1 METHODS OF RELI ABLY SENDI NG CONTROL SI GNAL [ 0001] The present
Application for Patent clainms priority to Provisional Application No.
61/ 040, 823y@ndobiid@sh " VETHODS OF RELI ABLY SENDI NG CONTR@kTekb30010
filed March 31, 2008, Provisional Application No. 61/053,347 entitled
"METHODS OF RELI ABLY SENDI NG CONTROL SI GNAL" filed May 15, 2008, and
Provi sional Application No. 61/074,861 entitled "METHODS OF RELI ABLY
SENDI NG CONTROL SI GNAL" filed June 23, 2008. Al of the

af orementi oned pr oWiBTRATHS HFRECEBOVSENFING SONEROLEIEMNARSS! gnee
her eof and hereby expressly incorporated by reference herein.
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[0003] Generally, a wircless multiple-access communication system can simultaneously
support communication for multiple wireless terminals. Each terminal communicates
with one or more base stations via transmissions on the forward and reverse links. The
forward link (or downlink) refers to the communication link from the base stations to
the terminals, and the reverse link (or uplink) refers to the communication link from the
terminals to the base stations. This communication link may be established via a single-
in-single-out, multiple-in-signal-out or a multiple-in-multiple-out (MIMO) system.

[0004] A MIMO system employs multiple (Ny) transmit antennas and multiple (Ng)
receive antennas for data transmission. A MIMO channel formed by the Nt transmit and
Npg receive antennas may be decomposed into Ng independent channels, which are also

referred to as spatial channels, where Ng <min{/¥,, N,}. Each of the Ns independent

channels corresponds to a dimension. The MIMO system can provide improved
performance (e.g., higher throughput and/or greater reliability) if the additional
dimensionalities created by the multiple transmit and receive antennas are utilized.

[0005] A MIMO system supports a time division duplex (TDD) and frequency division

duplex (FDD) systems. In a TDD system, the forward and reverse link transmissions are
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[0007} The following presents a simplified summary of one or more aspects in order to
provide a basic understanding of such aspects. This summary is not an extensive
overview of all contemplated aspects, and is intended to neither identify key or critical
elements of all aspects nor delineate the scope of any or all aspects. Its sole purpose is
to present some concepts of one or more aspects in a simplified form as a prelude to the
more detailed description that is presented later.
[0008] Wireless communication systems are widely deployed to provide various types
of communication content such as voice, data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems include code division multiple access (CDMA)

systems, time division multiple access (TDMA) systems, frequency division multiple
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represents the number of CCEs. The variable k represents the number of repetitions of

a coded block.



5 recei ved ACK/ NACKs. The processor is coupled to the nenory and is
configured to execute the instructions stored in the nmenory. [0016] A
conput er py@Ys@M4atoduct conprising a conputer-readabl @cFRAbddhiosi0

al so disclosed in accordance with another aspect. The product
conprises a first set of codes for detedmning if nore than one
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a transmitted downlink PDCCH. A valid ACK/NACK from the plurality of
ACK/NACKs is sclected based at least on attributes associated with the phurality of




[ 0022] Another aspect relates to a wirel ess conmuni cati on appar at us.
The apparatus conprises a nenory that stores instructions for

scrambl i ngy&Reofised | ¢ Redundancy Check) bits for downlpi-pksh 010
utilizing a sequence generated corresponding to an aggregation |evel

for the downlink PDCCH and a processor, 5coupled to the nenory,
configured to execute the instructions stored in the nmenory. [0023] A
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di scl osed i n accordance wt S aspec nmedi um conpri ses
for det er m pxevgtedhe mgigrotiged stand irthe meamsioci ated with a downl i nk PDCCH
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gener at ed sg anbl i ng s,gquen e and transm tting the scranbled bits in
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downl i nk PD&eHUEthas  tenprgitigs thegluediar pﬁﬁ@@&@cmemrﬁdmcomqa@m@raﬂm
means for t 1t kN [
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conprising CRC bits scrapbl.ed with an regatio evel dependent

sequence. |l aflﬁeewltﬁcﬁ%flsg&g\% pdsy 8})@1%3?6 Hlcr gnlfﬂuftﬁﬁett ?Fgcogl@%ﬁ’ﬁ?éﬂze

bits using thehae AYidaDwWEEQUENSRhE Aebdlion A TR/ NATK A QoRfh 81 Jrevads

associated with the seguence and checki n% the CRC for the identified
Iy

aggr egat i onS¢l&5a validodoByNAGEt Kem the phuslity of AT NACKs hsed agdeast on the

communi cati gRai@RAaNALMS. The apparatus conprises a menory that stores
instructions for descranbling decoded CRC (Cyclic Redundancy Check)
bits recei vé#ldnAdeihed 4spict FIDOSHO aThaha@RTatfheiktates ecaeedernting df PDCCH.,
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confi gured POGSHEcatsmitsivm torssipeci€it ildh snd daeredning ah loésereamadyat least on the
aggregation level. Resources for uplink ACK/NACK for the UE are mapped utilizing
an offset determined based on the aggregation level. Resource assignment messages
with the aggregation level dependent offset are generated and transmitted to the UE in
the downlink PDCCH.
[0018] A wireless communication apparatus comprising a memory and a processor is
disclosed in accordance with another aspect. The memory stores instructions for
generating resource assignment messages to be transmitted in a downlink PDCCH with
an aggregation level dependent offset. A processor, coupled to the memory, is
configured to execute the instructions stored in the memory.
[0019] Another aspect relates to a computer program product, comprising a computer-
readable medium. The medium comprises a first set of codes for determining an
aggregation level to be used for a downlink PDCCH transmission to a specific UE. A
second set of codes for mapping resources for uplink ACK/NACK for the UE utilizing
an offset determined based on the aggregation level is also comprised in the medium.
Resource assignment messages with the aggregation level dependent offset are
generated and transmitted respectively to the UE on the downlink PDCCH in

accordance with the third and fourth set of codes also included in the medium.



[ 0027] A conputer program product conprising a conputer-readabl e
mediumis al so disclosed in yet another aspect. The medi um conpri ses
code for dghes@hipr@ an aggregation |evel associated Wplh, R,@084hinK
PDCCH and generating a sequence corresponding to the aggregation
| evel for the PDCCH. The CRC (Cyclic Redundancy Check) bits for the
downl i nk PDCCH are scranbled utilizing the generated sequence and
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a plurality of UEs. A processor, coupled he nmenory, is configured
to execute PFPéjqfhstructl ons stored in the rrermry 8 [0031] A

conmput er pr t er-readah mis

di scl osed | ﬁﬂﬁgc g%gg}wcrgﬂ{%%l S ggi ;r)eg%g & umcaéio 1 %QpaBaﬁ‘ﬁneglé S ARPRTLY
for identi fymmg“mm aaggmegahit grorésevmathucassofor atrembling ORE @3eld Redun@EXeGH
econd set of codes for

for each of th IuraI A

gener at 1 ng. oS PR ik ST AuRRGE fonaig BuC BRI
level for eaghe@hioh MeelURS tAE Gowhisk PDOPH Q% Pﬂo&&b& Eh®1arL M mehhRy,
CRC bits for each of the UEs using are scranbl ed respective

scrambl i ng SEYREFEdo precyedls wsieEons toredinthe PFEMEBE of codes i ncl uded
h d
in the me b@gz_'ﬂnﬂ Ehepaar ?fﬁfﬁ}'&‘?g &P &ﬁn}ﬁfsﬁllg; %I&?&ﬁhﬂ? amﬁdmr& is

downl i nk P on an |den ed aggr égat i-on to eac
accor di ng télsaiomdunwos@m@wnhduesspﬁm IThe ewdium cdmrme&jmsﬂm fo[r(de@ﬁ]]nnmg

apparatus t i scl 0S &
accor dance \?\nﬁl:a%é %Atno{étrll%;eﬁgsrqg(glgtgﬁeg{n% e rgmﬂg)rtﬂ% a(n,%lgp?‘ ratg'sg hEAHE q?ngr
generati ng aecmemaardmhiesxgmdmguem@seagm@@domﬂbveleﬁnpelset PpeCagriefyahdronciudes

ol ural ity of GEL g et b et Hrba e amEn Aot Ho DResTp fhesderdnisk
transmtted PD@CH%ﬁtﬂ&ErLgr t8é pénéradd dRenbih ke kit ahh Q- AGARgMd RmbiBMeits
dependent scranhbling squence and neans for transmtting the PDCCH

with the enfbdedovrikfiReCHo one or nore of the plurality of UEs.
[0033] A ne }dm] %Oﬁl&a&@&@@ rQRed hethn fa rgth%]ﬁ{a@%aoﬁﬁa&ﬁggc%gﬂé gtk of

decode P di scl osed in accor danc yet anot spect .
met hod conpPP&é&dl. Jéntapp%rﬁmg campyagey megpas |f@n80r@wléingt@R(56(CaslSDRBcamddlcy

:Mntjlh cgt(:) \g/n![ Ihg% aggrega |on %:Hﬂfq#’ﬁnﬁ?ﬁ% %\%{%d@% Eﬁ&@&%m‘m&beq‘wﬁce

furt her aspewnd medrsdoriransmstingibt vadedbled CRCplagsl oad size associated with
t he downlin [ n .anbi. guo l.ogd size that causes. a
recei vi ng U@ggﬁ;TStﬁggtoﬁéeﬁb ﬁh&%&ﬂfs NeaqepAnGgnyith yet another

aspect. The method comprises receiving and decoding a downlink PDCCH comprising

CRC bits scrambled with an aggregation level dependent sequence. It further comprises



