 900 comprises a base station 902 (e.g., access point,
...) with a receiver 910 that receives signal(s) from one or more access terminals 904

through a plurality of receive antennas 906, and a transmitter 924 that transmits to the



provided froma data source 1012 to a transmt (TX) data processor
1014. According to an exanple, each data streamcan be transmtted
over a respective antenna. TX data processor 1014 formats, codes, and
interl eaves the traffic data stream bas#ld on a particul ar codi ng
schene selected for that data streamto provide coded data. [00931The
coded data for each data stream can be nultiplexed with pilot data

usi ng ort hog@nalmofre eqeess cymihiald 800 thronght a p’amrhirngn(eﬁEDWS t ®eheliveu®D. can
Addi ti onal terpatively, the pil ot ol s can be frequency .,
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pattern that is processed in a known manner and can be used at” access
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provided to a_ TX M MO processor 1020, which can further process the

nodul at i on EPRES §r‘(}@”§fmal to? siegepie bystenpmim aspesdated block oods- tlpaAnstance,
provi des

Phrough 105580 bgeP b Talter R o oMEr b bp BT bt Bhhet SME od 2R
beanf or m ndoveticght buffers hiwecayadboikissodller bedajﬂbekssifram tesmdpdrobloble
antenna fr ich the I ei n transm ited. [0095] Each
transmtt eidn@\élgz r ecglu@%g gb‘gﬁft 9012 %PeFaé’é’ﬁ c?ql\P@dstﬁrﬁ) FISEPH dRARSE
provide_ongy0kndRhR BRAhAE &'rgé@&lréan Aflef hBEbCAN haNgn(R Gapsmitied

anplifies, filters, and upconverts) the analog signals to provide a
nodul at ed @rgmmanwﬂt blbble fF@r mytamsnirassport todeaetert HEO vhivobhatheedggregate

furtner NESROMLSL S iR GOt BARRIS50R, pTRcA 2328, LI cun
respecti VehﬂculﬁmAM@@&@?Salﬁl%ﬁgh Aed shdQa0it 18 E@ltélﬁﬁlﬁ&ﬁ‘tﬁd’t%se station 902
modul at ed signals are recei ved

can include a turbo code encoder substantially similar to turbo code encoder 204 of Fig.

2, a bit type separator substantially similar to bit type separator 206 of Fig. 2,
interleaver substantially similar to interleaver 208 of Fig. 2, an interlacer substantially
similar to interlacer 210 of Fig. 2, and/or a mapper substantially similar to mapper 212
of Fig. 2. Buffer budgeter 918 and transport budgeter 920 (and/or a mapper (not
shown)) can provide data to be transmitted to a modulator 922. For example, the data to
be transmitted can be bits wrapped around a circular buffer that are allocated according
to buffer budgeter 918 and transport budgeter 920. Modulator 922 can multiplex the
frame for transmission by a transmitter 924 through antenna 908 to access terminal(s)
904. Although depicted as being separate from the processor 914, it is to be appreciated
that interleaver 918, interlacer 920 and/or modulator 922 can be part of processor 914 or
a number of processors (not shown).
[0091] Fig. 10 shows an example wireless communication system [000. The
wireless communication system 1000 depicts one base station 1010 and one access

terminal 1050 for sake of brevity. However, it is to be appreciated that system 1000 can

include more than one base station and/or more than one access terminal, wherein



by NR antennas 1052a through 1052r and the received signal from each
ant enna 1052 is provided to a respective receiver (RCVR) 1054a

through 1Qp E&gi’k receiver 1054 conditions (e.g., fiLE@hR008066784
anplifies, ané) wnconverts) a respective signal, di gitizes ?‘l

conditi oned signal to provide sanplesy and further processes the
sanples to provide a correspondi ng "received" synbol stream [0097]An
RX data processor 1060 can receive and process the NR recei ved synbol
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modulation scheme (e.g., binary phase-shift keying (BPSK), quadrature phase-shift
keying (QPSK), M-phase-shift keying (M-PSK), M-quadrature amplitude modulation
(M-QAM), efc.) sclected for that data stream to provide modulation symbols. The data
rate, coding, and modulation for each data stream can be determined by instructions
performed or provided by processor 1030.

[0094] The modulation symbols for the data streams can be provided to a TX
MIMO processor 1020, which can further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1020 then provides Nr modulation symbol streams to Nr
transmitters (TMTR) 1022a through 1022t. In various embodiments, TX MIMO
processor 1020 applies beamforming weights to the symbols of the data streams and to
the antenna from which the symbol is being transmitted.

