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[0004] A MIMO system employs multiple (N7) transmit antennas and multiple (Ng)
receive antennas for data transmission. A MIMO channel formed by the Ny transmit and
Ng receive antennas may be decomposed into Ny independent channels, which are also

referred to as spatial channels, where Ny <min{N,, N,}. Each of the Ny 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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85 Monar Fr%hufeﬁ@}j {ég_t@t éma@fhglm'n%@&'y 9{}%9@ MRGR tAe BAfRation of
C

station and a specific UE. comon annel is shared

thy fdividré lightchums! faoh the rosess link chabzd ellys anabdes the access point to
transmt signals that are ¢ nl mung cat ed. to al |

AR Rabuh PR el T B e R B b s o
bynilable dbarecsdsapbian. According to LTE technol ogy, al

al | ocations are signaled in Shared Control Channels,

108Pgh Wothen & pecdess spapuinidation pisteie physierbwhtnngls arepormally further

i e C Iy i i Vi i e . r .. .

URLIPIShoSHANIEL LA LR SUBRCRRLAT BFihcuiies cn
paviced. PBSAticatBhyhamal iDawidnicd ko Fadlimdniramnaln)jcations between a

arries downlink (aor uplink) data for simulfanequsly .
ﬁ%@ﬁé&ﬁw@&n SethsCififriFe 4 RRMEWAL m}egasr eha(%%caaf?erent UEs and is
GRS bAsR RGN % hehSit @:ghﬂg Al QR éd?ﬁrﬁ()ﬂ?tcbﬁﬁnfn?crated to all users

schedul ed users. Hence, reliable exchange of control
withmaths gesgraptue ssar(yell) deinigneheasintyi thg besd statieent According to LTE

i | i.cati ) S RY 007], The
Kb o ToTRCRIES s DihIRH A SepaR P! Mg sl oo igh age coded
APRRESIS. HLneE AL ok Ak Q¥ IBnR) BRshel WNRARST aRCAG sefarate parts,
such aSpeCtS. Thi s Sunnary 1S not an extensive

onefoyicedh of coalrol arshdatarpicatages. ddweletaspart@dPS(H i Rhgsied downlink
neit her i denti r cflhigal ~ele ts 0 I

EBE MRt BRSBTS PR Pr Ry R wses,

While sh¢ eoptisIPpse (PHUCH P EasEN(amofe otiioepilatatiidn amfdrasition for

nore aspects in a sinplified formas a prelude to the

poedulgdt wsersed Heassr istiskle exehinges oprwsnt eignal éy .necessary for
' j ' . are wdely

g“@‘%?%f&%%@?@ﬁ@%?? ?Iglfﬂdan{hyg}e{gg’%@%ommni cation

content such as voice, data, and so on. These systens

may be nul tipl e-access systens capabl e of supporting

conmuni cation with nmultiple users by sharing the

avai | abl e system resour cegypgvxryPandw dt h and

transmt power). Exanples of such multiple-access

B98Tletke follbvanie presches aisvmpdifisd smointarp béomeermere(GPMA) in order to

systens, t.inme division ltiple access (TDVA) .systens .
BRI oh g i DSttt o SreaeBe ERR ey Rt Spptensive
bedidicwesMal Exkdthp 9 d abpdels, 8E Iseiifend@N ithBomIeR@y key or critical
frequency division nulti pfe access (OFDVA) systens.

flowgnts ofaltesprsts wsfr dehingpstribsscene efivaty dradli dspecas. els sole purpose is
. ; N . y et
Rl eGP P BT n L ST BRE Thrtuce o

thetedonitddnigs@iption that is presented later.

[0008] Wircless 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



aggregation | evel for downlink PDCCH for the UE. The
payl oad size for the PDCCH is analyzed to determne if
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correspond to the ambiguous payload size for zero padding. A third set of codes, also
included in the medium, determine a number of bits used for zero padding based at least
on the payload size. In accordance with a further aspect, the payload size (n) is
ambiguous if n = m/k*24, where k, m are integers. The variable m is less than 8, m
represents the number of CCEs. The variable k represents the number of repetitions of

a coded block.



i ncluding one or nore bits for anbi guous payl oad
si zes. Upon processing, the payload with zero paddi ng
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plurality of decoded ACK/NACKS. In another aspect, the attributes comprise energy of
transmission such that an ACK/NACK with highest energy is identified as a valid
ACK/NACK from the plurality of decoded ACK/NACKs.

[0015] A wireless communication apparatus, comprising a memory and a processor is
disclosed in accordance with another aspect. The memory stores instructions for
determining attributes of a plurality of ACK/NACKSs received from a UE in response to
a transmitted downlink PDCCH. A valid ACK/NACK from the plurality of

ACK/NACKSs is selected based at least on attributes associated with the plurality of



[0016] A conputer program product conprising a
conputer-readable nediumis also disclosed in
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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.



accordance with yet another aspect. It conprises neans
for determ ning, neans for mapping resources and neans
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means for determning is used to identify an
aggregation level to be used for a downlink PDCCH
transm ssion to a specific UE. Accordingly, resources

foesojURNI E%)aﬁ@ﬁ NREKE Bifatdsh ﬁccldEaté'tdelcb@th GHPDRIAISat disclosed in
e

determn based on the aggregation |evel are mapped
bgeordaacorapihi YRy amethes asieict. e It h@mm@s angass tior getermining, means for
transn1tted |n é e do are enerated

RRRT g At M M 05 PP eF RS bRy Rpfiees. The

hl@@t?s]ibr ActoBhiDg it add thaddnkiify ad 8Soregutias Qﬁwfeﬁfoebdj@@@ dbrn@downlink
of PDCCH is disclosed in %et anot her aspect. The
RPORSH trapppy psj@is togesrsevici g Ageordighe datoussiss rfwmhnk ACK/NACK

RESRCURLGHi Mt I S ?ﬁ&%@h&xﬁ%ﬁl oA ??%ﬁéa] tgbg% ? are mapped by

sequence correspon e aggrega
ﬂhmﬁ@@@-meimm%tﬂewedsagbs%%m@mmemm ak9 dbwilsnkf PDCCH are
the downl i nk PDCCH are scranbled utjli g the

gRRE a g%@éﬁ@éﬂ%ﬁ% afSP SASRTIPGdawithiA tﬁ @’P&Eﬁmﬂ i nk

[ostHA, ﬁlg@l%a]thﬁnﬁEﬂ%tesaﬁlpg&hra&@ lyadRind 8f PDUCTEl€3Rclosed in yet

conmuni cat i on apparatus. The apparatus conprises a
anm’rhnr;aspetcat The oreti®odi insolves détemuning ransaggeaghbliom tpvaRGsociated with

Cl bﬁ%gﬁg@ggﬂéﬁg T 8][(%? g%aélgn{egcgorrgeg%%@ tgg%H gregation level

%QH@EBUGH‘ iray elRd @ ydlid R AWM HCHRBIG@iksafel ti downlink PDCCH
processor, coupled to the nmenory, configured to

agesuembiereutiling he i goneratadoseqicnes @hé wansoryed [i0ghg] downlink

ﬁDEQﬂfUter program product, conprising a
comput'er -readabl e nmediumis disclosed in accordance

wotd) Ahothehagret relatéeton®iittiass @Ummmﬁfan@@dpparﬁms The apparatus
determ ning an aggregation | evel associated w
BRINPHISCRIR TPERO HAGStYEH dRsifucHensafos serambling & Rée &Géﬂ@eRedundancy

PREGTIRRD! Maeh g EOCERRLAEANE ANHEHEL £ Riralo oI ting 10 an

é@tegaitlon Rexctlli iolathe ydo@diak )PIhC €H éndr a pi'm‘:eﬂ;owrdolup]ed RR@ECHmMemory,

qs i zing the generated scraq? uence and
Frid P ISR P U iR e LRSS $La5F "'%ownl i nk PDCCH.

F@Qﬁ"’k AoRpef RSASHL plodlube! &ﬁf?ﬁmi%&@@ﬂ%&ﬁﬁeﬁ&a‘tﬁ@ dhedium is

acilitates accurate decodlng of apparatus
disoipsddsiasicerdansefvoth berantiti e GRAIYNCYehpEsReddesdan dgtermining

T Graetionrer peeUBiERIE AT e G e Rgraing o scrambling

tdqaBsdd éoh‘e@lgoﬂd ﬁ)C rdégg&@a@clé%t for thOPZIICA mretfm@br includes

of receivin sclosed in accordance with yet

eatist e scap Itg thh é?%t(ﬁ?dah@ dindendasy r leceky j ifg B)ﬁdthe downlink
95% Htghz"i‘n ﬁl\é@eh&léteg @&%b?ﬁg?é’du%ﬁ&gand transmitting the scrambled bits

in the downlink PDCCH.

[0024] Another aspect is related to an apparatus that facilitates accurate decoding of
PDCCH. The apparatus comprises means for scrambling CRC (Cyclic Redundancy
Check) bits for a downlink PDCCH utilizing an aggregation level dependent sequence
and means for transmitting the scrambled CRC bits.