[ 0035] A conputer program product, conprising a conputer-readable
medi umis disclosed in accordance wth yet another aspect. The nedium

conpri ses yaohdbieRet of codes for identifying an aggr egfldsioh LR
associated wth a downlink PDCCH for a UE. A second set of codes, are

al so comprised in the nedium for including one or nore bits within
the PDCCH, such that they indicate the aggregation level to the UE

9 [0036] Angthefr aspech.relat , t facilitate

0 Lo0s rngrssspshuiel 550 o SRECSE\ L LBk o e
i denti f yi ngagaregagign éayal assovidtel elth deseqieateshdrhietkiag the ViR G fue tROQEH iffedr
a specific UE Tt{le ED(;I(H conprising one or nore bits that indicate
the aggregaf#dF"8VE"® s sent to the UE by a transmitting means al so

i ncl uded wi {go2é] Khethapppeatrelstes (OQ3Witeldke chmenakesiphppsRmaNt TIRf agphfitus
foregoing and rel ated ends, the one or nore aspects conprise the
features hePYRPEYE @rmememythafosipies pastratinns far deseipmbling deesided &R G (Eyslis

the clai ms. REAg bRy @Wﬁ%iﬁ?&f&f%@bh ARy ARG PHECANAGX ek CUiRAMDER i fbied

forth in detail certain’illustrative features of the one or nore
aspects. ThuBkzhgasequssceaganciatedi coarsppading ey egeregition lgvehfor dbe ddwitling

. . . i ol i b ‘
Lo ous SR MAGIRDE RELUE) B2 Bhekat] BHF BB Sy fumctins
aspect s andstoludiin thequemvaent s. BRI EF DESCRI PTI ON OF THE DRAW NGS

0038] Fig. is,a schematic diagramof a.nultiple acc W r.el ess
iy RN e R S RN S A e T
i s a schematisClofddgir Qeti drlotRt ra@pdcnNg HRAMENUSPGEpRSS QBHAFRIdMbtIining an
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di fferent aggregation |levels for various users. 1%0040] Fig. 3

i |1 ustrat es 2@gicEManPrE! gpsqeigis mithos dowplink PRGGH andy g@ﬁg@ﬁ@w ggapence
(48 bits). ‘ | . e RSl oY), | J,N
accor dance \[;m&?[%ﬁ%%&%gg%ég‘% béé[r‘%glgl?tcg?igﬁr g}%det ail's Q‘gc g&%@gﬁ%ﬁgg ey
t ransm ssi oRhiek) dite derdhin devniinih PRECES preceranthdad dtdizing the escrated seqmtmse

decodi ng of ﬁE%Wed%ﬁg'dowﬂﬁ%DEbﬁ 6 illustrates a nethod of

reception t resses consequences arising due to multiple CRC
passes i n a¢i®esidancbembdplactareladsp®chn apparatus that facilitates accurate decoding of

PDCCH. The apparatus comprises means for receiving CRC bits scrambled with an
aggregation level dependent scrambling sequence and means for decoding a received
downlink PDCCH on an associated aggregation level. The aggregation level is obtained
by descrambling the CRC (Cyclic Redundancy Check) bits received in the downlink
PDCCH utilizing the aggregation level dependent sequence.

[0029] A method of transmission that facilitates accurate decoding of PDCCH by a
plurality of UEs, is disclosed in accordance with yet another aspect. An aggregation
level associated with a downlink PDCCH for each of the plurality of UEs is initially
identified in accordance with this method. A scrambling sequence corresponding to an
aggregation level for each of the UEs is generated and CRC bits for each of the UEs are
scrambled using respective scrambling sequence. The scrambled CRC bits are then
transmitted in a downlink PDCCH on an identified aggregation level to each of the UEs.
[0030] Another aspect relates to a wireless communication apparatus comprising &
memory that stores instructions for generating a respective scrambling sequence
corresponding to an aggregation level of a downlink PDCCH for each of a plurality of
UEs. A processor, coupled to the memory, is configured to execute the instructions

stored in the memory.



[0044] Fig. 7 is a flow chart detailing a methodol ogy of identifying
an ACK/ NACK accurately from anongst a plurality of ACK/ NACKs received

froma UE‘gﬁnggjlgﬁggent aggregation | evels. [0045] Fig. P%T}U%a%a@agyg
; I's

chart detalling a nmethodol ogy wherein accurate decodi ng of i
facilitated by utilizing aggregation | egel dependent rate matching.
[0046] Fig. 9 details another nmethod of transm ssion wherein

aggr egati on el, dependent CRC cli ¢ _Redundanc eck sk |.s .
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UE receiving it to accurately. code the F t hout Increasin e

ORC Tt e iy e Got B8 I¥GE AotigRg iy« oty KDGL Hh Rttt B Dluraity of

transm ssi onHshat scbaied det bododss Br PndrAin8ea UbaibliYe S86ade RRGEH ik LB48]
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Fig. 12 illustrates another nethod of transmi ssion that facilita

the UE to agegirgifien evakeionechmbderUVEs gosbe cringriscdgvithin the sasdammt Tlee CRC
di agram of gf; exauRhe S YRt SfBs CQRJ gHr g&%rhfﬂea rA0RE e SON K gg%t%g in"

a wirel ess communications network according tG one of NoOFe -asp
[ 0051] Fi g. adeprdanteiwith at thgd actosfhmdeseaipédinsis trehiunh and ite scoinfhlgluERA

;gcgsgsin\ée t gﬂ%@nré itrgl}%sngo I@emaeils n%\%%h?ﬁ(rﬁééﬁ oﬁ%%err]liti%g& Lgoggésgaggxg evcr:lkto each of
the UEs according to a fourth set of codes included in the medium.
[0032] An apparatus that facilitates accurate decoding of PDCCH is disclosed in
accordance with yet another aspect. The apparatus comprises means for generating a
scrambling sequence based on respective aggregation levels associated with downlink
PDCCH to be reccived by cach of a plurality of UEs. It also includes means for
encoding CRC bits to be transmitted to the plurality of UEs utilizing the aggregation
level dependent scrambling sequence and means for transmitting the PDCCH with the
encoded CRC bits to one or more of the plurality of UEs.
[0033] A method of transmission that facilitates UE to accurately decode PDCCH is
disclosed in accordance with yet another aspect. The method comprises identifying an
aggregation level to be associated with downlink PDCCH of a specific UE and
including at least a bit to indicate the aggregation level within the downlink PDCCH. In
a further aspect, the bit is included if a payload size associated with the downlink
PDCCH is an ambiguous payload size that causes a receiving UE to decode the
downlink PDCCH on more than one aggregation level.
[0034] A wireless communication apparatus, comprising a memory and a processor is
disclosed in accordance with yet another aspect. The memory stores instructions for
transmitting one or more bits that indicate an aggregation level associated with a
downlink PDCCH to a receiving UE. The processor is coupled to the memory and is
configured to execute the instructions stored in the memory.
(0035] A computer program product, comprising a computer-readable medium is
disclosed in accordance with yet another aspect. The medium comprises a first set of
codes for identifying an aggregation level associated with a downlink PDCCH for a
UE. A second set of codes, are also comprised in the medium, for including one or

more bits within the PDCCH, such that they indicate the aggregation level to the UE.



[0052] Fig. 15 illustrates a nultiple access wireless comunication
system according to one enbodi nent. [0053] Fig. 16 is a block diagram
of an enmbqgyuRkl,Qh @ transmtter system (al so known a%crrﬂﬁ REAHIR
point) and a recelver system (al so known as access termna 3 ina

M MO system DETAI LED DESCRI PTI ON [ 0054p Vari ous aspects are now
described with reference to the drawings. In the follow ng

descri ption r oses xp anation ecific

are set for ﬁ?gﬁnAg?tégr d?pSCtplfe(I)d\%b g & t“ﬁ%ﬂ}f%tt}bﬁﬁ%na%lf??egnﬁf%m gecfﬁélg o

nore as pgct §Dr(]]CtH m%‘hbea@dtadﬁnbomﬁwwlﬁéanstﬁggt 1d&uﬁhngl5@§@g§rséart]ﬁﬁylebﬁ

practlce W t Qutt se. s alls 55 used In this

appl i cati on?®spHated ¥ d%‘%ﬁ’ﬁk%bmf ot Frgefiac Wb s%t GCH fempising pnecor

ar e i nt endeehdr®bitd\GhiiiBicate GRIMU &atiselcatisd <@l b, UBWGh t@a%sﬁyﬁngﬁ&ednb

limted to hardware, firmnvare, a conbi nati on of hardware and

sof tware, sebpisiuded withinghe sppeetusn execut i on. For exanple, a

conponent e C i a
nmp ”?OB‘H To QHé akc%nﬂ)?ig%‘héﬂpc}fetﬂe tfgreg %191811 3?18{%8 t%ﬁga%é‘gbﬁ%%q 88re

processor, processor ect, an exgcuta
execution, abmctegompnbeahdfmura, lwonudtee fullyBieswibpd ehd partiadsnapeioted oboinh

an applicatlon runn| a.conpput.ing devjce and .the conmpyt .deyj ce
can be a cofborsRt ?ﬁee%gllpwr%ﬁ'g& %Wbcg‘n%[ﬁt%l AR 41%1‘1%%”? #qgg ih detaf

process andktesaii lihsastivef fofu@s of ipromnst rmore QRFRBE MhedB Yeabi@es 06 ahdiZBide,
on one corrp ter and/or djstrj ut ed between nor.e copput ers. I'n
addi tion, geEE érflf’%’ Fdhe sxEy ey ﬁ‘bﬁﬁ%@%@é‘n@ at Bqus AeRasise
media 11 hﬁwyrw e\@nd;@asadaatﬁﬁ d@icwﬁ&zws%teﬁaéarts%&&tﬁrﬁ%ch 18Rcts and their
conponents may communi cate by way of |ocal and/or renote processes
such as in &tEwledhce with a signal having one or nore data packets,
such as data from one conponent interacting wth another conponent in
a local system distributed system and/or across a network such as
the Internet with ot her BRHRDESORINAIONOE THESDBANVINGS0561