[0095] Each transmitter 1022 receives and processes a respective symbol stream
to provide one or more analog signals, and further conditions (e.g., amplifics, filters,
and upconverts) the analog signals to provide a modulated signal suitable for

transmission over the MIMO channel. Further, Ny modulated signals from transmitters



31 program codes and data. Processors 1030 and 1070 can al so perform
conputations to derive frequency and inpul se response estinmates for
the uplinkyangsgaun! i nk, respectively. [00102] I n an aspggirsaobfshssa!
channel s are c?assﬁl ed into Control Channels and Traffic Channels.
Logi cal Control Channels can includega Broadcast Control Channel
(BCCH), which is a DL channel for broadcasting system control

i nformation. Further, Logical Control Channels can include a Paging
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i nformation. Moreover, the Logical Control Channels can conprise a
Ml ti castesBstivelsl Channel (MCCH), which is a Point-to-nultipoint DL
channel for t i

Servi ce @gﬁ)s) sch‘xéﬁ ng%ljﬂﬁ 1CIY(H)§1(§ : Qhﬁﬁe%ﬂ:&dg%&?@gg%%é%rr&ge%gr al
MTICHs. Geﬁ%ahdeynasaﬂﬁmthmghbwhhmh gleae&athdcsxgaem eechComdnne [1032RRC)

connection, .fhis channel is.onl Es th receiv g.,
oPa ol S ATAREr s e G VRG oBds M sty ERe R 058

i ncl ude ao@adsn@q&gd fiter] £rablifleh aaaedowrlbiSHits) Mdspditive signdBOdigttiztOthgoi nt
bi -di recti onal channel that transmts dedicated control infornation

and can B@Wﬁd BiEntEe MRaXIih iRl esRenG: Bithelc piogesses) the spmplepchrovids a
Logi cal » K se a Dedicated Traffic Channel
(DTCH), hb@ﬁ;@%ﬁlﬁtﬁ tgg%ﬁ?)?tﬂgt% bi -di recti onal channel dedicated to
one UE fcfﬁ09t7he t r afvs fRe d@fa m@assqrnlfoéﬂ rﬁanurmlvemrsiopromsé theo §r ggeived
Traffic e u or
Poi nt - o TG OPEY Y ClalsaePest or ot RSO gl PG, Mo

[ 0010311 rechmiqas pe pigvider ARS' ﬁﬁmteﬂﬁ&mﬂﬂmﬂ Stradrss. cliéésim‘m @dcdssirol sl @nd

UL. DL Tr,ansport Chan els c ri Se oa Channel (B a

Downl | ik CORGTHE S BRn 0 RS SR UGG, Al i} Begp

The PCH gaa r&Bpahth sip&:anpom@é pi23dkkiAg by RPdata @r&e@&t 10@0@3150 6@Pith@n
cycle can be indicated by the network to th éf‘gilhbel ng

(DRX)

br oadcast®thabparoragd byt ¥ MI%‘P IPregsepop P4y a‘?ﬁaﬁﬁéﬁwt %TOF‘W%‘ i
(PHY) res@Hssesiot hat can be used for other control/traffic channel S.
The UL Transport Channels can conprise a Random Access Channel

(RACH), &0@8huest &mwmmor (1 RFEEBRperieditablyi delersha rhichDeve dabBhplmelogy
(UL-S of R n 4 P | s
can H?SI_?SO sze a{)dlg?uas %r?anng:{%hgh %Egsg%é%@g%‘% EOIEJFE tgxgyevgggq&%e DL
PRY chan m@&ge ampmdgnjmam@omﬂm pofiohahd Enaknelue pEfiotH) ;

Synchr oni on Channel ; _Common Control Channel : _Shar ed
o Cont 1 fBBhannel TS PEREES FTCHERGe RN EPet ECRPmENEr oq
UL Assi gnemRdin m&l@@dﬁ&ﬁm%hfamﬂ&&g@ﬁ@matﬁbﬁmﬂ ThAGKGH); linkL
Physi cal 32 ared Data Channel (DL- PS%UL Power Control_ Channel
( UPCCH) ; nrra%jugﬁgaq Proapreeasend tmﬁaméipta(pm r 1g3fa pdich asadeqeirgs Haffigdata
Channel Jé;la boP¥t Xst?éagfslﬂ:&nbgﬁaﬂals éﬁ@%‘ ﬁfadulada@byla ddYiAanes, s