[0025] A method of receiving PDCCH is disclosed in accordance with 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



CRC bits scranbled with an aggregation | evel dependent
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ozs|eapomet Agetiorebdics2@i adaldso raohldumhcaﬁ@ﬁ abbﬁatﬁi@w"\lrherdpparatus
PDCCH. A processor, coupled to the neno

EUAPTIGH PeRCIO e (s $105Ct HStHgioms (fer d@wgar%hlmge@mpded RRC (Cyclic
REAB oyl CRAEL B, RETRHE S 0BY RRLOPECRE e (RRI Bl s frambled
atiidtinen sagypact genkdngcdredirespoading o Sﬁaggmgald‘no]revel for the downlink

determ ning an aggregation | evel  ass C|ated W|th .
BB nk nﬁ@f@ewrawpg%ﬁe tha MRGoR: éseﬁlﬁlgﬁ%’ 9 Iei‘@“él&‘o jingructions

gtgretdhgt@g&g ion |level for the PDCCH The CRC
Cyclic Redundancy Check) bits for the downlink PDCCH
[027]s &r amiphuget progtane pmglutﬂw@rgarrsmgaa edmpegresadeblamiedium is also

tted he d 002 t
SRR ot ool anpot o ST FOMRRIP | (AL detormining an
BEHALE KHEQOKsbAatef @Wdo&hﬁmam@ﬁ%@ %@pérat%egs a sequence

nmeans for receiving CRC bits scranbled with

qggqsegmlmgm the wegregetpanigesttfoshe I CHg Télé(ﬁﬁe(ﬁ é@ydeRedundancy
Eﬁgck b1t 81d fix ch ' nnc-htn% ﬂﬁ?éhvilerg sgﬁavﬁnlqbled’] utlhzl enera\ted sequence

assSo gregation | eve on eve

M@amﬁanndH@@d@ﬂbiMHMCHe CRC (Cycl | c Redundancy
Check) bits received in the downlink PDCCH utili zi né;
{Oﬁéslaéﬁia@@fataﬁﬁﬁ‘?t Irelpies taePeatRmttus éadef%edltat[:&)@w]ra% ccoding of

deghgpng ofa%g%s(%msg%q%%ﬁ%lrgé ﬁ{ﬁﬁé | sc agg) ée with an

agpregation devet elepertdenty etrarablatghsxquersqeeaid. rnéetnsafgg degatinga received
| evel ted with a downlink P for each of the, .

swmlmlaa@eé QU 45806134 REHTPSALIORARHSE- £ T RuRSEECeRbeR feafaﬁlé@btalned
B‘ﬂz td@sérﬁh@hﬂ?iﬂ%o@'RCA(C%z@ﬁ@ 'ﬁ%ﬁhﬁt&néﬁ @11'1%519%1%01%6@1%&9 R HYdownlink

to an aggregation level for each of the UEs iIs
@Eﬂ@ﬂiautelm@gldle@@@egaucm Iewal demidemfseqmcUEs are

BOPES) BErER IS SRERE e P AT BTG o fagen by o

@Qﬂf}r Qn UM, isd@Rdlbdedad a@dﬁﬂﬁd@twldny&teaﬁ@thek AsRReh A aggregation
th Es. 0030 Anot her as&e relates to a wirel ess

@dﬁh@ﬁﬁ@@%ﬁ?d dﬁthafp wawatinls P ifeli ergheoftberptypalitieaf UEs is initially
?dtegtrlﬁ%q nnascg&ldg%dgg\ggh Ehg% rrngg{dgaai rs]%}g?glng%e gegqglértrideegcg{rle o%ondlng to an
h@yredatioh I@eﬁﬁjm:hd:lﬂ&if tROCEHS 1@ génceaied af CRCitsriat édcy odfthe 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 a

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.



UEs. A processor, coupled to the nenory, is configured
to execute the instructions stored in the
wWoreowng4of9H031] A conput er program product, conpeT/BE52909/639010
conmput er -readabl e nmediumis disclosed in accordance
with this aspect. The nedi um 8onprises codes for
i dentifying an aggregation |evel associated with a

fow! ian %oﬁ%"c% ral%aﬁfbd‘ﬁ&t t RenpRlsiipahi Ed/mﬁﬁtetl-l%ﬁdabfe medium is

second set of es for generating an scranb

disgjasadcia aceerdamgorich Hys espeetn H@gne@aml Qmmprt_svsemde@ for identifying

sach of the Uks are also dp n the
R alecbesrite o Rt B BRI P Do Bttty of

UES PeCideyed St lof oddds er %@Gtﬁﬁﬁg Qn istrabhifg @@ﬂl@ﬁcd/\édrﬂs@)ndmg to an
third set of codes included Iin the nedium and the

agaregabios deveRorispels ofthe Ulsaa alse camprisedavidlmnihs mrdippochHhe CRC
f
O g5 Laantk thgqj@@?l{%ﬁge%ﬂeo%rérﬁy gh Jegpcel% d{' g&lfaﬁfbpﬁ% WeSuence in

accordln fo a four es [
amdtdance Mmaaihln@m@pﬁaodﬁsuacmhm if theirthediamhesidabe yeratnbdled CRC

ecoding o s .dj sc ed in ance Wlt t
g%%fﬁé@ﬂ%ﬁ@émgna% 08&%3 @gg BBy 1o cach of

RNSERL DG t%%rt%{ﬂ% LG BEANENGEIdAaR itk rﬁ@dlﬁﬁs pective
aggregation 1evels associated wth downlink PDCCH to

#832]edei ammrdtws elmthfaolﬂltaaesplacmlaaitﬁt@ecocﬂlnglaﬁ PDC@ go disclosed in

|nchLﬁ11des ntt]E % enco nﬁFCRCbtsto betransgltted )
GO RECD T FTBSCTut 19 S EO A GR JARH T gencrating a
Leyabl '&Q&@tba%&[ @H’%d Q& VCAGeINa R RN R8s 4t8d with downlink
transrlrllgéffhlelng t he PDCCH vl\o/l th t he enccOJdedeCRC bllts twc; o

BRECH torbreercedivehby pﬁ!aglii affia plusglitymed. UEpodsjalsa mekudetmeans for
co‘éiglg%s to b ht% srmt‘fe J[ot e CpSIur 'O BES %{t}lﬁzﬁg%he aggregation

osed 1 n accor nce w-t

RRelt dupen@sp @@tambﬂ[ﬂg sé’@bﬂ@darﬁbﬂﬂbzﬁﬂsﬁﬁﬁ tfaﬂ@mtthfgyﬂhe @PDAICH with the
aggregation |l evel to be associated with downlink PDCCH

Bicoged hBE] tifsdo ope ghaoraRfthaplygalay of BEst a bit to
Wt tﬁe{hgﬁ Oqgi n@&?s‘éfoﬁr]thlltefﬁg 1t stﬂ"Entot &%uﬁ?égg éiegéﬁe PDCCH is

a furt er aspect IS 1 NC
ylbsmldnmcamdmomﬂa&ﬁchnmlteh aﬁﬁ&et dDthllethlod lPD@pHséssidantifying an

anbi guous yl o d si ze that. cause ving UE t
G000 HeU ol PSP Y r@w@?lﬁﬁaﬁﬁéﬁé gggar St fo e and

|RMRlng 49034 b tdMnbRLRS e EQIFRHNOA VP ViBRPRE 8bWalink PDCCH. In

conprising a nmenory and a processor is disclosed in

adushaampectnilichby s iertodadert %agpx‘-ioad sith easpasmased) vathothgsdownlink

t,ﬁg&gﬁctions or tranj qt 9,9ne, or nore bit gt]gw?t decode th
t'2 2An*BY§H e aPoR? é% hals SUBFS eEFC\%VP}% 0 decode the
d@mhmm)@@ﬁ@ﬂ BredhiB6R Mblohatibn leThie processor is

led to the nmenory and 1's configured to execute the
[0|Q§ Ir Acvirelass enngynaricatipnt sparasiisp EYMPIiH0G 8| MPMRIY gt e processor is

BB AN Mlﬁnceagz@%g ﬁléée}ﬁ\emﬁ%ﬁ%%p “h% mteﬁ%%?g o?es"ﬁ?th%‘ons for
frhesniiihigUsnC orPdrs esitsathht riﬁdiceﬁetanOflggregatlon 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.



codes for identifying an aggregation |evel associated
with a downlink PDCCH for a UE. A second set of codes,

w@ae@9at®m conprised in the medium for includi POI/OS®0DO39010

nore bits within the PDCCH, such that they indicate

the aggregation level to the OE [0036] Another aspect
relates to an apparatus that facilitates accurate
Rsqdhngthef aEidCielated N6 APRBFALMUS tRANRLIIRASs ABARSf Rloding of
Identifying an aggregation l'evel associated with a
BBWkIH.nk THRCEPPArans sconpeses imcanE. foThdemDEMY ebnagdredatign level

RO RIS, B PG PPLTE ol i FISEROPBEBR Lt ns o

ioed bigkethawindidate the Qg@l&?@tﬁoﬁi Ksel if Q&3 4 tHOUENS; a transmitting means
acconpl i shnent of the foregoing and rel ated ends, the
gse instuded mathisthe @praretppri se the features hereinafter

y ri reicul - i nt {.n
[ 108 e RE T RAhoBP gL (¥ ey A SR EndL " Sne or more
alpaves rgspasd thbdedthires hedatadtict fullgrdeadribed|dnd glartdulavls pointed out in
features o one Or nore aspects. Thege features

th . .
theeclpipg CEE? Jellowi lFeqrIption gt the 4naGrek dirpangpaser degh in detail
Ye¥an 'ilﬁlsi’f@ﬂivcehfe:aﬂl?esp(‘;ﬂ REIRL & e RPRUSTRSREEEHr e BRlicative,

enpl oyed, and this description is Intended to include
bdwewsnodf lagpelemsofithd taneus wagsiiv athecht the BRIces of various aspects

DESCRI PTI ON ,OF THE W NGS [.003 Fi.g. is a :
ok ﬁaﬂrpéoyc?#a@qdaﬁlso SSQIPAAT 1 Evtsmiﬁ]@ctss}ﬂclb\ﬁ? W 8dch aspects and their
&itgati on system according to one or nore aspects.