Furt her nnrewe}i@r'hl ; aspe ts re descri.bed herein in colnnectl on Wlt'[

a termnal, ch'& nSb & Ji4ETFof ) TIPS RPGes WOEICRse P Rupication
term nal casygdmmcbmlxqgaﬂolo@eoﬁmsmms devi ce, subscriber unit,

subscri ber stati nobi I st at nobi [ e, nobile device, renot e
station, refd & i Rl 5 %ﬁ&&éﬁ%ﬁﬂﬁ%%ﬂg T sPasenisHmated with digrent

conmuni cati g rg@ylbﬁ%w;ﬁ&rvaggggusersuser devi ce, or user equi prent

(UE). Awreless termnal may be a cellular tel ephone, a satellite
phone, a colriisEig: illishiesaean exampleif sepetifion foae pamicwaiopaykel sigs(49)bits).
phone, I S t.al

basi ot ant " ( BA°Fig RERlgREPEWbldloR) nis o B 800RInc ol B aspect
capability, (HMb]qugJﬁ|ch’gulslevh&tmdomgymfhmnsrmsnmewamgrddW|mdsamaspnem‘had
to a wirel egs dem over i aspects are described herein
in connecti gaf‘flwtf%acgurﬁ d% f%%?tﬁﬁﬂé(zﬁ%éfgﬁt ation may be utilized for
conmmuni cat i @4y Fig. 9iilahess a teesttiddna! iésption thaBlar &b STob@qti@cey £8chgt ue

as an access pob’piﬁ a_ Node B, or some. other termnology. 100571
Mor eover, t Hemy GRE Paﬁsgs ingecondnmge wih AR aeEn i ncl usi ve r at her

than an exclgsi|veig’ 9tis"a AR khdrp detmhg%sm%@a‘dl Bgyﬁ‘&k ﬁkﬂ%\?/g%ﬁ , AGK/IGAERT
fromthe context, the phrase "X enplo Is inte to nmean
any of the Aeguately fomepmenasba phirslity of ﬁ&i@NAﬂi@trecesvedtmnpﬂﬁage different
enpl oys A or, sfied by any of the follow ng instances: X
enpl oys A ngn%ain%n%&%fs or X enploys both A and B. In addition, the
articl es "a'l00dfidFigaR"is asflos ediait nictaling eapmtﬁodalb'gyomlmmdl hd:wrwppeumdeng of

cl ai nB shou er.al.l. construed t an .'on unl ess
speci T ed of RS Bdagite B iR bh et BohRERPe ol e Pbia « o a

si ngul ar f oromel1BR58L dEhls t @ethiet quaBodlegCrradigtsshar Q*h@reﬁia}igéi@gdﬂi%ﬁdleﬁfélr
various wrel es; comunj chtl og st egg?czuch as

OFDMA, SC- FEREETH (it &ryedig Sedpndaneshgheck) mask w‘éfﬁaléﬁﬁl d@WélﬂsOI?IRCCH

accurately.



12 technol ogy such as Evol ved UTRA (E-UTRA), Utra Mbile Broadband
(UVB), | EEE 802.11 (W-Fi), |EEE 802.16 (W MAX), |EEE 802. 20,

Fl ash- OF RA and E-UTRA are part of Universal I

Tel ecomﬁ%%é@%’gﬁw ystem (UMIS). 3GPP Long Term Evol ut iPSWkAP%'”P]sO a
rel ease of UMIS that uses E-UTRA, whichigenpl oys OFDVA on the downli nk
and SC-FDVA on the uplink. UTRA, E-UTRA, UMIS, LTE and GSM are

descri bed i cunent s from ani.zat i ap. named.." 3 eration
Par t ner shi pr[qgrqﬁj E”ét 1 %@@mgﬁ?ﬁﬁﬂﬁy@rﬁﬁﬁﬁg}l&@aﬁﬁfﬁw gﬁggﬁ}% manger that
descri bed i pidd@eUUERt@IVii®M i@ BcRFFEN idEaide Al PROEH Widkicht GRARKAE iIRNCRC
Par t ner shi prr oject 2" (3GPP2). Further, such wireless conmunication
systens may ESATTIES [y i ncl ude peerto-peer (e.g., nobile-to-nobile)
ad hoc net woyogS¥et @IBIQHLRD YRR SNPAshRdiodthiCEARRGsSPOENUE YiBurately
802.xx wireless LAN, BLTJETOOTH and any ot her short- or |ong- range,
wi rel ess coftaeds ERGCEh t echni ques. [0059] Various aspects or features

wll be pre eg: | Qat: f (f._rrl]gﬁ h .1 .acl :

devi ces, co@gﬂeﬁgéﬁzﬁgg%&éeg,angﬁ%}t e qtdi giie‘frgg’as%u%sgb %t %gﬁga%ﬂﬁﬁégﬁg{eo% fo
and appr eci atahitlpdecaln@DEaH.ous systens may incl ude additional

devi ces, co epts,..nodul es, etc. and/or may not inclu all of the
devi ces, CO@gﬂeﬁlth ,13&B&Lﬁcﬁghaéltcc&a%fﬁlgcﬁgaé’eﬁ(%wl%WFF&F?%%%%‘ﬁ gt
figures. A dowhiinkaPDOCHOTn & RWefstesa RPMAAGREGoHTBLRGECachEdE e . onk A36Hbre
Referring nowto Fig. 1, a nmultiple access wireless conmunication
system 100 Q%Btfdi ng to one or nore aspects is illustrated. A
wireless comgyel)i PRl 1 ANLSYAELMHPGADId JekhdRa 00E nPou R i EreR8SEdownlink
stations in_contact with one or nore UES. Although a si ngfe UE i's
shown, eachPPASE wraaviredess commpniveiiais ackvovie regulifolo oae pt mpwl aspogtsof
UEs. UE 1044 i-cgqm' | W th tr mis. .

i nformation {dtO§2]UE1g184 0\%{%‘?% %@Q}g@g ﬁ%fcgﬁg%irgéssi%ﬁ%@éeﬁﬁbgg%ﬁcn %‘%Cﬁ%dtull%tﬁ
from UE 104onwenboddwerise | ink 108. Forward |ink (or downlink) refers

to the co i.cation link fromthe base station o nobi l.e devi ce
and t he revgjr?lgzg hgnﬂé(%ra big ?WI%PEFE %t%bofiﬁﬁe“id’mw@%ﬁt%rﬁyﬁ?ﬁk&lso
from nobi | ekfiemi eethetadcdsh foilPaad Gtradeh@n Syst¥a (dlinotiatl & Rbds ERMinablin a
signal s aremuni cated by the BS 102 to UE 104 via conmon and

dedi cated c P ‘on channels. In particular, UE specific control
signals such as information regarding uplink resources, is

comuni cated by the BS 102 via downlink PDCCH Due to various reasons
such as probl ematic payl oad siRETAIGEDR ESCRIITEONCcati ons of PDCCH as

further det giobgduffiaxob0e ) o ke, 967 A0LE d S PEUEALE! o

decode P 1S un o 1 den resources
al | ocat ed t ¢ollowidipdesepptionk feopwpokes af icapisnatiod 3nfiB@61q spenifiacdetaild ane eet

with variou spects further detailed,infi-a, BS 102 or TIE 104 ca
ol ement v SN Gt B st Fae-Retdift ofe Gudhicibes f ey be
PDCCH t her ebyidtigadiwiger habiRB b REN(S MEFLB ipeaRtiLANSithondhe X poRli€detRR. 104
can be associated with an anal ysis conponent 110 and a processing

t

conmponent 118953InAg ussdrin &e abRACRPIa ederisc compeneRbugRodue” axysieys aad the
conponent 1§ aRd iREREESS! HAuOTPARGker kdidied! &iily, | S @ URH 1P limited to
different conponents for clarity, it can be appreciated that tlﬁg
functi ons dbadrpsedirepsi h combinpionaddardvede blyf sofevang Isefre aporsefitvarcTine
anal ysis co j i.fi i a i f | i nk_PDCCH
are probl erra@;t’)]&g&%%' %él’g?s%q}z%diagd& f/’h%nrtl clgedgﬁgls (;%\?\n%lfrﬁ%gqg %Q}megess
recei vi ng URmning @na asypesstr, atphecepay,| anathjet, 2@ axacutdbibe lautieadh of bxecution, a
information fields and CRC bits_ The processing conponent. 112 .

faci |1 tat os PIRAGHT RE L AZATRIGS; B Yyt PR Dok bolly it PRAGRYtoR THEniBg O fe
anal ysi s coopapeity deikeasnddo@iengorsi®iagi ®RVRE dht e Br @RARABH!I CORE 28 Smorken
accordance wth a further aspect, the processing conponent 112 can
avoi d the pFYBPYIGHISIRD IpsidestRIE] LRropesy 128daT Hycatedicexsadnigd & spmpoRsite

may be localized on one computer and/or distributed between two or more computers.