can inclu y5| c om Access annel Channel Quality
| ndi cat omomhamélby(tfa@s@mers Mﬂmmmgé}ﬁéntand:wamﬁeq h@KCp)baseAsizteina
Subset g &at or Channel (ASICH); Shared Request Channel (SREQCH); UL
Physi cal ar ed Data Channel (UL-PSDCH); and/or Broadband Pil ot
Channel ([(@&HI0CH) . [QOb%]sltetﬂonleﬂ@ the moddiredt s st finah atdess ehiond] bSOt s
descri bed herejn an be i d i n, har dwar e, t fir re,
T ddl ewa Pl RO UBIEITIES A CRAIIREN O ERaTChr DR SRR P &

i npl enentgainb@iatol ME4DLAE BRoTLAE] bR IatISX Gl f18cdsét| 104P RS etrast fHaiBvege or
nore application specific integrated circuits (ASICs), digital signal

pr ocessolBk Opsagy trapgyitechby aqcgiidernprddaali ﬁ‘(}jﬂﬁé\ﬁf‘?}‘é@)( B0 process
progr ammepl & ,0Qk G &) k@@ﬁet§%§§;%hlch %cgdm%ql%ﬁm@eefoga&anaﬁlﬁgm
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[ 00107] For a software inplenentation, the techniques described herein
can be inplenented with nodules (e.g., procedures, functions, and so
on) that ResbasMgRe functions described herein. The sebynails6RARS
can be stored in nmenory units and executed by processors. The nenory
unit can be inplenented within the p¥locessor or external to the
processor, in which case it can be comunicatively coupled to the
processor via various neans as is known in the art. [00108]Wth
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can exist within nenory 1112. [00109] Wat has been descri bed above
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1. Anethod for facilitating rate matching in a wrel ess
communi cation environnment, including: populating each circular buffer

I n an arr gyo &fos/gdsgul ar buffers with bits from an assopbpiSiHReR
5bl ock froma set of code bl ocks constituting a transport bl ock;

obtaining a transm ssi on budget defi3 ng an aggregate nunber of bits
to be transmtted fromall circular buffers in the array; and
conputing a respective buffer budget defining a nunber of the bits to

transm t shar@Mpak esssel abePsOIIDUiAr Phwtd €ontdrCieasdl @WPCBHPauEf er
in the array, the respective buffer budget accounts for a fraction of
10t he t r EWSHIos Sihemeb(GED: akn ospobenen oranc GIGHY | B v qfferther
associ at gl el Ukl Uﬂuf’ﬁﬁr Charfels QE i %H@d{’k@g'cgll RhfBoty AdsE R8fannel

i ncludi ng constraining the respective buffer budget to an | nt eger

mul ti pl e(RRAGHN Heenel dRuabityt Sndikatne rGHseel (EAACHB At knoivtadgeomehe IClaprel t he
t ranspor - A153. T t.had of Gl ai , t | nel udi

I ndexi ngkﬁééﬂéﬁﬁi’i IA(I:]g ar ugge@&%tgf)r |aﬁléemt @S&&ﬁécsga{é%# nlﬁ:gquéré%tl(rat:;'q1 ag?e]
priority(SREQ@H); e Phpdidab8hatd Tlati GhaihpelwilAr-rSDCHRMador ByomibareisPigat | ve
buf fer bégget égﬁ&ﬂdes applying a first recursive expressi on when
respecti } ﬁdgets for circular buffers of identical size are

perm tt eghops;20vary.is @ be dderdiRbAqBht Ohe ChbbdMnbnts\EREed HeRAPWLA BY @
respective buffer budget includes applying a second recursive

expr essi SRPIIMEHEG &8 pledivgeE, bwfivere, biiagwrs, myddievpey| BIcrasads: efs 4y
| denti CaLorﬁlBiﬁ icﬁiloth@:% V&Y -a gg’rﬁwa-@einﬂ}?érmgatﬁﬁ, ﬂe r%eisin% é'ﬁlﬁg'%ﬁn be

I ncl udi ng applying the second recursive expression according to an
or der of implemented whbisede onmeia applicatiob gpdegic igiegated circuits (ASICs), digital

signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, other electronic units designed to perform the
functions described herein, or a combination thereof.