[0039] Fig. 2 is a schematic figure illustrating
search space associated with different aggregation

| evel s for vagi ' i ates an
exanpl e of rg%e Z’fﬁ%ﬁﬁﬁ%@p%ﬂ%ﬁ?ﬁ lcfu a})ﬁ&%ﬂé?&f si ze
(0088]DFigs)1. is §QdAdmdticgdiagraint lodst maltgse acst haedesd gontrhunication

transm ssion in accordance with an aspect. [0042] Fig.
By St AGOEdIBg AN FIBEPSRIESt r ansni ssion in accor dance

Ml P, 55R5l TRE h EMCEBMLLEBERY Bf i

agregptionhevichabr et sis@s. consequences ari sing due to

nmul tiple asses in accordance.with an aspect, . .
[%6%?1&? gﬁ}cs#%&eg an Cx4raRle OR Kpetiten o Pipﬁﬁlca%?ﬁs%%%f‘gw bits).
flo4i ARt it fivish9ied B YA SIS ACGHEREELY if SQBIRIBNGRE af aspect.
plurality of ACK/ NACKs received froma UE on different

HgdtleGit batetdils\eeinsthofl@0g pf Fiagsmigsips imaddopdenchamith an aspect that
etalling a, nethodol ei ccurate decodi ng of

g%e? g%pg&qﬁqcpipgﬁ%?%?hgi aggr egation | evel

feraNERNG iNadtRtdial @BiheE of FQRARIN Mabadeled adnssqRASdsheIsing due

met hod of transm ssion whereln aggregation |evel
to multiple CRC passes in accordance with an aspect.

[0044] Fig. 7 is a flow chart detailing a methodology of identifying an ACK/NACK
accurately from amongst a plurality of ACK/NACKSs received from a UE on different
aggregation levels.

[0045] Fig. 8 is a flow chart detailing a methodology wherein accurate decoding of
PDCCH is facilitated by utilizing aggregation level dependent rate matching.

[0046] Fig. 9 details another method of transmission wherein aggregation level
dependent CRC (Cyclic Redundancy Check) mask is used to aid in decoding PDCCH

accurately.



dependent CRC (Cyclic Redundancy Check) mask is used
to aid in decodi ng PDCCH accurately.[0047] Fig. 10

W@ bawa2@7net hodol ogy of transmitting downl i nk RDXZTS20091039010

a manner that aids the UE receiving it to accurately
decode the PDCCH without incrkhsing the CRC fal se
alarmrate. [0048] Fig. 11 illustrates a method of
f00@f s MgS $6 Mot dncliRablob} 8t BanstnitdRglddwaGiak PRIRIH in a manner that
decode PDCCH. [0049] Fig. 12 |IIustgr ates another
ads dUBfreeateing ni osicowratdhatedodeith PRCES] whtbowHnerasing the CRC
curately decode PDCCH [0050] Fig. 13 is a schematic
A S hrate
i agram of “an exanpl e systemconfigured to transmt
pous)| Fipk 1PREGItatdd 2 mdtHod! EStBanSMRloni Biat faeNBatBet WOE ko accurately
accordi to one or nore aspects. [0051] Fig. 14
fiquOd%Pp&g%%. - another exanpl e systemthat is configured
pﬁﬂgﬁ% @ Hf&g@étw K nStRSCH et 420 Mrh RS Sorf ?{Qgggg]ﬁﬁgsoﬁ% UE to
etwor K according to one or nore aspects. I g.
dutdtdlysbccate @D@CHUI ti pl e access wirel ess
conmunj ca} ion s;iétem ccordigg to on? enmbodi meﬁtg :
[‘@é@sflg{:@ é.lsf'GS‘i matig) Aty Od offa AT AP A Y HFHB i W_tedd’P transmit
Ao AIRIS PDOCRT 18 Y%ShH0le{ At SAmARWMIRSndREAEEBF AP W Bh or more
and a receiver system (al so known as access termn nal)
aspeetsM MO system DETAI LED DESCRI PTI ON [ 0054] Vari ous
cts now described wth reference to the . .
PSE i 7 P EH® PRt h e rigr redaFmfan con b Pysesies downlink
PHCerP R irb 08 comMiiBliOHnS REGIoLE fcdRtiAd toSorRld® nfftt aspects.
forth in order to provide a thorough understanding of
Wa82loFigndd dlustrples & snultiple gegeshwirglebtieammupiegiancsysterhascording to
ch._Aas (s) may be practiced w thout these specific
?fgei%r{lﬁos(&%ﬁ%%] As used in this application, the terns
[00s31PBREN, is & bkl diagrains ¥ bedmtdénédeot] & kenanfter system (also
intended to include a conputer-related entity, such as .
krawmay thejagress ot ik dvRePCT PYSEGRAHE kBOVED Abpee4DS (SFMInal) in a
invisdnar e and software, software, or software in
executt1on. For exanple, a conponent may be, but is not
limted to being, a process running on a processor, a
processor, an objec xecu I t hread of
execution, a progr ahE%ﬁ@%ﬁﬂ&T _N By way of
[00544S V5 AbhOBspcBRT fte bR drHRY | With THRAINGY tONh& drawings. In the
conputing device and the conputing device can be a
tdlopame descriprien,ofor pormsconh oxgataionanumesivgepodifinidatads are set
{:')orlrt%c:i%s’osirdealrntcoj/pcl)rgvitdle1 raecﬁ(ojrogéh %ﬁge%&glll(ggg 9 gnea of MBS gs%%tcts. It may be

evident, however, that such aspect(s) may be practiced without these specific details.

2% &< 2% &<

[0055] As used in this application, the terms “component,” “module,” “system” and the
like are intended to include a computer-related entity, such as but not limited to
hardware, firmware, a combination of hardware and software, software, or software in
execution. For example, a component may be, but is not limited to being, a process
running on a processor, a processor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an application running on a
computing device and the computing device can be a component. One or more
components can reside within a process and/or thread of execution and a component
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



may be | ocalized on one conputer and/or distributed
between two or nore conputers. In addition, these

w@eoporeme s can execute from various conputer PEHUSIINE039010

medi ahavi ng vari ous data structures stored thereon.
The conponents may conmuni catkl by way of |ocal and/or
renote processes such as in accordance with a signa
RANANGaR @ia M&u@@%@rd@%&%ﬁ THeCdnRoneRt Fndy AMBBScate by
conponent interacting with another conponent in a
ey af lowlsareimr rdingterirbedseas sugls aem acgordpnre widh e signal having one or
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tnderetrinith ehar aisemsdy wa ofdlic sigsdlst em device,

[ [ [ -
RS Eb R, v GHABREC RS el RercPR o34 Rh\ Al erminal,
tvlaichi qaalbe aawued; Sertrﬁniamoln al wir¢lssrtetneinat nAItemtlﬂz[lm'aﬂaﬂlso be called a
connunlcatlon ice, useéy¥%ent user §V|ce

S EHndRTcs L?Ej?scr hiYod s8R FBFPHEPLEPPHS siatiopy ygbile, mobile

L&8)i&PNRAR¢e &tdhelrbhb® Fétlllﬂﬁfél Focy %rﬁﬁ&alt %Eé:%pr@ﬁ‘l'ﬁqal Aterminal,
Sessi'on Initiation Protocol (SIP) phone, a wreless

tmmhnﬂcmfapl ot ustratgenh,user penen malusdi gqmmhelas(ﬁfst afsitwireless
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By iy R e ot rE R Rot SR SintRe.  Session
ﬁﬁﬁfdtf‘o%@t@%ﬁle@lp)jpﬁ&leaa Wi cds§ SScalMRAPTIWIMIY KV, a personal digital
vari ous aspects are described herein in connection

Qistskrng (IHAé ashaadheld depicp hewing tveirdlesn caanechen gapabilitege computing
f OVrICGC§ e¥ ér cesg%lgvgetvpce\smcornenlegtsea té g netl%l gf?(‘k}o%n dJEnPe\éver various

ere re an access
spREts atd1@gsctiBEdThdeinag Yeonh&901 ]wﬂ%&ba @@seasrtandnh EARKABtABEN may be
is intended to nean an inclusive ' rat her than an

ikliged Spy eompgpnicatippvith yvirghs é@@l%@d@é PR Eyotlirehquedgred to as an
h "X enpl A
Bl LA B0 000 SR Iocs X TP ve

natural inclusive
pesTIUMBécRs . thd hatn ‘e it etcpdudamemtat amplobyssveA“@t ridher than an

i S satusfle by any of t follomnn i nstances: X

BSOS O ihaéﬁiﬂua{% @ecgﬁd%tﬁwrssy QS HTOR R poptext. he phrase
addik Iy At hepanf ighekd’ @ méan@Bf tlfbsnéiﬁl%g il ¥ ?errnutatlons
application and the appended cl ai ms shoul d general

bbatasribe phrest 126 compluys PoereBors satsfecd bmanevszf tbqa@éhowu@mstances: X
oth rwi,se, or cIe om t he .cant.ex 0, be |re ey