In addition, these components can execute from various computer readable media



14 blindly searches its expected DCI fromthe conmon search space and
the UE specific search space. The starting CCE index of the UE
specific e is given by a hashing function t

conpri se ﬁ%g@gégﬁgﬁeters of UE I D, subfrane nunber, g‘?@i@@%@?%f
CCEs and aggregation |level. 100631 In agcordance vvlth current E-UTRA
specification, there exists comon search space and UE-specific
search spac deflnedlnt‘ ms _of aggregated, CCES with a certain

aggr egat i onﬁT1 &%VE%QPéPdWﬂ%FﬁW%ét%%PB’S%PBr S SPPRANIEBEY AYMEHNISHeSY,
CCEs in a sefyaf Bealomtiof vange pideses @claaﬁmsa@a&ﬁﬂmammtasb a® hivixgshe or

nunber of CCEs. éQ CCE corresponds to a set of resource ement s such
that one PDEEFf backsideuelp a1 dafa from goneg cmlenwte%%mth another
condi ti ons %ﬂaﬁbr{eﬁtsﬁe£bcﬁlosy§teﬂ1' VRRHTRRAGHReMB b/ pécr(fysf al RIRSH SWBES o fRE
BS transmts to these UEs with different power [evels correspondi ng
to respect i Wcaptarifertheronsiems binway Fhthe sigealachi eved vi a t he

aggr egati on e S@E? I a sive

| evel that d0§ |ir:1§131%%§<1 el # g%?%ﬁ%ée%%% |%P%r§15n 1?%0155%3&01} ‘?%? §a énr?ii’t
to the UE vvlwih[o@ dae\bela Biredstetrhi@alnwrst wireia&etemahalyeq stn@imat bat alkﬁe wllbdi\ a
bad channel c ndi %I ons can. Iso ug the .BS signal s .trans .on
this |evel . viC ar*“%%% seber Ripty moliln SEHoT i qaobil
mul tiple | Oﬁahd:@ﬁ‘émafbd sMhéﬂ]l f&nﬁ)&e(férﬁiuﬁﬂ 8sels etmhalJFudeASedhindle eRfifhal,
different aggregation |evels to |dent|fy PDCCH. Thus, for exanpl e, a
UE can try SPRUBBSR EVIScater Gats e ABYies: OF UssraAqamimest G- wit wircless
aggr egati on Y. 0 S
o0 vl ookl faf vecechulal Blopfodch® sHRIRAhoE Y, CorBBANERbflcDF SLisph
| evel PDCCHmHgtionaRretorald SPOtphand, &l wicdess daegal foop &ﬁi&)ts@tmmoh pesonal digital

di f fer ent .32 di f.ferent
ocati ons | Aoy ams SR Rl Sodsbioil Bl ERlapmyping

space can ode&nd:eapr othezrmnr@asmngid&pmsmbnﬁeoreddm b ferelang mﬁ@@ﬁegﬁird:dirﬁr, various
| evel s. [00641 Iq‘f 2 .S ahgscherrati c fiqgure IIustratl ng sear.ch sg%ce
associ at ed \ﬁpteﬁsﬁ qespribed B g’gc‘a‘%‘?lﬁ(ﬁmpg\’) ‘I‘SBrSta\')lﬁ?l &Jgasﬁﬁ’ﬁgn m3
speci fi ¢ seafiiled Spacsnassatingtwith Wrél@ss&é’tﬁﬁ@i@g GREMEY bRH bk eMB& thas4n
and 4 for four different users UE #1, UE #2, UE #3 and UE #4 is

i | ust r at eda$9esSAoine: & Nadn B, orperae oibsy (GHNSPAEY for UE #1 for

aggregat i On[dog')’]eMo;eo%ét eORh M SGRehMde) mlint 4 1%31&9@91)( I%gher %’éﬁ
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for Mobile Communications (GSM). An OFDMA system may implement a radio
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etc. and appreciated that the various systems may include additional devices, components,
modules, etc. and/or may not include all of the devices, components, modules etc.
discussed in connection with the figures. A combination of these approaches may also
be used.

[0060] Referring now to Fig. 1, a multiple access wircless communication system 100
according to one or more aspects is illustrated. A wireless communication system 100
can include one or more base stations in contact with one or more UEs. Although a
single UE is shown, each base station 102 provides coverage for a plurality of UEs. UE
104 1s in communication with the BS 102 that transmits information to UE 104 over
forward link 106 and receives information from UE 104 over reverse link 108. Forward
link (or downlink) refers to the communication link from the base stations to mobile
devices, and the reverse link (or uplink) refers to the communication link from mobile
devices to the base stations. Various data and control signals are communicated by the
BS 102 to UE 104 via common and dedicated communication channels. In particular,
UE specific control signals such as information regarding uplink resources, is
communicated by the BS 102 via downlink PDCCH. Due to various reasons such as
problematic payload sizes, and multiple locations of PDCCH as further detailed infia,
the UE 104 may not be able to accurately decode PDCCH. As a result it is unable to

identify resources allocated to it for uplink communications.



17 In accordance with a further aspect coding rate can be less than %
in order to facilitate the UE to decode the PDCCH 100681 Fig. 5
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2, 4 or 8 control channel elements (CCEs). Thus, a physical control channel is

transmitted on an aggregation of one or several control channel elements. Each UE



19 bit collection, selection and transm ssion are detailed below in
accordance with this aspect. The circular buffer of length K = 3Kn

S generagggéﬁﬁngggjows: Denoting by E the rate natqghﬂg%@yhgﬁp

sequence | en or this coded bl ock, the rate matching outj
sequence is ek, k= 0,1,..., E-1. Al(u) isgdefined wherein uis the
possi bl e aggregation |level for control channel, i.e., u=l,2,4,8 Set k

0 andj = 0b%&l%/eseaﬁchcelsz)itsie];{ptycyéd/DeP gronKl\qhg Eoryr?llﬁrli Search space and the UE specific
search space. The starting CCE index of the UE specific search space is given by a
hashing function that can comprise input parameters of UE ID, subframe number, total
number of CCEs and aggregation level.

[0063] In accordance with current E-UTRA specification, there exists common search
space and UE-specific search space defined in terms of aggregated CCEs with a certain
aggregation level over which the UE performs blind decoding of PDCCH. CCEs in a
set are contiguous and sets are spaced apart by a fixed number of CCEs. A CCE
corresponds to a sct of resource elements such that one PDCCH can be made up of 1, 2,
4, 8 CCEs. As channel conditions with respect to a given BS can vary for different
UEs, the BS transmits to these UEs with different power levels corresponding to
respective channel conditions. This is achieved via the aggregation levels of CCEs such
that level 1 is the most aggressive level that requires excellent channel conditions in
order to transmit to the UE while level 8 is the most conservative such that UEs with
bad channel conditions can also receive the BS signals transmitted on this level.
However, at any given time a UE is required to decode multiple locations and within
specific location a UE has to decode different aggregation levels to identify PDCCH.
Thus, for example, a UE can try six possible locations for control transmissions with
aggregation levels 1 and 2, while the UE can try 2 possible locations for levels 4 and 8
in order to decode PDCCH. Additionally, for each level PDCCH can have two potential
control formats to address different purposes. As a result, the UE has to try 32 different
locations for identifying PDCCH transmissions. Further, the search space can overlap
or remain disjoint for different aggregation levels.

[0064] Fig. 2 is a schematic figure illustrating search space associated with different
aggregation levels for various users. UE specific search space associated with three
aggregation levels 1, 2 and 4 for four different users UE #1, UE #2, UE #3 and UE #4 is
illustrated in this figure. The search space for UE #1 for aggregation level 1 extends
from CCE index 10 to CCE index 15, for aggregation level 2 the scarch space extends
for CCE index 4 to CCE index 7 while for aggregation level 4 the search space extends
from CCE index 0 to CCE index 1. Therefore, there is no overlapping of the search
space corresponding to different aggregation levels for UE #1. The search space for
aggregation level 1 of UE #2 spans from CCE index 1 to CCE index 6, the search space
for aggregation level 2 spans from CCE index 1 to CCE index 4 while for aggregation
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situation can arise when the UE decodes one PDCCH with different aggregation sizes

due to overlapping of their search spaces. The search space of different aggregation
levels can overlap due to certain specific payload sizes as detailed infra. Such
overlapping of search space for different aggregation levels leads to certain ambiguity
regarding resources for uplink transmissions. This is because the first CCE of the
downlink PDCCH is used to determine the uplink ACK/NACK resources. Therefore,
the first CCE must be unique for uplink ACK/NACK resource mapping.