[00106] When the embodiments are implemented in software, firmware,
middleware or microcode, program code or code segments, they can be stored in a
machine-readable medium, such as a storage component. A code segment can represent
a procedure, a function, a subprogram, a program, a routine, a subroutine, a module, a
software package, a class, or any combination of instructions, data structures, or
program statements. A code segment can be coupled to another code segment or a
hardware circuit by passing and/or receiving information, data, arguments, parameters,
or memory contents. Information, arguments, parameters, data, efc. can be passed,
forwarded, or transmitted using any suitable means including memory shating, message
passing, token passing, network transmission, efc.

[00107] For a software implementation, the techniques described herein can be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes can be stored in memory units and
executed by processors. The memory unit can be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.

[00108] With reference to Fig. 11, illustrated is a system 1100 that enables

employing rate matching in a wireless communication environment. For example,



7. The nethod of claimb5, further including applying the second
recursive expression sinultaneously for circular buffers of identical

size. 30 wo2bhessprt hod of claiml, wherein corrputl ng acf@gmgaﬁm
buf fer budget includes applying a hybrld recursive expression when

only one respective buffer budget ou3 of all buffer budgets for
circular buffers of identical size is permtted to vary. 359. The
met hod of claiml, further including coding and interleaving the bits

in the ag,fs&% @t@ﬁc@%ﬁd@bp&lsstqﬁﬁhaﬁlyrwlhﬁfs aibabesthiagi. NGcddrdiog té amvtedr t he
coded and interleaved hits prior to gé)pul ating each circular buffer.

36 10. A WusErtoassstsamiiiOcan resdes persbpardally; W:]FE:&P AeFesaterRRgl Vit $5HAt
retains g@%&t@&&m& %&Emquoé Ry %r@%eﬁhﬁb {H%Maﬁg o ctiBAY b@d&ﬁs,%hl&i @hmms 1

to 9 cessor he nmenory, confi gure to
execut e bh &unictieital lbbx:ksothst repteadn éwhctmnst malemmmdyby & PropassorASQif wast,es s

communi Catm matlo%ptH%ngI (€. & ntfhn%%vag a?ys‘?@ l%ﬁféllagﬁ na; %ﬁ%al?%&&%’g%g d2rbfa

wi rel ess “CoMmLIN cat ron énvi ron atlnga
circul ar eleu&ihﬁrcompbﬁbnﬁaﬂlat dancit arnoaﬁmamnatlmﬂ imstechee, bgic goduping 1102

transpor tcan include an electrical component for storing bits from a code block to an associated
circular buffer for each code block in a set of code blocks composing a transport block
1104. Further, logical grouping 1102 can comprise an electrical component for
accessing a transmission budget defining an aggregate number of bits to be transmitted
from all circular buffers 1106. Moreover, logical grouping 1102 can include an
electrical component for determining a respective buffer budget describing a number of
bits to transmit from the associated circular buffer 1108. Logical grouping 1102 can
also include an electrical component for ensuring the respective buffer budget is an
integer multiple of a number of modulation symbols to be transmitted from the
associated circular buffer 1110. For example, the number of bits transmitted from each
circular buffer {e.g., in operating environments that can have different block sizes for a
transport block) can be in accordance with the overarching transport budget, yet still
differ between individual circular buffers in proportion to a size of the respective buffer.
Moreover, the individual buffer budgets can further be constrained to transmit a number
of bits that is an integer multiple of the modulation order for the transport block.
Additionally, system 1100 can include a memory 1112 that retains instructions for
executing functions associated with electrical components 1104, 1106, 1108, and 1110.
While shown as being external to memory 1112, it is to be understood that one or more
of electrical components 1104, 1106, 1108, and 1110 can exist within memory 1112.

[00109] What has been described above includes cxamples of one or more
embodiments, It is, of course, not possible to describe every conceivable combination
of components or methodologics for purposes of describing the aforementioned
embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments arc possible. Accordingly, the
described embodiments are intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended claims. Furthermore, to

the extent that the term “includes” is used in either the detailed description or the



bl ock; 10neans for defining an aggregate anount of data to be
transmtted for the transport block; and means for cal cul ating
an anount wib 208t®acde0 be transmitted fromthe circul ar bofAsioososers4
according to a size of the circular buffer relative to other circular
buffers. 12. The wirel ess communi catd ons apparatus of claim11
further including nmeans for constraining the 15anount of data to be
transmtted fromthe circular buffer to an integer nmultiple of a
nunber otlabid, Ssudie et hednioyded rOdul Atiusine dh dermdmer tshld r@ngpeoteim

bl ock. 13. The w rel ess. copmuni cations a atus of claim11, .
further | SREIRGHITgG “hestRETFOR - FHAMRTHES AREn oEPoat a2 BaH o aee iBing
to a decggggi ng order of priority. 20 14. The wreless
comuni cati ons apparatus of claim 13, further including neans for
utilizing the decreasing order of priority for recursively applying
one or nore expressions for calculating the ambunt of data to be
transmtted fromthe circular buffer. 2515. The wirel ess
comuni cati ons apparatus of claim 11, further including neans for
coding and interleaving the bits in a code block prior to popul ating
each circular buffer. 16. A machi ne-readabl e nmedi um havi ng stored

t hereon nmachi ne- executabl e instructions for perform ng the nethod of
any one of claims 1 to 9. 30



17.