SOERNG O o PP B BOSETIG (0L At i be MR B iR <o and
kereisnised@ih Mg d-pi)ﬁdatfdhran‘d&hé @%ﬁnﬂéd ehRssSsHoR ﬁh@ltyl‘tférbonstrued
systems such as OFDVA, SC-FDVA and

9t HERn SYBE @ﬁsmorPhémﬂ@ﬁ wem§%W§ﬁwr dearwisera” thgreentext to be
81réﬁ?&i {4S& ‘i'naéu'?&r Ghangeably. A CDVA system may

I'o technol ogy such as Universa

ITJBSS’]GSTMI &chiadetsn dscelssl (RIFRA) ,modme200&d ebe. vAARA wireless
i ncl udes . W deband- CDVA (W CDVA) and

communication systems such as CDMA, MA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (W-CDMA) and
other variants of CDMA. Further, ¢cdma2000 covers IS-2000, 1S-95 and IS-856
standards. A TDMA system may implement a radio technology such as Global System

for Mobile Communications (GSM). An OFDMA system may implement a radio



ot her variants of CDMA. Further, cdma2000 covers
| S-2000, 1S-95 and | S-856 standards. A TDMA system nay

w0 ppbez®me a radi o technol ogy such as G obal RCr/EMHDO39010
Mobi | e Comruni cations (GSM. An OFDVA system may
i npl enent a radi ot echnol ogy sl&ch as Evol ved UTRA
(E-UTRA), Utra Mbile Broadband (UMB), | EEE 802.1 1
{eWmd‘fbgy UsTch'%E E%Qﬁﬁea QK WB?()JTRABEEEM%%@% B%aa&thd%@l’yh) IEEE

, E- UTRA are part of Universal
8@1 éb OWHrEi EeEE &912 @éWMMF@E SEGR PL@hg})ﬁEMn etc UTRA and

i an T a f UMIS .t hat uses
FRTLRALRS, e Stiatital MR GT S Rso iRk Re SRER T TR 3aer
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in docunents from an ora?nl zation naned "3rd

CERM At qrohepdgyHEksHidpS PridyMéy en timeppjnk. AVHIRA-0RAITRA, UMTS,
EYTRA LAl ARy PEOGRLRE ol BGRB8 Goncrarion
PRéirtr{e3dBRP DrojcEtlr GIGPAP). s AdHitiohaléy, a&BnaQOﬁ@nﬂndCHMB)rare descrlbed in

yste y additionally includ rto-. peer .
ddpmeaty g OyEaRirateR ??é‘ﬂ%rs & fiansrigiops ?@W%lmgl’mwct 2
E’E%?T f}uﬂﬁgr' &Gl %ﬁf%lésﬁ’ @%%ﬁﬁatl&pgys@ﬁls%ﬁ}%cﬁﬁ@oﬂaﬁymclude peer-

H and any ot her short- or long- range,
to-peEk e€sg.C anmh;lm-toanob)h:)t ed hiauesvork0 @m§ms/acvftem1u sising unpaired

@é&%a ?H%g{r&ﬁ%y q Wﬁ’lyflglegs |Ir8 Sﬁﬂ@%{}g&k I%I anyf other short- or

RREA tysirel ERIHMBRiniANEN tRBnigh&ke. It is to be
erstood and appreci ated that the various systens

wa§91. Neriowte agngefist ¢rof¢atur@ewlﬂl: @, Presamproinen tasms raddiystesns that may
1% Fude %nd/ g?ée 1965 o gtsarlnlodl?l aﬁg tlgeehf(ec CR 1s to be ynderstood
nponents, \i e?cp g stussed’in connection wt lh

hﬂh‘aaﬁpr@ﬁﬁt@@ thaf\ tl@@ﬂhidﬂﬁtsyﬁﬁm@fmdyhmsﬁlda ﬁﬂdl‘ﬂaﬁil&ﬁ:vfmy components,
al so be used, [0060] Referring now to Fig.
rofulep| goaprdiars may ot daeluge el st @QY#\C%’y%‘?@Pﬁ@Oﬁ modules etc.

&%&%ng A% Be ARG With {ﬁ%rf?y uPRPEL %glallbﬁlaltlbl!l H?Fﬂe@é @]gjro&hes may also
W rel ess communi cati on stem can 1 nclude one or
h@n@dbase stations in contact with one or nore UEs.

a single UEISS eachbse station 102
B‘PB‘Ul g‘g TR BPA &R Fi% s & 3y Hggl W?ﬁsd’f“@u@é copUptieg sygem 100
EQUPHAL CRSAO8Y rWOltehasB&Qs ﬁsﬂlﬁtg?atédq ak th'ir@}é’s%r@ohﬁnumcatlon system 100

information to UE over forward link 106 and
caceichds annfosrmertitese ftrabonsUB dddacoveth erever merel URk. Although a

SBRIITE LTPUR: PR RS, G Pae g mefipeof UEs. UE

deV iscRScondighit it n ME HBE BRI 100 thet triiniftkihforBhe6:$ t¢ WE 104 over
the communication link fromnobile devices to the base

fargreiddink 10gaanid geecivratipformetianoiem dIE $04pedrsevarse link 108. Forward

BOGTIGEH Bl RS O BubRal B 16 o0 RO o movit
specdsf aral thentvale Bmlg(aﬂl@hﬁla):ﬁfeas td ﬂfewoffﬁhmtﬁfatfoﬁgﬁﬂ(dﬁr(ng mobile

upl.ink resources, is
depwces 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 infra,
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.



comuni cated by the BS 102 via downlink PDCCH Due to
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woriobiipdoeo | ocati ons of PDCCH as further detai | BC/Usfone039010

the UE 104 may not be able to accurately decode PDCCH.
As a result it is unable to itentify resources
allocated to it for uplink communications.[0061] In
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data and control signals between the BS and UE.
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Each PDCCH is mapped onto a control channel (CCH) that may be an aggregation of 1,
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



power control comrands, RACH ( Random Access Channel)
responses, etc. DCl for nultiple UEs are nulti pl exed
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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



from CCE index 10 to CCE i ndex 15, for aggregation

| evel 2 the search space extends for CCE index 4 to
w@ghIiinex 7 while for aggregation | evel 4 thePGEESNI/039010

space extends from CCE index O to CCE index 1.

Therefore, there is no overl abping of the search space

corresponding to different aggregation levels for UE
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aggregation |l evel 4 would involve 144 resource
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PRIt 1508t SfenBerPY 404 iR ataan: B pR Ak KEORGEAGRsources are
EIMD X3 dnFalPy SoISRRRANLIOG: sitds (FRY36.82936 140, 42, 48, 54, 60
g ﬁ&c&k%hzhgd??ggrent regatrcén IB/3EH236, 8, 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. It 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



which is not identified by the base station (nmultiple
ACK/ NACK resources are possible). Cenerally, ten

w@e@bliztoed | ¢ payl oad sizes {28, 30, 32, 36, 40PCHES2048039010

54, 60, 72} have been identified for LTE rel ease-8 as
the maxi mum PDCCH size is |lesK than 80. It can be
appreci ated that the problematic payl oad sizes are
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corresponds to 36 resource el énents, the problematic
payl oad -si 4 @PrescaiRahd phyd@idistdey t he fol I owi ng

condition: n*3/2*k = n¥r36, or, n = nk*24, where k, m
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l ess than (8-m*36*2*x = 12 * (8-m)*x where x is the
maxi num-coudishapld bt ese thas (8-ai)if3 6 Arfd =0R % (8<m)*x where
x 18 the maximum coding rate constraint and 0< x <1
If m=7, n<54
If m=6, n<108, ctc.
- For instance
n=48 (m=2, k=1)
n=36 (m=3, k=2)

n=32 (m=4, k=3), etc.



If nmF7, n<54 |fnF6, n<108, etc. - For instance n=48
(me2, k=l) n=36 (M3, k=2) n=32 (nr4, k=3), etc.In

waewonziamce with a further aspect codi ng rate BPEIUR®09/039010

|l ess than 3Ain order to facilitate the UE to decode
the PDCCH. [0068] Fig. 5 detalls another nethodol ogy
of transm ssion 500 in accordance with an aspect that
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lude the zero ddi ng bit S detern1ne at 504. At .
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net hodol ogy t héreby avoi ds anbi guous payl oad sizes and
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a0l 86 5ES tIKOMRREN PRIBScA thuSitd th IR th® &R |paiidih b@BQre transmitted
passes in accordance with an aspect. This net does

oot desiguatede Udhadjissmethoddlegyh Hrachyt %toll@namblﬁtl%r paylctadi gzes and
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Idkclgecodes al | possi bl e aggregation sizes as shown at
602. At 604, it is determined. if the UE has decoded
BBEUHF igin OrHlpstratasammethed 9 grcsptaen 690 thataddresses gqpsequences arising
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A Q0 PracRi rorahie et o aereesasth disgeehag 0g dccodes al
f)&@ible 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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éEé%NéfCI‘% e the clonalinh B GAdbaset o lgatt @nnthp @aalamﬁi itibutes. For
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heakt AGHK/NPeCIRnadngmediont t canbbid eleterfrored enanagroedantdevith different