[0065] Another reason for the UE to detect PDCCH at multiple locations is ambiguous
payload sizes. As discussed supra, PDCCH comprises an aggregation of CCEs wherein
each CCE is comprised of 36 tones which are also referred to as resource elements.
Due to circular-buffer based rate matching, for a given aggregation size (2, 4 or 8),
coded bits start to repeat themselves after the first CCE. For example, aggregation level
4 would involve 144 resource elements (36*4) with 72 coded symbols. Fig. 3 illustrates
an example of repetition for a particular payload size (48 bits). As shown in the figure,
aggregation size 4 involves two repetitions, while aggregation size 8 includes four
repetitions such that each repetition starts at the same location in the circular buffer,
Due to repetition of coded bits and overlapping of search space between different
aggregation sizes, multiple aggregation sizes can pass the CRC (Cyclic Redundancy
Check) checking. As the first CCE of PDCCH is linked to the uplink ACK/NACK
resource for dynamic scheduling, UE may send its ACK/NACK in a different resource
which is not identified by the base station (multiple ACK/NACK resources are
possible). Generally, ten problematic payload sizes {28, 30, 32, 36, 40, 42, 48, 54, 60,
72} have been identified for LTE release-8 as the maximum PDCCH size is less than
80. It can be appreciated that the problematic payload sizes are identified herein as a
means of illustration and not limitation. Tt can further be appreciated that as systems
evolve they would be able to transmit larger payloads and therefore, the number of

payload sizes that give rise to ambiguous identification of PDCCH can increase. For



20 the CRC false alarmrate. This is achieved by scranbling the CRC
bits by a sequence which is determ ned by the aggregation |evel (for

exanpl e, J%?%%]ﬁﬁl%ﬁ% 8). The CRC bits are cal cul ated byghlag]agdaglg%ﬁ%n

transport one PDCCH. At the receiver, for
| evel the UE descranbles the bits firstjgpy the aggregation |evel
dependent scranbl i ng code. Subsequently it checks the CRC for one

gﬁgﬁf?ﬁtg' N ﬂse'fa f%%%éﬁéag iﬂ?‘% Eﬁcef@s‘?g%? g@ﬁ%ﬁ@c&tﬁn&ﬁ*ﬂe t@ﬁﬂéﬁ}%@d

of transm sslk@aauea@iab@um ai 20cbrihiglly ebi a @t QU h@BRLOB D dyR¥e lsize of 96
&l

associ ated with a downl is itnitially determ ne At 904 a

sequence ¢ oPF‘ie%ﬁS‘d?ﬁ’dfi?fﬁlﬁteB f‘?‘}%)(éﬁar"é}&&tmb% kFé\?@er@%Fﬂ fepEsqgsahpnpgber of
generated. ACEIQR k tdpResEiRCHRIdhmbECS rEMtl%Wtﬁé%ngg%k are scranbl ed

utilizing the generated sequence and the scranmbled bits are
transmi t t ed[0066]t Rig. doiliubtratts & omtindiology | dnfransmehion 08t ingg8oitdedasr with an

term nating,af { h?heep_% ]{%qugig ﬁ?%ﬁﬂ%\é@r&? p%.gl %@%&fgglet L+ @RRAe" AL 494,

aspect assoclated w ran manner
aids the UEnTesﬁagesvdrelgeﬁetattcbmacmmt elay pidbleoddc pindoddXixehlawl dvoialgtl. These

t he CRC fal t di ng,.to t thod, . .
hogr ot | onIeSPE A perauRe Sranb et 08 COhButEimi “nipdouti: Botssion of

PDCCH. One asnesk thlcaiseS fiorabs ddabicpsidnnevetd Beddcb@disPe bhe PDOCH is
and the corresponding CRC bits which are cal cul ated based on the

entire tran8pdftcdp Jiwvevenethisemisthpdelogn dg rdseiident pRevagieubdedon; ugh as
before Checgéﬂﬂgvﬁtﬁ%e%on U el ) h rﬁ@érq}lﬁngrﬁﬁ Sdﬁ{eﬂfqgl %! Bfether

bits after channel coding or rate na receiver
initially déscyysietyl esplements d&d? \i’?éuinsi)g&nabn Ehrptﬂxbs od&dlﬁh(ﬁlng@cn Digiivs

2{) ' i)l ugt r Sb'ugl@xf‘nﬂd&ﬁ&naliyn%hﬁsaﬁl&tﬂgd m%rc%scgetﬁc mpl QRQ cngssirgg fMe gaes:e

station as all possible combinations of aggregation levels should be tested to avoid
specific payload sizes.
[0067] As mentioned supra, ten problematic or ambiguous payload sizes are identified.
Based on factors such as 1/3 convolutional coding rate, QPSK modulation and the fact
that each CCE corresponds to 36 resource elements, the problematic payload sizes n
should satisfy the following condition:
n*3/2%k =m*30, or, n = m/k*24, where k,m are integers, and m<8
- nrepresents the payload size
- mrepresents the number of CCEs
- krepresents the number of repetitions of the coded block
- n should be less than (8-m)*36*2*x = 72 * (§-m)*x where
X is the maximum coding rate constraint and 0< x <i
If m=7, n<54
+  Ifm=6, n<108, efc.
- For instance
n=48 (m=2, k=1)
n=36 (m=3, k=2)

n=32 (m=4, k=3), etc.
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In accordance with a further aspect coding rate can be less than % in order to facilitate
the UE to decode the PDCCH.

[0068] Fig. 5 details another methodology of transmission 500 in accordance with an
aspect that facilitates accurate decoding of PDCCH by a UE. The methodology begins
at 502 wherein it is determined if packets for downlink PDCCH correspond to
ambiguous payload sizes identified supra. If the data packets do not correspond to the
aforementioned ambiguous payload sizes, the method moves to 508 wherein they are
transmitted to the UE. If at 502, it is determined that the packets correspond to one of
the ambiguous payload sizes, based on the packet size the number of bits for zero
padding can be determined as shown at 504. For example, if a payload of size 40 is
padded with two bits, it resuits in a payload of size 42 which is another problematic
size. Hence, the number of bits for zero padding can vary based at least on the payload
size. At 506, the payload is processed to include the zero padding bits as determined at
504. At 508, the packets processed thus to include the zero padding bits are transmitted
to a designated UE. This methodology thereby avoids ambiguous payload sizes and
aids the UE in accurately decoding PDCCH as it mitigates overlapping of aggregation
levels.

[0069] Fig. 6 illustrates a method of reception 600 that addresses conscquences arising
due to multiple CRC passes in accordance with an aspect. This method does not require
changes at the base station, rather, it is implemented by the UE to unambiguously select
uplink ACK/NACK resources. In accordance with this method, a UE decodes all
possible aggregation sizes as shown at 602. At 604, it is determined if the UE has
decoded PDCCH on more than one aggregation level. If the UE decodes only one
PDCCH, the method terminates at the end block as the uplink ACK/NACK resources
are accurately identified. However, if at 604, it is determined that the UE has
successfully decoded more than one PDCCH, the method proceeds to 606. At 606, the
lowest CCE index among those valid PDCCHs (the CCE corresponding to the highest
passing aggregation level) is selected. At 608, uplink ACK/NACK is transmitted
utilizing the resources determined at step 606. The method subsequently terminates on
the end block. This method thus facilitates in unambiguously identifying resources for
uplink ACK/NACK but require the UE to do a complete search of all the PDCCHs it

can decode in order to identify the CCE with the lowest index.
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[0070] Fig. 7 is a flow chart 700 detailing a methodology of identifying an ACK/NACK
accurately from amongst a plurality of ACK/NACKSs received from a UE on different
aggregation levels. The method begins at 702 wherein a base station receives uplink
transmissions from a UE. In accordance with this aspect, the uplink transmissions can
comprise ~ACK/NACK  associated with previously transmitted downlink
communications. At 704 it is determined if a plurality of ACK/NACKSs have been
received. If it is determined at 704 that the base station has received only a single
ACK/NACK corresponding to uplink resources allocated to the UE, the process
terminates on the end block. However, if it is determined at 704 that the base station
has received more than one ACK/NACK from the UE, the method proceeds to 706
wherein the aggregation level g(k) corresponding to the downlink PDCCH for which the
UE has transmitted the ACK/NACKSs is identified. At 708, all the ACK/NACKs
reccived from a UE for all valid aggregation levels less than or equal to g(k) are
decoded. At 710, the attributes associated with each of the decoded ACK/NACKS are
determined and analyzed. At 712, a particular ACK/NACK is identified as the valid
ACK/NACK. for the downlink PDCCH based at least on the analyzed attributes. For
example, the energy in an ACK/NACK channel or SNR (Signal-to-Noise Ratio) of the
uplink ACK/NACK transmissions can be determined in accordance with different
aspects. Based at least on the determined attributes of the decoded ACK/NACK
channels, a specific ACK/NACK is identified as the ACK/NACK transmitted by the UE
in response to a downlink transmission. For example, the ACK/NACK channel with the
most favorable SNR or highest power can be identified as the UE response to a received
downlink transmission. Rather than mitigate the UE from decoding more than one
PDCCH, this method counterbalances the impact of a UE decoding more than one
PDCCH by identifying a valid ACK/NACK from the plurality of ACK/NACKs sent by
the UE in response to the received downlink PDCCH. While this method may increase
the decoding complexity at the base station, it is very robust and would not require any
further implementation at the UE.