In a wirel ess comuni cati ons syste an appar at usi ncl udi ng: a

processor configured to: store Thformation included in a code
bl ock treran AssosERNGdG aHEoMvaN TIOR8 A9Foepolysode bl ock of a

transport bl ock;

35configure a transm ssion budget that defines an

aggregat e nunber of bits to be transmitted fromall code bl ocks; and

37

1. det gembd eordnblitd RRIGSELENH a defelRe SondniHidihes emmhﬂﬂan binEl%dlng

to transm t fronlthe code bl ock, the block budget accounts for
portion of PPRYIANG FRSHicEeIas i ieidiywt arky @l pieculgr b Vighbitsfirog @af@cmed@%

code bhREKf6@akiorSodeBlRENDnstERFE aHaBHKS bioBi;t he transport bl ock.
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obtaining a transmission budget defining an aggregate number of bits to be transmitted from all
circular buffers in the array; and

computing a respective buffer budget defining a number of the bits to transmit from an associated
circular buffer for each circular buffer in the array, the respective buffer budget accounts for a fraction of

the transmission budget and is proportional to a size of the associated circular buffer,

2, The method of claim 1, further including constraining the respective buffer budget to an integer

multiple of a number of bits described by a modulation order for the transport block.

3. The method of claim 1, further including indexing each circular buffer according to a decreasing

order of priority.

4, The method of claim 1, wherein computing a respective buffer budget includes applying a first

recursive expression when respective buffer budgets for circular buffers of identical size are permitted to

vary.

5. The method of claim 1, wherein computing a respective buffer budget includes applying a second

recursive expression when respective buffer budgets for circular buffers of identical size do not vary.

6. The method of claim 5, further including applying the second recursive expression according to

an order of priority based on circular buffer size.

7. The method of claim 5, further including applying the second recursive expression

simultaneously for circular buffers of identical size.

8. The method of claim 1, wherein computing a respective buffer budget includes applying a hybrid
recursive expression when only one respective buffer budget out of all buffer budgets for circular buffers

of identical size is permitted to vary.

0. The method of claim 1, further including coding and interleaving the bits in the associated code
block and further interlacing a portion of the coded and interleaved bits prior to populating each circular
buffer.
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10. A wireless communication apparatus, including:
a memory that retains instructions for performing the method of any one of claims I to 9; and
a processor, coupled to the memory, configured to execute the instructions retained in the

memaory.

11. A wireless communications apparatus that enables employing rate matching in a wireless
comniunication environment, including:

means for populating a circular buffer with data from an associated code block of a transport
block;

means for defining an aggregate amount of data to be transmitted for the transport block; and

means for calculating an amount of data to be transmitted from the circular buffer according to a

size of the circular buffer relative to other circular buffers.

12, The wireless communications apparatus of claim 11, further including means for constraining the
amount of data to be transmitted from the circular buffer to an integer multiple of a number of bits

described by a modulation order for the transport block.

13. The wireless communications apparatus of claim 11, further including means for indexing each

circular buffer according to a decreasing order of priority.

14. The wireless communications apparatus of claim 13, further including means for utilizing the
decreasing order of priority for recursively applying one or more expressions for calculating the amount

of data to be transmitted from the circular buffer.

15. The wireless communications apparatus of claim 11, further including means for coding and

interleaving the bits in a code block prior to populating each circular buffer.

16. A machine-readable medium having stored thereon machine-executable instructions for

performing the method of any one of claims 1 to 9.

17. In a wireless communications system, an apparatus including:

a processor configured to:

store information included in a code block to an associated circular buffer for each code block of
a transport block;

configure a transmission budget that defines an aggregate number of bits to be transmitted from
all code blocks; and



37
determine a block budget that defines a number of the bits to transmit from the code block, the
block budget accounts for a portion of the transmission budget and is a function of a size of the code

block relative to other code blocks in the transport block.