%g%t y gflsegh%tA[fﬁq;t C&channel :%ﬁgﬁf S?fgﬂg?l -t 0- %Ig SEONACK

Q?atnﬁél@"' J‘ﬁfécﬂf‘& LCRMN AeRrce 1d’¥n¥1ﬁed}'hsf e D&%‘K/I\%@K%aﬁsmﬁ@é %9 the UE
at least on the determined attri butes of the decoded

ks pargKtochdowe Ink, traasigpeionf iFor aakiMiacke ACK/HERTK thaadel with the

t \%{A\%{Sm ltglrgﬁ%ﬁ ?G{E%ﬁegag%%@glﬁeg A8 q}&d@ R&%@%%ettg aFeceived
QJS‘\ﬂﬁlﬁﬁd trithdnklsdidle Master frBMOhAkERe INRUW fildh0B&®UinROMBre than one

can be identified as the UE response to a received
BBWAIH. ntkist mathodi ewynisrhalqmgendic ippast of tai HEt deqodmgumore than one

T I T e
ﬁi&GU]PDC@bb(mse it(d&l”&trbéey‘lfdﬁlgioawﬂ@klm)@@ﬂ Nkl fhiiomiethbé may increase

urality of ACK/ sent by the UE jn response
&e&ep%%g GEPIgBINA R "HR %@@mmowﬁu ip geRyHPBUSR av@u@agot require any

hﬁlﬁlreteﬂﬁlﬁementatlon at the UE.
[0071] Fig. 8 reclates 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



the decoding conplexity at the base station, it is
very robust and would not require any further
w0 ppbaewemt ati on at the UE. [0071] Fig. 8 rel atBGT/U82009/039010

anot her aspect wherein accurate decoding of PDCCH is
facilitated by utilizing aggr¥bation | evel dependent
rate matching. For different aggregation |evels,
it fcbasanh, cab@iomidfhirinabIet hich8Eaidddebdlon! ﬁ”é’c%l%i‘dn&\/wnh this
shifting resource mappi hg by an aggregation |evel
#wgeindent of f set. The procedures |nvoI vi nghi t

| lectiqn,..selection a transms are detail ed
BB i M SUERRD G R it EMSEERHT0HRE P Cll o
buffer of (oi ength Kw i-:’%Iﬁn bs }ﬁne ated as follows: W=

V(i) ot ka I R T = v <2) for k =0,
.., Kn - yEth rate matchi ng out put
sequeﬁvée”fl engt h%qIZ‘QL‘?h. s“8oded bl ock, the rate

mat chi ng output .bit sequence is ek , k =0,1,..., E-I

Al u) Medef Pined Qitiér & finis the possibl e aggr egation
evel for_control channel

Wm:g By £ fic rate {m%clggg })utpuh%&uglcm@jﬂ]@tgf% fhis co&edli)loc% the rate

vvh| I e i 01511? Tﬁigrége% ll’?o gOZ)O i T ust rat(ggll%ehn?gq] Ll the

b@gihl‘éag:gtreg%ﬁanwrﬁlrﬁoﬁthﬂ chggkdal uen2l4e®el to be used
for a downlink PDCCH transm ssion to a specific UE is
deft’er RirAed~ OThe resources for uplink ACK/ NACK for the
%lgrg@gped utilizing an offset as shown at 804. In
accordance with a further aspect, the offset is

det erifingd basedibn the aggregation to be used for the
downl i nk PDCCH. At 806, resource assi gnment nessages
to be trangnmttygd in the downlink PDCCH are generated
such that they conprigé- t he aggregation | evel
dependent f:fks t. At 808, the PDCCH is transmitted to
the UE thereby aiding it in accurately decodi ng PDCCH.
Uponj £ geei ving the PDCCH,

else
J=jtl

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



the UE extracts information considering the
aggregation | evel dependent shift. [0073] Fig. 9

Wo edoatiz®7¢ 0 yet anot her aspect wherein aggregapCDIS2009/039010
| evel dependent CRC (Cyclic Redundancy Check) mask is
used to aid in decodi ng PDCCR%ccurately. This method
can aid in the downlink PDCCH being accurately decoded
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Bfeshfainito, BRACAORIB UL (00 SRRRSL Whr) by B ageregation
rygr pgatd dre CRCe! "I]hasrﬁcﬁhod loé tfaRGnisIioa 90t b@ginsoﬁt 902 wherein an
transm ssi 900 wherein g regatl n

P%&y%gaﬂagi%ve a%seala Pt aamﬂﬁhk ES&:}& ipgiaflyide ﬁegerS At 904 a
%h@ﬁc‘@ R8s d%lr%% tﬁe el E’gﬂi‘éﬁ 16R] Tm@@@d@tlg%\%&g%%d. At 906,
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i zin .gener at ed_sequence and, t he scra
i e 3Pl R DA R B BT 2B Gfisheaen at 908
Eéfei@’teﬁﬁmm&l%@&ﬁ{m@m nating at the end bl ock.
[0074] Fi 10 relates to another aspect associ ated

1607H l%ll m‘:ltates it 2 et dspect PROCKtddwEh fransmeittinghdawrdingsP’DCCH
}nh? R 61e & It\éﬁdggth [tl% %‘é@qg aﬁt goex% Fa?ecld ede hc?e %ccor ICEIngthout

I NCr easli ng

trerdabing thetdrod, faBpggilagatiten Aeobedhngetpenmeﬂlbthsdr aghtgnogn level
codes are applied to the PDCCH One as t relates to
deneadenti Sr?éaf{ﬂl’iélgeﬁt)ﬁiersealier apljsdr to Bho diP t ffane aspect relates to

o

tdleulsted dbded di the dnéfotrenspberditocky TherdRGer Arsotdnerles the decoded

%g%ﬁ%reoch?c%f S H émnbl | g]g;.?r :qggqc?ltr%]éteg];ttegc@agphbahng the bits after

blﬂ]!nhblaéo'd}ﬁgch?@% L8R Elﬁﬁ thAGR: NeGve 1ﬁﬁﬁlly l@l@ﬁc‘?ﬁrﬁbles the received
decodi ng. a means of illustration and

bigndltbefarg mieccmdm@ deds$ gmdags off GRGtraaek amhnotblgmtate)n One design for
%CR% Ok Oth o, 00 00 O0hb O, O, O, O> <1, 1, 1, 1, 1,
maskegndy 1, 1, 1, 1, 1, 1><0, 1, 0, 1, 0, 1, O,

1, 0, 1, 0, 1, O, 1 0,<ola ®lo, 000, 010, .0, 8,0,®, 010, 8, 1,
o, 1, o0, 1, O, I [0075£ The method 1000 begi ns
with |dent|fy| ng the agds éghtli dnl.llevel, It & bd, iskd>f or

a downl i nk PDCCH f or a@o?% fll 6 p% zilso ﬁhgv\p Oat1 (}qu

In accordance with this aspéct,
<1,0,1,0,1,0,1,0,1,0,1,0,1,0, 1, 0>

[0075] 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



if different aggregation levels are used to transm t
PDCCH for different UEs, then different scranbling

W@ emuanMoes corresponding to the various aggr egetT/ug2009/039010
| evel s are generated. The information to be
transnmitted on the downlink PHCCH for each UE is then
scranbl ed using the scranbling sequence correspondi ng

hedt e (ROPIRYAY I B eh&i’%s?@& cfOF. t RecPREE, fa0fcr&AGthg sequence
respective UE. According a scranbling Sequence

curespepbmgiiorthe tﬂ@gr@gﬁéloagqreé gegcnontddes shows agb(mér dihe CRAS bits are

8 G4 Bin 2l B S Qi LR PR T Mflanpa s
EhiIER, bet af&hfev@diﬁl 0 ReN BV&thet FerbmblivBhs ebﬁreetiratnbﬁdrt block and the
scranbling the entlre transport block and th

e FIsBapbng GRS bris quéat%dab@&ﬂ:ﬂaqrb&l%aé@momble% or the bits can be
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g({%%ﬁﬁl@? gtggktgd%ﬁeolrd’ordg% 01btlat ﬁrqlgt%HmB t&tli('@g" ht% S scrarnbled n
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l;dﬂb&]si?fgatlgsillmwg%oﬂﬁjf Hféqlo‘afoﬁt?ﬁl@ﬁ@sﬁﬁb%gg]tﬁgqa&h@attes a UE to

acilitates a UE to accurately decode
asuhody tdegrdepsPIa@CHl OPhonmetheil begine abd i egherconthe @ggﬂegatlon level

oy ot R G RST R il RS Rlstseined: 8 D B 1§ Tocluded in

RDOCED& iicakeMRl agatddaBorRAEI. Bt @inhdR€l dRBPBE bispceAwBI i can be
can be included to indicate any one of the four

a@gad@@m ingirafceareyl ane(af the fou4 aggregytionApGdH(t, Fud arddi PDEACH thus
rno'éilq'led Iplthesbl{s dlcgttnlfev e CO{hIESéJO?} m%f’a%%ﬂedglgtu%} }1evel is sent on the

|on | evel "I'S sen

@@f/ﬁlhtﬂd.lﬂo&he Phrtiaglas DB ﬁfowihlaﬁa 10§ hehe eeRiweeart afitially decode the
initially decode the indicator bits to identify the
Hgipaty Rith &nld%t\l/f&thwggma@ﬁn ilqvebomwhistdt ¢pa rppte P DCCH.