[0071] Fig. 8 relates to another aspect wherein accurate decoding of PDCCH is
facilitated by utilizing aggregation level dependent rate matching. For different
aggregation levels, different rate matching algorithms are implemented by shifting

resource mapping by an aggregation level dependent offset. The procedures involving
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bit collection, selection and transmission are detailed below in accordance with this
aspect.
The circular buffer of length X, = 3K, is generated as follows:

wy, =v® fork=0,..., Ky -1

wKn+k=1’£l) fork=0,..., Ky -1

Wag 1k =\;;(c?') fork=0,..., Ky -1
Denoting by £ the rate matching output sequence length for this coded block, the rate
matching output bit sequence is e, k=0,1,..., E-1. A(u) is defined wherein u is the

possible aggregation level for control channel, i.e., u=1,2,4,8
Setk=0and;j=0
while { k< E}

if winagx,, #< NULL >

€= [ TT—
=k +1
J=i+l
else
j=j+
end if
end while

[0072] The method 800 illustrated in Fig. 8 begins at 802 wherein the aggregation level
to be used for a downlink PDCCH transmission to a specific UE is determined. The
resources for uplink ACK/NACK for the UE are mapped utilizing an offset as shown at
804. In accordance with a further aspect, the offset is determined based on the
aggregation to be used for the downlink PDCCH. At 806, resource assignment
messages to be transmitted in the downlink PDCCH are generated such that they
comprise the aggregation level dependent offset. At 808, the PDCCH is transmitted to
the UE thereby aiding it in accurately decoding PDCCH. Upon receiving the PDCCH,
the UE extracts information considering the aggregation level dependent shift.

[0073] Fig. 9 relates to yet another aspect wherein aggregation level dependent CRC
{Cyclic Redundancy Check) mask is used to aid in decoding PDCCH accurately. This

method can aid in the downlink PDCCH being accurately decoded without increasing
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the CRC false alarm rate. This is achieved by scrambling the CRC bits by a sequence
which is determined by the aggregation level (for example, 1, 2, 4 or 8). The CRC bits
are calculated by the entire transport block for one PDCCH. At the receiver, for each
aggregation level the UE descrambles the bits first by the aggregation level dependent
scrambling code. Subsequently it checks the CRC for one aggregation level
corresponding to the scrambling sequence thereby ensuring that only one aggregation
level passes the CRC. The method of transmission 900 begins at 902 wherein an
aggregation level associated with a downlink PDCCH is initially determined. At 904 a
sequence corresponding to the aggregation level for the PDCCH is generated. At 906,
the CRC bits for the downlink PDCCH are scrambled utilizing the generated sequence
and the scrambled bits are transmitted in the downlink communication as shown at 908
before terminating at the end block.
[0074] Fig. 10 relates to another aspect associated with transmitting downlink PDCCH
in a manner that aids the UE receiving it to accurately decode the PDCCH without
increasing the CRC false alarm rate. According to this method, aggregation level
dependent scrambling codes are applied to the PDCCH. One aspect relates to
scrambling the entire transport block and the corresponding CRC bits which are
calculated based on the entire transport block. The receiver descrambles the decoded
bits before checking the CRC. Another aspect relates to scrambling the bits after
channel coding or rate matching such that the receiver initially descrambles the received
signal before decoding. As a means of illustration and not limitation, one design for
4CRC mask can be:
<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>
<1,1,1,1,1,1,1,1, 1,1, 1,1, 1,1, 1, 1>
<0,1,0,1,0,1,0,1,0,1,0,1,0, 1,0, 1>
<1,0,1,0,1,0,1,0,1,0,1,0, 1,0, I, 0>

[#075] The method 1000 begins with identifying the aggregation level to be used for a
downlink PDCCH for a specific UE as shown at 1002. In accordance with this aspect,
if different aggregation levels are used to transmit PDCCH for different UEs, then
different scrambling sequences corresponding to the various aggregation levels are
generated. The information to be transmitted on the downlink PDCCH for each UE is

then scrambled using the scrambling sequence corresponding to the aggregation level
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used for the PDCCH for each respective UE. Accordingly, a scrambling sequence
corresponding to the aggregation level is generated as shown at 1004. The CRC bits are
then scrambled with the generated sequence as shown at 1006. As mentioned supra,
this can be achieved in two ways by cither scrambling the entire transport block and the
corresponding CRC bits calculated based on the transport block or the bits can be
scrambled after channel coding or rate matching. At 1008, the CRC bits scrambled in
accordance with the generated sequence are transmitted in the downlink PDCCH and
the method terminates at the end block.

[0076] Fig. 11 illustrates another method of transmission 1100 that facilitates a UE to
accurately decode PDCCH. The method begins at 1102 wherein the aggregation level
for a downlink PDCCH for a specific UE is determined. At 1104, bits are included in
PDCCH to indicate the aggregation level. In a more detailed aspect, two bits can be
included to indicate any onc of the four aggregation levels (1, 2, 4 or 8). PDCCH thus
modified with the bits indicative of the corresponding aggregation level is sent on the
downlink to the particular UE as shown at 1106. The receiver can initially decode the
indicator bits to identify the aggregation level on which it can receive PDCCH.

[0077] Fig. 12 illustrates another method of transmission 1200 that facilitates the UE to
accurately decode PDCCH. The method begins at 1202 wherein a payload size for
downlink PDCCH for a specific UE is determined. At 1204, it is further determined if
the payload size is one of the ambiguous payload sizes mentioned supra that cause
confusion at the UE regarding the aggregation level at which to decode downlink
PDCCH. If the payload size does not cause ambiguity at the receiver, the method
proceeds to 1208 wherein the packets are transmitted to the receiver. If at 1204 it is
determined that the payload size causes ambiguity at the receiver, then bits are included
in PDCCH to indicate the aggregation level as shown at 1206. In a more detailed
aspect, two bits can be included to indicate any one of the four aggregation levels (1, 2,
4 or 8). PDCCH thus modified with the bits indicative of the corresponding aggregation
level is sent on the downlink to the particular UE as shown at 1208. The receiver can
initially decode the indicator bits to identify the aggregation level on which it can
receive PDCCH. The aforementioned aspects that relate to including aggregation level
indicators in downlink PDCCH can be applied for UL grants and DL power control
(Format 3/3A) to satisfy the requirement that Format 0/1A/3/3A should have the same

size.
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[0091] In communication over forward links 1520 and 1526, the transmitting antennas
of access point 1500 utilize beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 1516 and 1524. Also, an access point
using beamnforming to transmit to access terminals scattered randomly through its
coverage causes less interference to access terminals in neighboring cells than an access

point transmitting through a single antenna to all its access terminals.
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codi ng, andagredul aFX%tafﬁl‘Bc&é’&hmq@tf@nﬁattsr @AM TRYd PeerRel R ﬂﬁﬁicb&éta for

i nstructions cE;Ierfor med rocessor 1630 in conjunction Wt

1632. [0096%a hﬂ@tarmwamd:tais o1z ¢ phicslar opding schdme aclseted forghatrdata steam to
provi ded to,a kX M. PJ ocessor 1620, which may further process the
nodul ati on EyanoI ., for OFDM. TX M MO processor 1620 then

provi des NT[0fD&ul izt cqnind shgtatfot es&hrda&rﬂreﬁm hily be ainkipld<be math(pilvl Bta Lsidiga

t hrough 162 ertai ment s ocessor, 1620 appl.i.es
beanf or ni ng6LF }’{Sﬂetc g5t é‘eg’y as‘S@fﬁl‘faIl@ Mﬂf)ﬁ'né‘fﬂéﬁﬁﬁma{% ‘St%m?%ge
ant enna fromibivehmirther aydhely bs ubel Bgther @e&MErt dye@m {08MiAatdEaNchannel
transmtter 1622 recel ves and processes a respectl ve synbol streamto

provi de one™8POsHr hsialtiplxed giefiaad cadrd datsrfonesch cﬁéﬁoﬁ“ﬁ%‘ﬁﬁ%"h@éﬂ@dﬂmd
Al {1'eS, fid ool Al URGSNEH  Sidile: ANRLA0n GBRIE oL BrREOVSIR. B

nodul at ed si Sui é for transm ssi on over
modul at ed ngﬁaPFsWQAM)t eteqtedifox et date 3eam mmcnghie m@zrtlatzan emh@l& The

transm ttedyfys om. Coay%eggﬁg%@%#ﬁe {%f ough cg?{?azﬁh Go“ He?te%l{ted gye

[0098] At receivef sys ransni srgnal’s
recei ved byinNRicitepmisnd&bpprottss@u@ghl ilb&djunatich whlenkﬁms_,t MEd. si gnal

fromeach a 165 0 especti ve recejver

1654a thr ou@h&{i %tf?nrqé@’l’f)@jdr ﬁigg% %‘?‘?E‘f“tair%ﬂ?n(péové ed @.a|%
anplifies, p:@des@@vmo,nwmlbh %ay%ﬁ@c&gﬁ&iebs\/@e heeaiavied s lSHlﬁ o.g dfoﬁ'dFD@\Qﬁ
t he condltloned SI nal to provide sanples, and furt grocesses t he

sanpl es to provf! ei’%%?ﬁ?oés%ﬁgﬂdﬂﬁ@ Prpé‘éﬁﬁ Wedmodylatins! SEIP @apffcams to Ny
transmitters (TMTR) 1622a through 1622t. In certain embodiments, TX MIMO

processor 1620 applies beamforming weights to the symbols of the data streams and to
the antenna from which the symbol is being transmitted.

{0097} Each transmitter 1622 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. At modulated signals from transmitters 1622a through 1622t
are then transmitted from Ny antennas 1624a through 1624t, respectively.



[ 0099] An RX data processor 1660 then receives and processes the NR
recei ved synbol streans from NR receivers 1654 based on a particul ar
receiver RLGSESALAS technique to provide NT "detected"

streans. The R>ﬁdata processor 1660 then denodul ates, ggi)ﬁr?tgg‘irﬂ /g?g\l}leos,
and decodes each detected synbol streampd o recover the traffic data
for the data stream The processing by RX data processor 1660 is

conpl enent ar o,t hat. perfor by TX M processor 1620 and. TX. dat a
processor 1 é%z&a{ﬁ { %rglr‘{ grrﬁ P eglrn?%y 5 %115 r%r df%‘f%/tgd fﬁgif%%?ﬁ WO 5GP Wi%% N
peri odi cal | yntehetagr 165 he shradgtc b6 freand Ol NgcaiRBddr §ignall drdas @adid bstemiss e6k2 is
bel ow). Processor, 1670 for nul at.es e | i nk sage conprising a
matrix i ndeX" P iBf rﬁfpc?créver%ﬁ?&v‘?}‘ o@ﬁ?)ﬁhm‘f%’onﬁ%ﬁ' Theh FEvEPss 4
l'i nk nessageotitions ORI Hleery, dbrhPlies! MRE FoRhodnRER) NBLdsPELHVE FaENadsikNE
conmmuni cation | ink and/or the received data stréam stored in nmenory
1672. The r digdizsethejcardiiencd sigmal to provede rotessanddumier prorresaathg samples to
processor 1838: . WH FRCA f&lc data for a nunber of data
streans frog aiggugﬁg%%b%gg1%%%?6/%8%%%%&&/ a nodul ator 1680,

condi ti oned [(#Y%1t AaShilats prasesheb U Otthenogghives 684 procayses the Arsedetved dyinhalk
to transmt Y, 1610, 2 transmitter .system 1610, . t.he
nodul at ed s%tg%]agﬁ s@rﬁow rfg(éegveﬁ;lm{/gb?jagoy%‘%a i ‘18%%‘0 [pleres %Ig%ri Rr&w Hye %ﬁmﬂ‘ﬁa@
1624, condi picvitedviiidetrceed! siatlnl ditams. dhswdUliai pebcbyonl (e meddcaiodiilates,

1640, and processed b dat rocessor 1642 to extract th
reserve | i nKSHHEESHEE %#?ﬁg?)ﬁef ceh %Wq#esymeéffrﬁém GG dhisgtyific data for
Processor 1@R0iath@Raget Bl prbssivd b RIS GRS T80 is tofPleHRBtahPlo that
determ ning the beanform 8\% wei ght's then processes the extracted

€
nessage. [00¥BIMety VArYIBYS profasser 420 \vad | Togidets, proesssos 1616 jab gkpsmitter
nodul es, and, &l ¢gigh s described in connection with the enbodinents
di scl osed herein may be i nplenented or perfornmed with a general
pur pose prodW3ehs, precekisgi 1670 pegeddallyr datessos HISP) preandiapphatdat toomse
specific in rat ircupt (AS field programmabl e gate ar.r.a
(Bpen) or ol BN EA st ebioat w0 o Ruhiagled g EgHS EME Sl cSmPhSRY o
transi stor mogixinded meret ssdhanchwailg: po2ilorconponent s, or any
conbi nati on th&rf‘rgf desi gned to performthe functions_described .
herein. A gfePIERIVESE ENprEEEss B> FAFPEY it hppt cldaprtionsearding
the al t er nakieV@mnifcB60 HER 308/0FBY B&IRAYaGOANERdREREN RERSESEPN, The
controller, mcrocontroller, or state machine. A processor rmy also
be i npl ement@Ersasling weiBENAY fhen WPcsEEplit itnXodd peasesser 638, awhich also
conbi nat i onQbivas PRc3AE Br TnEhBH QOGRS Aeamt AL Bhh ¥ 1656 madulated
m croprocessors, one Or nmore m Croprocessors in conjunction Wit hUa
DSP core, obyamodotaterl 68 cionditofidddhyr teanbmiitersAddita thomaghl p54mmtnd easmittede
processor onprise _one or re nodul es operable to performone or
nore of thg%é/%kgtﬁé%ﬁsﬁﬁﬁ%rrsyg%?i1(922‘ descri bed above. [00104] Further,

the steps anieAackh@figeodys@mTes 100 theohodilged bighilt BRECricEee dybtem 1650
connection with the gspect s di gﬂgose .herein may be enbodied directly
i n har dwar e Feegived P vt Abh d R %F@dbbfe%tel‘ﬁr%dé%?s&eﬁl%mafeﬁ by
conbi nat i ondghodlfot Y10, A plokdBERLRAUL %aﬁ%\ﬁe@s& dg43 B EAMBEREN  rve
flash rrermrifi, ROM nenory,. ROM nenory, EEP menory, registers, a
hard di sk, &0k gwsspae ransglided bysthersoRor svsiera i Oothienessop A i3 lothers dleserayres
medi um kno i e . : i . he

o the proconsh, PSRk pAfnfETRL ot ke TRE MERRAARE AR B
and write i pfooessetthopxttasiedinmesageor age nedi um In the alternative, the

st orage nedi be. i nt al_to.th rocessor. . Eurther. in .so .
aspects, t hzdﬁgkﬁﬁ%g%%°“%Hg‘g{f%é"eé?%?sagoéﬁ)%g@f’ WEQUIF%QP‘ggi"iuHS &?P"%E‘Tddn
Addi ti onal | yonrebigonAGIICtRBdMbcEEheles Hisclased SR feit @fafibddhplehienicb®r performed

alternative, .the processor and the st ,r_a&e,rre?i um may reside as = .
discrete coffiBnd@ELerplPYPRRCePIOPeSiqh AafisitaARignal Gromesspr (PRP) geapplication

specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other

programmable logic device, discrete gate or transistor logic, discrete hardware



28 other nediumthat can be used to carry or store desired program
code in the formof instructions or data structures and that can be

accessed ByopaoeasRw er. Al so, any connection may be tenmgaicdnionsonto
conput er -r eadabl e medi um For exanple, if software is transm ?teg

froma website, server, or other renote2source using a coaxial cable,
fiber optic cable, twsted pair, digital subscriber line (DSL), or

the comi al Oapr ey or B il Biy AeEsh oo Tk fue AR B} MG, hdfihe

t echnol ogi edesing hA asnéralfrapasd procasioomagrbed aninwrapneoesson rtat, i in chaiglesdnative,
t he defi niti}g)n of nedi um Di sk and[.dilist as used ﬂerei.n, inc‘ludes .
conpact di s&M( BB dBET PP CONSBRYORE) PIGPSSRorns gandiofslh mjgrpeotitoflers gy state
(DVD), floppuackinek angtoldsibrrayy dissCheMiaplementsk Sis US ahbMatiPbO AbiGuting
data magnetically, while discs usually reproduce data optically wth
| asers. ConHFYISRSi ond: GF COMEMaRRN fs Hobsg ahd o2 pBIcTpEYCgerel i Phiralitt hef

scope of co ﬁﬁ%ﬁﬂbbés@&g,ﬁ#e%r TRAL Znicrd 8404 W Eé[ﬁ\.}t{cgﬁ%g@tlﬁedgﬁSﬁ gote,[ or any

di scl osure discusses illustrative aspects and/ ments, |
shoul d be né&thed sedhagonfigviaters Additigoslhand lersidits patissmsmeoubmplre omede

andlor embod RenCarse CAERILIEbhAREREREE B T SRAL WEG, R APoed

and/ or enbodi nents as n e appen (
al t hough el ebemts of the described aspects and/or enbodi nents may be

descri bed or Lmed in the singular, the.plural is cont, | at e )

uni oss 11 m 1SR he SERyAraPr 6t WepPt @ efhogs & & .0’31%%(?@?%%’5?1!?,
al'l or a pokbiretidf widinihe agReEisBRIOer@i R ERAbOIBY diRQtIY i hdrd®ste Whth
all or a portion of any other aspect and/or enbodi nent, unless stated

ot herwi se. SPGV&F MATEICTEXCQIGERNY ATEESST RhENT SeNbRIIAL habid i faplyare

ST L, o) RO Ao R, LM el ST
EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium may be
coupled to the processor, such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. Further, in some aspects, the processor and the storage
medium may reside in an ASIC. Additionally, the ASIC may reside in a user terminal.
In the alternative, the processor and the storage medium may reside as discrete
components in a user terminal. Additionally, in some aspects, the steps and/or actions
of a method or algorithm may reside as one or any combination or set of codes and/or
instructions on a machine readable medium and/or computer readable medium, which
may be incorporated into a computer program product.
[00105]In one or more aspects, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored or transmitted as one or more instructions or code on a
computer-readable medium. Computer-readable media includes both computer storage
media and communication media including any medium that facilitates transfer of a
computer program from one place to another. A storage medium may be any available
media that can be accessed by a computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or other

optical disk storage, magnetic disk storage or other magnetic storage devices, or any



determining if payload size of a payload for the PDCCH i s anbi guous,
wherei n an anbi guous payl oad size causes a UE to decode the downlink