Eo@?ﬁiﬁ{ h9 ‘1111?5%3{88 l (Z%l% aCI B?ng?s'img%&h @Ootilat facilitates the UE to

SI1 on |tates t
aoratey eieyodteEDd‘EPPDClﬁ(ﬁbl rnél’ched egine cit H8f2 Nﬂle&hn h2fa3load size for

wher ei oad SI ownl. i nk faor .a } )
doysilink n%SQEﬁyﬁr dovesifie %f ﬁ ffft %5 4 ttdt fisther determined if
get Jaegzd {s dheopan é}ﬁglg%@se]t)dﬁoé?lnﬁzé%f mEHt?orf%Ht%'quHﬁt cause
payl oad sizes nentioned supra that cause confusion at

tdrrfuﬁuml rtdbe dikgegandinadghe egartcgaion bvel anwhidh tth deepde downlink

link P ., If the payl ga |ze does .not
BBERaT AP ol Sehios ool SubPRCHEL FEHC IR Eg e method
pdcdetidGo W8 eiterdih €hddpadkets Sar@ i@nérhidg o ttﬁeeﬂecél‘f)ert hﬁ“ at 1204 it is
receiver. If at 1204 i1t is determ ned that the payl oad

§¢t9@1@%§1@§tha Y Igad size gpusehambiguiy wethe reqeverghens bigy @e included

n t e a n {evye S
L ELAREE 4 Bl ihe, Rl Bro1f JRMERTHRE bFY Shoiccuiled
mwm&tmﬂﬁsﬂcdndod 1ﬁdllud@d ® 1ﬁﬂl)éat@l’aﬂy©he ol ehef fouir aggregatlon levels (1, 2,
aggregﬂglon | evel s PDCCH t hus i fied
t

#oF B)- t HaChH thus W@fi@l&fi .vvrél t@ﬁ bttﬁ Eld&%l?’%%‘@ﬁ aplﬁaspon ing aggregation
grigqatd cﬁlnth WGl R \}\i ﬁ{étpaqg%xgﬁe({ﬁ QUL AWK of P2d80€The receiver can

partlcu ar as s e recelver 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.



initially decode the indicator bits to identify the

aggregation level on which it can receive PDCCH The
wa@bt@paewms i oned aspects that relate to incl udiPgr/us2009/039010

aggregation | evel indicators in downlink PDCCH can be

applied for UL grants and DL Fower control (Format

3/3A) to satisfy the requirenent that Format 0/ 1A/ 3/ 3A

ploos) th bBage: m@?&@m Sdr&GindRA7 8 methodblo fersecré&cr?o%eqpcfrein can be
a conbi nati on of nethodol ogi es descri bed herein can be
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Thi s f it at the UE.t i dent j
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t097%; §/ithy seferonpaide rElged3b sﬂlawaé@damsma@ SYpEIMSYIOn 1 ARR that is
Co{ﬁ%ﬁ%dl rt{aa%ltnﬁ nlﬁ m 'J&nﬂmYMa%oﬁ? S‘network

ni Ca I ONsS ne accor lng to one or
aspatihgto dric drsndre amcapmlem b elﬁbréchabd ﬂ;astﬁmrﬂ 35)(01) issepresented

represent ed as | udi ng .func na
peinelyqume; H%HOHB| BleRs. piisgh m@pﬁ%g@rﬁm %i?qié hat’ kSpresent functions

RHECRC) 8o Blochh P ABRER pr SR LI RN 36%) MELARY

o8& gbys¢m d 800 pichgled 800giofl gedgeng i 3 ofcdeqiiors noglpomﬁmts that can
n act eparatel or.in conjunction. Lcal qr
TR0 PRIETY HE B soRERHONT orL OsL i iy O Caan ey itans for
§été1@mﬁfngttti@t HANARadizt Ok biAbsIMd b& tdaimittedahi d¥vnlink PDCCH
DCCH and deternmines if the 'size is anbi guous. For

@I)dadﬁmémnwhé th¢ siac of ambigupisy | Beroexample éhas sieh of Hst payload can be
SRAMSHZ { Cafi IaV{re]réglV%g bg %e&e%gg EhheePB?E?g off I’%vv%‘,Jlatgg{elgatlon levels

aggregation reby creating a urty

tHerebA caeating @hibitadtyi an theogEC alls@imolibd éh bRl gﬁ)uﬁﬁgnsoz is means
for processing data ackets 1306 that changes size
B)é}]gr@cgasmg-, detaipackess &304 Hatichangpesiagpf @@69@19 thptyis deterrnmed to be

of
BEGRROATCR doafic B AMTorARRSHGCR, A0S Bord B ol deincluded for
ehrapgddigg itlicspsil e, ﬁm:cdbyt dlnangmg itsairsesclathdEitt causks @OE to decode
ownl i n on one ation | ev only. The
g it EQQ%%;SPHE‘P AN RO s § L%ﬁg 1y 9aﬁlgfut‘f%lsr include
A1 BAddethidakanpasl ﬁamm pbRG8Hod.n_accor dance

some aspects, the nmeans for determ ning 1304 can
Hllﬂéld hnatw@ncmwndmsma@la@wt& gbeimeads ffmoldﬁt@rm@@deM can also

ermne i re than re receiv
A O i AR D e rel Frofiics LS sl Sefefifig £fic ok Than one
ACRUNIATK 130 2cbdivdd @loni Ak udes msaa@ora@fce d\eﬁpdhﬁgasaﬂebt logical
ACK/ NACKs received fromthe UE for all valid

aigypegaB0dAunthay snddudes gacanh iy dseodingiall AGANECKSs received from the
%%gfo?gl"ﬂt lfa(f]?i Jlrg%geel% 1§1t£ ilén%%a%?%h% éj Qg‘iqg the a%gre\%‘gﬁ(#] fie%gl of the

are neans utes SSOCI at
éaehlink PDOEH] e enste thc AGKI NACKR amn tbrrapalyginigodttribates cdskatihted with

glac\l/laolfI tge ﬁgcltgded CIA<CIf(/NACKs and means for selecting a valid ACK/NACK from
the plurality of ACK/NACKS based at least on the analyzed attributes.

[0082] In accordance with other aspects, the means for determining 1304, can also
determine an aggregation level to be associated with a downlink PDCCH. Based at
least on the aggregation level an offset can be further determined such that uplink
ACK/NACK resources are mapped in downlink PDCCH utilizing the offset. In

accordance with this aspect, a means for mapping is included in logical grouping 1302



the plurality of ACK/ NACKs based at |east on the

anal yzed attributes. [0082] In accordance with other
w@zpear#®79 t he neans for determ ning 1304, can BCBHUS2009/039010

determ ne an aggregation |level to be associated with a

downl i nk PDCCH. Based at |eas?3 on the aggregation

| evel an offset can be further determ ned such that
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E?@?Qmmcl%@a Bg tpresnFEMYEs OFor dbeRsh HPRY BORYOlYhtgnsmitting the

A5REGkioh! er;El VRSiciBARSs ©oRly i @J‘E%Wh&tt $eRGvd 308, pkets of arnblguous
aggregation | evel |nd|cator bits to respective Uks.
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dRWhikd il aé?@@%bn'lébe@ﬂ@ﬁéﬁ@ént%%@@&fce qtﬁ‘ﬁn@ﬁ@é@ﬂ e means
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1302 can al so ude neans for scranbling CRC bit
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%ﬁ@l—?s PRSY - asé) 3f F%a{:]osnéér%resdehl% 'H ?ollrn ne %ég' éjnegé#rfe%a%on level

& aggregattion I'eVe rresponding t

BEchittnt Koipgenas pesdra@l S@clﬁﬂﬁpltheSGRCabﬂT@EaﬁSscfrﬁﬁbled utilizing such a
generating an aggregation | evel dependent sequence
BraeRcar dihC SRReRs fARNyRBIERE 19 trapsmits theeermmlehCRC bits.

i 80282 p0e P BRAUEIEE e, ARBUAE ALY o
qghonéb@ﬂ@&mb@M@émqﬂamhngoﬁUEsmamhbﬁm@gSEQMeﬂmkIH)CCE[ A
Do SRR 5SROy, ARSBBLE P btiin
9?&169 rle@é'] éﬂlﬁn%tlﬁbltl% L Qubfcd fsansimhdd ﬁ{jtﬁeologbﬁl grouping

ura ity of UEs utilizing the aggregation |evel
@%bbﬂmemm%SDﬂmﬁbﬂxng sequence is included in the

i.cal 130 ccordi,ng to this c . [ 0085 )
lftgh1S RgaoreR. S uranopBGaR iy & Pastord 1RERTRY iR Tatructions
frakefiRin@] fOSctions déelatc@nsith Qlec@kaLEdrhfhehidNBDY ARG 1306, or other
associated with electrical conponents 1304 and 1306,

evmparicals. VBhioeRnss beiigicatestid imamoned hi, éxs & brandegstood that
HIF@@J rXOIJe%%glelc{r}caf Csorﬁr}%n?&s ?3@? hied gﬂ)%fég AisP &ﬁh]?l &R&% 1310.

el ectrica can exi S
Wiosé)i Rigradp [lhsft&l:@ ant@O8&]antplg systém 1400 ubdtrigtoesfigured to receive

S(g‘gt Per exa%’llﬁi‘ aswﬁrtelggrs] :cLoArnfqrcx)lu%lhcgttl01{ssnec‘évcx)zgltkI gcucro?cﬂné ?o one or more
aspects. It is to be appreciated that system 1400 is represented as including functional
blocks, which may be functional blocks that represent functions implemented by a
processor, software, or combinations thereof (e.g., firmware).