PDCCH on #fipne aggregation |evel; changing the e
by zero- p?d)dcihg%ogndaza packets for the downl i nk PDOCH wi ?E%%}r%g@glroﬁbﬁ)

bits for the anbi guous payl oad size; amgg transmtting the payl oad
with the zero padded data packets 2. The net hod of claim 1 V\,herei n

t he number 81],che1b Hﬁ&ajnogl-xagfz{nobep gd yor ?tﬁre deblr d east On ﬁ Yorm (g‘

size. 3. The € pay S A
anbi guous i fnstructiont b *dad, stmtaexm imd thar ean bt agmsed lm a&pfr@&em s&ltaé]eany

nunber of CCEs ntro annel El ene and |k represent r

repetiti onsc%”rnegﬂoélo@@ﬂ"%l azf"mPH@r”ﬁ@ﬁ%H‘a nl?fh“(‘ﬂ af th %"WE‘T éfu Eir:ir’%r’f‘iafesls
| ess than 8uamshitted ﬁomwewfb CRAR DR reflotk (sBurke AR alcBBtialncabR, HB&S
than (8- m)*36*2*x. processor configured to facilitate accur at e

decodi ng of opﬂmhl%wate@ﬁalrat%% Pehserdles ling GAPk) 81 wyeless tedmplogicaseni s
for deterni mffagedaalad@g%&%agg}avé an&l ¢ élt«,%aﬂavmlen P‘?ﬁ[@yﬁwo"a@g & Vp i

characterized by a first nodul e for determning’i Size o
payl oad for DShe oPBaeiasy @CmWsh amhecrdeedn ragip, amtbirguaw@vq)aly:l ioclddssli i me
causes t.he H{% &e? g%gog%iedlu?n dB dIISC ) useg%erem mcthf(%é 0%139‘9[06 gﬁc &39&

aggregation lever a secon for-cenangr iy
by zero-pad I:hserghstabpﬁqaamk@tnglfabfzerkdm@e disD VD flBpECiiskhiidblangy disc Whee

? Ih'észl(;;):‘) ;ggpg ugﬂf %%b(@@%l%ﬁfgtg msatgég:icgﬁq \aEllrllaen srgls E.lgdaﬂg répgoed cg dlatg%%tlggllgzh
with lasers. Combinations of the above should also be included within the scope of
computer-readable media,

[00106] While the foregoing disclosure discusses illustrative aspects and/or
embodiments, it should be noted that various changes and modifications could be made
herein without departing from the scope of the described aspects and/or embodiments as
defined by the appended claims. Furthermore, although elements of the described
aspects and/or embodiments may be described or claimed in the singular, the plural is
contemplated unless limitation to the singular is explicitly stated. Additionally, all or a

portion of any aspect and/or embodiment may be utilized with all or a portion of any

other aspect and/or embodiment, unless stated otherwise.



6. The processor of claimb5, wherein the second nodul e determ nes the
nunber of bits for zero paddi ng based at |east on the payl oad size.

7. The processor of claimb5, wherein the first nodule identifies the
payl oad size n as anbiguous if n = inik*24, where k, mare integers,
m represents the number of CCEs and k2% epresents nunmber of
repetitions of a coded block 8 The processor of claim7, the first
modul e further identifies n as anbiguous if mis less than 8 and n is
| ess thanCRims (8-m)*x wherein xis maxi num coding rate and val ue of x
lies between zero and one. 30 9. A conputer program product adapted

to execut g, @ nigRsdRnEhsAibsioh hARGTEReS SRR déctiml of PBCOHILY 4 Y B9 cABRlg at €
decodi ng of PDCCH by a UE, conprising: a conputer-readabl e nedi um

conprising: a zerath set of codes f terplni ng an aggregation
Tovel fordondprnisriBsRepefRa e TR I Dou D, S0 et set of
codes for caushiisteszetynputer to deternine if payl oad size of a

payl oad for ddeerminingd pBDOGES of spagmabivighaBOCCH iswhidues.n an anmbi guous payl oad

size causes a mﬁeidaﬁanﬁigﬂh@#@loﬁdmecﬁl@éf@UEtdidéco&@@ﬁﬂvdmﬁ]{PDU@{oﬁméfhﬁaﬁorﬁﬁg@regaﬁon
aggregation | gygl; and a second set of codesfor causing the conputer

o el Ry R R B B
payl oad with tHEUMSPYOWSERY dat a packets. 10. The conmputer program

product of cl diersnigng tepsyioadeith tegerpnailded dalgpagkeshi rd set of codes t hat
determ ne a nunber of bits to be included into the data packets for

zer o paddingnHaseshi @n 1 @RSH holambeh@hitPBd:biPRAGkINT ks BBed atleast on the payload size.

3. Themethod of claim 1, wherein the payload size nis ambiguous if n = mk*24, where k, m are integers, mrepresents
the number of CCEs (Control Channef Elements) and k represents number of repetitiens of a coded block.

4. The method of claim 3 wherein m is less than 8 and x is maximum cading rate, 0<x<1 such that n is less than (8-
my*36*2°x.

5 Aprocessor configured to facilitate accurate decoding of PDCCH by a UE, the processor comprising:

a zeroth module for determining an aggregation level for downlink PDCCH for the UE; characterized by

a first modute for determining if payload size of a payload for the PDCCH is ambiguous, wherein an ambiguous
payload size causes the UE to decodle the downlink PDCCH on more than one aggregation level; and a second
module for changing the payload size by zero-padding dafa packets for the downlink PDCCH with ane or more
hits for the ambiguous payload size and transmitting the payload with the zero payload data pockets.

6. The processorof claim b, wherein the second module determines the number of bits for zero padding based at least
on the payload size.

1. The processor of claim 5, wherein the first module identifies the payload size n as ambiguous if n = mik*24, where
k, m are integers, m represents the number of CCEs and k represents number of repetitions of a coded block

8. The processor of ctaim 7, the first module further identifies n as ambiguous if m is less than 8 and n is less than 72*
{8-m)*x wherein x is maximum coding rate and value of x lies hetween zero and one.



11. The conputer program product of claim9, wherein the first set of
codes determ nes that the payload size (n) is anbiguous if n =
61(124, where k, mare integers, mrepresents the nunber of CCEs and
k represents nunber of repetitions of a coded block. 12. The conputer
program product of claim 11, wherein ithe first set of codes

determ nes that the payload size (n) is anbiguous if mis |less than 8
and n is less than 72*(8-m*x wherein x is maxi num codi ng rate and
O<xcl. 13. An apparatus for facilitating accurate decodi ng of PDCCH

by a UE, go InShr Nk I 1o : i
el 1 or Sanpin A TEBRR T bl AR i fa BN B o
payl oad siz B g?in%%m'for the PDCCH;, characterized by neans
(1306) for processing data packets for the downlink PDCCH by

i ncl udi ng one acompuiapreedlalitel ediunf comprisiige  anbi guous payl oad si zes, wherein
an anbi guous payl oad size causes a UE to decode the downlink PDCCH on

nore than one a i ).t L L
e eyt aca o AR L g AL SOt el
communi cati on aphHFSREGCONeIE NG A oy lertateio g Aaopdpit of fpiiiecda cowink PDCCH
i nstructions f orsapkigusuemheaiign anbiguesiaadsie @y adE loderede tie divivex PECGHen more and
a processor, cottai @elagyregatohievelmadror y, configured to execute the
instructions st Qsgsddefdfoldesor HRMPHLemputerto include ong ormore bitsinthe datapackets thatcorrespond

to the ambiguous payload size for zero padding and to transmit the payload with the zero padded data

packets.

10. The computer program product of claim 9, further comprising a third set of codes that determine a number of bits
to be included info the data packets for zero padding based at least on the payload size.

11. The compuier program product of claim 9, wherein the first set of codes determines that the payload size (n) is
ambiguous if n = m/k*24, where k, m are integers, m represents the number of CCEs and k represents number of
repefitions of a coded block.

12, The computer program product of claim 11, wherein the first set of codes determines that the payload size (n) is
ambiguous if m is less than & and rvis less than 72*(8-m)*x wherein x is maximum coding rate and 0<x<1.

13. An apparatus for facilitating accurate decoding of PDCCH by a UE, comprising:

means (1304) for determining an aggregation level for downlink PBCCH for the UE;

means (1304} for determining payload size of a payload for the PDCCH; characterized by

means {1306} for processing data packets for the downlink PDCCH by including one or more bits for the
ambiguous payload sizes, wherein an ambiguous payload size causes a UE to decode the downlink PDCCH
on more than one aggregation level; and

means (1308} for transmitling the payload with the zero padded data packets.

14, A wireless communication apparalus, comprising:

a memory that stores instructions for performing a method of any of the claims 1 to 4; and
a processor, coupled 1o the memory, configured to execuie the instructions stored in the memory.