[0087] System 1400 includes a logical grouping 1402 of electrical components that can

act separately or in conjunction. Logical grouping 1402 can include means for

receiving CRC bits 1404 scrambled with an aggregation level dependent scrambling



downlink PDCCH in a wrel ess conmuni cati ons network
according to one or nore aspects. It is to be

wa@pppraziozd ed t hat system 1400 i s represented aBCT/US2009/039010

i ncluding functional blocks, which may be functiona
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conmuni cati on systen1accord|n to one enbodi nent is

15, ey rtavoetntermas e ehewrpcfprn@a SeTCnaPyroup) Bewvevst.empegdor fewer
Eugetﬁlas rnall\b gg %tl?l for%r eafg &Zl en%%sgiglua%t IA%lcg a[nlln%ngllla}Sl Cﬂ %AgT)’ also

ne |nc ano her inc

ﬂelf&ﬁedaﬂ@dls lﬁ&%quﬂﬁﬂelﬁ IOUEQ dé td esamuhiostionchivilly adtedRasal’d2 and 1514,
1514. In Fi only two antennas are shown for each
whetensHCyias Ul 12 hene\l/% tigpynait JRforaaRen ihtegemademalpbd16 over

I(Dbk!?(%fdzl {£% %%‘c SR BER o é&%@sst%nhﬁ%g fﬂ%: oSV]ellLs n}@verse link

[Yo) re erred to as user equi prent
tHIRruAt@at tcominal 1 F22aistie comsuhichAommdthldmichnawh®&dceand 1508, where

ant enn 51 d 1514 transnt infornati.on t cce
fUFIRAS js Oé e‘flranfsgl,lwg% {101 tor a5 @SS éﬁtampgclégg Qver fsérward link

i S PEPLL 8P ﬁﬂf@fﬁlﬁ%eﬁ&nta%é& @éﬁmﬂa’i ]1@29\6%& FRURE 38k 1524. In a
[ink 1518. Access termnal 1522 is in conmuni cation

RPDn spsttren n@smllsmatuandhnmdé%mﬂéﬂe Hemrad 526 06ayanse different

nsmt information to acc 1522 over
Fefaabt 1 RaenraBis i FE srdutenfabatTih 158 M ude difforont
FrequnB@theh 922 uMESy fcQWBE Bk 51K 1524. In a FDD system
communi cation |inks 1528, 1520, 1524 and 1526 nmay use

(094l Eagiy _gf@t@q eéneerter andriuiccatdaoin eieh eerpire, designed to
ARG EndRE T 3 Sadhf YR LSRR, 08ptadiment

afttennasudtiosrctdesigasd®d domnMiiiche toycanendess gﬂzﬁ@bc’tdi) of the

communi cate is often referred to as a sector of the
Hepeeyersditytaccess peié 1e¥bodi nent ,

[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 beamforming 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.



antenna groups each are designed to comuni cate to

access termnals in a sector , of the areas covered by
wa@ewedstopni nt 1500. [0091] In comruni cati on oVvRCT/US2009/039010

forward |inks 1520 and 1526, the transmtting antennas

of access point 1500 utilize Beanfornming in order to

i nprove the signal-to-noise ratio of forward |inks for

{002 dinbf &dcegyt p@l%?@ﬁagy 'b@ rANERRH SstakvhOu A fokSdfmmhie Ring@With the

access point usin nformng to transmt to access

tegmmabamsi gestalser g@ refameld e yls tahramgﬂs paint, eoVedeafe or some other

e%’lflllse (8] %al nt erté er1e %?a taﬁ (8] aIS terargl nal SI‘l’n.l 1 T equipment

weigl c%yr SETF S T e S8Rt ARSI HgT cauip

thERY @hre@es§ lc@t@hﬁmfb@ﬁ@rﬂ B&vide) terhnlinall tof sa@e @8 fer terrmnolo gy.

term nal s. [ 0092] An access point may be a fixe

Ko831i Kig. aééﬂabkﬂck@mﬁﬂnp& an |eﬂ@0dmeﬁ1t t)ﬁ@trtawtﬁmxst@&h 4610 (also
gl?é(xgg%%@lg?ﬁcé’sg S{n'E a(iJldt re@av%ﬁyg%lgl:@Oﬁgfrsﬁkﬁo? lé!gqgcegs terminal)
bea dHME@ dyaemalcmes SAttthé tmm‘uttelugatene 4ol (o neafific dé.ﬂE)for aanurnber of

Wi rel ess commu I on eV| ce, mnal, or s ot he

fatp r%frﬁ%}%@pr%%ésf]tmm.ag atiéO}l@ealééP&eka aa@&lgh%; daf processor
ggodi nent of a transmtter system 1610 (al so known as

the access point) and a receiver system 1650 (al so
Khﬂmlmsn aobedendngrarichalaja stream M idssyedenver60Bespgdtive transmit

etr tter syst 10, traffic data . for n r
i T Rt ik RS0k TR Raary i dad B Euiis BBt for
@ac‘hr(ﬁ'ﬂas Skdan{ Takkd At Apakieeias sefind 8difbme] LRI fof tid data stream to
enbodi nent, each data streamis transmtted over a
prespecoisddatiansni t antenna. TX data processor 1614
E)%Bﬂa gﬁ? c&? %e(%a’ta ?q’dealcfgt g{a S r%vr% 5}51 % qul l Xe(fj w%tﬁ 118{ data using
ac ata stream based on a ar ot ar cod chetre

OF DA ttiniqaes. t hiad pittatdatasit It}qﬁdfﬂlltym lpfoaw diga pﬁt&ﬁi tldiaisaprocessed in
[ 0095] The coded data for each data stream nmay
ndinep) wreRervindnmay | ket usest ot thei 1§CTERDIMISIR HAi f‘éu@é}t@ thsechannel

RishHlse 1382 A SIKRLERld: i SO R RpBPEAE (Pl BanbP modulated

manner an Pe Use
(1@(; aiymdo] sy sicdirbised eata pmiﬁcmlarhﬂodﬂhamneslchesms onsBPSKhOSPK, M-

ti e i | ot d odddatafor each data .strea
Pk, thfﬁo@ﬂfé?lsﬁef (81 Gt gty o mOQAIaG AN 2y mbols. The
Q@fﬁtﬂageul &Jdlﬁ%)déﬁdatrﬂ&iﬂlaﬁﬁﬁef@ §2h9data BiRSm %DyKbe '\/Ee%%mlned by

ected for that data streamto provid
msumntmms pﬁrf@yrrﬂdddysprwdssardéﬁ& his @aneunc@om wnid, memery 1632

(gt Bhs FeRliof PR 78, AL AEROLEDYs 254651 fovidtd%o B¥rx Mimo
ﬁmm&cmcm wmlémmay mayier pocolss ﬂl@Qﬁ@duléERﬁ dyRebelsatel ONfor OFDM).
% nbols for all data streanms are then provided to a TX

IMQcproseisor 280 thaw cmowéys Nir tnsiulagion cesgrbal hgreams to Ny

TRBH R pT T el gl 2o syr%f?ﬁ“ "HAREREITY Mo

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. Ny modulated signals from transmitters 1622a through 1622t
are then transmitted from Ny antennas 1624a through 1624t, respectively.



transmtters (TMIR) 1622a through 1622t. In certain
enbodi nents, TX M MO processor 1620 applies

wheanfiptomd ng wei ghts to the synbols of the datBCHUS®aNG39010

and to the antenna from which the synbol is being
transmtted. [0097] Each tran¥nitter 1622 receives and
processes a respective symbol streamto provide one or

[mb@ Alﬂ AR cp kgdh aés@m@le fahdRted GROMI At P BEnd18 afb veceived by Ng
anplifies, filters, and upconverts) the anal og signals

enserprasvicdaa ahroghil Hoay asd ghalre@quabg@alf fsom cach antenna 1652 is

EGRRTLS! BRI kR EPYEDRE, e TRSH. 4 e 1654

taringdtist teqd, firtom) Bimplidivg, esrdadodbetAacttd)r @lilipe&@%irecelved signal,
respectively. [0098] At receiver system 1650, the
tiedirsehercondipaed sged e pigiitdessapiplsy @dldiuitber mgoayses the samples to

t 1 he received signa
ﬁlre)omeacﬁ]Je ntem%’h %%g%d,g§%§§$ﬂg to a respective
[oee%i »arRX B@dﬁb)rode@ﬁﬁa 660 tleugbccl G dnd peacehscs @teNy exceived symbol

1654 condi tions filters, anplifies, and
rfYRsl)eC%iV?réslgé% Ppsrd e @ﬁ%ﬁlag FGRAET PRACEISiE gghnique to

fall?)%ld‘cq{ﬂydkcfe{&féﬁd sﬁhg@laétreﬁﬁis PRY Rg@da?tggmc%ﬁor 66 fneh 4BGbdulates,

processes the sanples to provide a correspondi ng
deincdiared,” a@y&d@odessaapbaimeqed@s@l]bomr@m dzateaomroh@s‘sﬁ"rc data for

660 then receives and pr ses the NR receive
Bt ~GoPbatss Pronee Rels i et gaeEh taifementary to tha
g&fdrhfébl'@rTKepﬁM@ rdeQOL 3820 Andl SN HafUSrob&sH PI4dS Minsmitter
detected" synbol streans. The RX data processor

968m 16hh denopdul at es, dei nterl eaves, and decodes each

ﬁ)ﬁ &@A{e groc Sn‘gp ! 16%&£e%wd§cglllr e&e?e%bnetsg%hg 'hag}tel c(:odgg%latgx to use

ream processin Foc
(BGUsded 001W). € Pedtcadoy 16600 tfbﬁﬁul@teﬁ faolfeﬁfet@ie biyﬁkTﬁieM@@compnsmg a
processor 1620 and TX data processor 1614 at
MRERSIHAST RYTtigy andfang 1o ucnopivn] A processor 1670

S .G
4 B Ryl i S g B it el ek B sarding
therdonmessegiend ovkpandéiritbe acaebted idata stchar gorretliiomanatyal 672. The
r ank value porti.on 00101] .The r erse link nme ge ..
Fr§SE IHAST Measaga s et Q@Sfbx df Sty OGP E(?SS%Q which also
tReiveOTRRTRI Ll FRn Illdrﬂtlﬁer PHLA stichs TR L Bl dRt@ F56eaMdulated
stored in nenory 1672. The reverse |link nmessage is

bhemquuitersHel, eyndgionxd dxtanpniscesEdra 1658gh Whideandl temsmitted
F %ﬁ?§?8 tr@ffl d?é for a nunber of data streans
¥4 aﬁ%?%egﬁﬁ 56, modul ated by a nodul at or

fo0 62| A€ %ﬂérhitt@f‘@%st@ﬁ 1ion eNhR1 thé @il sted BRAals IR UEkRied 3¢ Stem 1650

and transm tted ck to transmtter system 1610.
POy byt prtprs t tead, spsditamncrs by, reedecriolddladerodulated by a

2 0, SRR I BB R LT TR0 Dbt e s
Helradidagt @dndiyittad by the receiver system 1650. Processor 1630 then determines
which pre-coding matrix to use for determining the beamforming weights then
processes the extracted message.

[00103] The various illustrative logics, logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other

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



denodul ator 1640, and processed by a RX data processor
1642 to extract the reserve |link nessage transmtted
whyoobhatorecei ver system 1650. Processor 1630 tPERUS2009/039010

det erm nes which pre-coding matrix to use for

determi ni ng the beanforni ng wel I ghts then processes the

extracted nessage. [00103] The various illustrative

t@Ep&iRnts! 8FbERALoRbAGHS tHEREHH] d%§1’gn@([‘% perfé HR functions described

described in connection with the enbodi ments discl osed

hereisi nArmperbbpmmpfpeemmsw may |be raf mroneiogHissdr, hutgenthealternative,

Hlurﬂ%oses ' RE&E B Ay B T %0' ‘[1rocI\1%Ssor gchspg)ller or state
appiicati-on” $p c.?Yc |n epP% & efETier T

fﬂaeﬂlﬁe prggfﬁm&l enagadlSo ajer ﬁl&’pléﬂﬁaﬁéd Ara @ohdination of computing

prograrrmab e Iogtnc device, discrete gate or transistor

foyaes, st eROE B ORA0EcHMBSRe Rt , 2 OMIGPRIOSHH nat Plarelity of

hGERRAL. S Aot HBr SIS, I05HL OB L D core, or any

ener al - pur pos rocessor

ather @lmhoa&ﬁ“@ora,tlobutAddmomdml@ at leastnadd pmcestshﬁ NRKO@BFEBE one or

may be any conventlon | processor, %ntroller

RO BOGRES GPPEPIC 18rPeEioNp R HPAE Ot probpasagior gagons described

f#xQ be inplenented as a conbination of conputing

devices, e.g., a conbination of a DSP and a

[0&04p Puitizes slox ,steps pindval etjonsf ofriac nephrasic @s sdgaithoneegoribed in

more m croprocesso n njuncti nW|t

TSR TOp R He B DA At o ey RN R A ardware, n a

sTRSdre AMRIURY SCBSEO by TBYro6RER bB f #REmBMmallH 8f IMRAWLESA software

operable to performone or nore of the steps and/or

aotilernsayoksside il M asreory| ﬂ@silan?m@m Rk mqrh@YsEB%@M memory,
tlons net h r es

conn@ﬁ\fll on W't ]he%%sﬁegs as1|!'%>aérac)fLli és(?(dﬁgerﬁose fr%nefrge ‘;C]ﬁng%i% oF any other

foroof edragicraedilm kﬂbvhaﬁdw &t. 1An axaﬁf)hmmerarg@dubcﬁum may be
executed by a processor, in a conbination of the

EQuplcdatostBe PleceEsORoYEh éhaﬁﬁl}ﬁ PIOSTSEY 3R %%an frqrasppd write
G Yion FMHEAIRGNe, iR TE TRE e By SR i, may be
Hmt}graﬂt toethef pmmtsstﬁr sthorthge imesdimemadprosn thenpttohe‘SSGllr tind Alne storage

glglgggla re y .ager‘g?]%{l ﬁgd%%@&agg’s g]%uzggﬁldpltégaéﬂ(?e in a user terminal.

Irﬂftl?é rﬂiﬁ&r‘n@ﬁvé r@M prdBdsd¥ bA® thOfRIHBE QAR mh&eside as discrete
storage medium In the alternative, the storage nedi um

pEypdenisnnegrsat terwinahe Adddioeslénrin seue tablmcts the "epyend/or actions

a th cessor d the stora rre ium
SRR SRR ARG oG 7 P GORBITEL R Pa2t gades andor
nRtractléns ont £MALKIAE readdblb hﬁeo@&ﬁl%a@wcmputeh EcddaBle 88&Rm, which
and the stor aézje medi um may reside as discrete
eerpe et roratad st 8 spmpetenpiogram pepdiet onal |y, in sone
h of..a t r
PRI a0, PR B0, s SRl B, Lors Bl P00
hdrdeade SOfanﬁé Ofirmvirgt rcutztnwbﬁlbmauan mm&ufn éf mesiclabhted in software,

medi um and/ or con‘pu(} readabl e nmedi um whi ch
the functions may be stored or transmitted as one or more instructions or code on a

} %lelinented in

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



may be incorporated into a conputer program product.
[ 00105] In one or nore aspects, the functions

waele®eni4oed may be i nplenented in hardware, sofP@EDE2009/039010

firmvare, or any conbination thereof. If inplenented

in software, the functions nme3® be stored or

transmtted as one or nore instructions or code on a
sﬂaefpﬁieafun{ ﬁﬁ@' abl 8c NBE W arkPHPUbRY ddsaad @mg%arﬁ%u@ in the form of
i ncl udes both conputer storage nedia and comruni cation
mettietiong cqrurthtan gtraﬁyremddhatt pant be aiccdssqdabﬁsa terapgiter Also, any
%?nn?%t(l:onglm %{% g]orfnh@tr&a-lsegal ‘tﬁ % %?%g%em%lghlfbsgﬂware 18
&@mﬁﬁ&ﬁ fioyh @w&@mts@fver By oy r@ﬁot@&@ﬁﬁb&mn@ﬁd céuial cable, fiber

limtation, such conputer readabl e nedi a can conpri se
N cakiavv RNy denaRabsaibesiing fDSbY, jog ayireiss kechnologics such as
Yegne k er,

'Frlttf%? X g?addev Ce%ﬁc?%\?éxgéh tlge ﬁté?%ga 51 &%Fiﬁ f{bgpgﬁt%b E&)le tgxlsted pair,

DSLcar myreterss s¢ohnelogies |sm&d aqorrmgmimmbd,eandnmtdn@wzﬁ@rm aficluded in

|ns ructions or. data, ctures a t hat, can be :
S8UPHY meERpUL's andiss, Sy ddstEednf e Cnegmast disc (CD),

fa@érr@& BpEIMALLL i ftﬁ%@éﬂ'ﬂfe ARIDVD), FRSp§ 4RI blkfay disc where

software is trans§1tte froma meb3|t£ server, or

diskevsuaynteodime rd@@ msgnegicaly; odnlicalisos alshaly 1feptmduceof;b¢ta optlcally

Sth uFseet "LBtThinsRRn bt Meliti g PPAR oD R indifieg SRRl thSSeope of

Bafpavenedatid@Rdihe coaxial cable, fiber optic cable,
tw sted Palr DSL, or wirel ess technol ogi es such as
C

081 A Mehdle rthei Sorezaingni disdomve aissussae| uldestrative t hepects  and/or
gr%{)?cﬂl teht% nlt gflourf?%g lf'ln%ed Va%Pus (gna%%es el IHGQ'C? ﬁcaﬁ ong could be made

Hérgint\alhhdue ﬂs@hﬂlﬂgefrdeBe éda‘p@)af thiel dé@cﬁibedlasﬂ%c%mﬂdhir lérﬂbaﬁlrnents as

di sc where di sks usuaIIy reproduce data nagnetlca

drfincd By dhcs apicnded ¢laiepr gece 2Bpruekafieyen tf thé" described
S

R o SRR LDy A& SIAUL Sl e p i

ft@daphtedhinlss tiegtation eg‘dme nogdlas ¢d eglicelyditacdis sdditionally, all or a

illustrative aspects apd/.or enbodi ments ﬁhﬁEOU|d be
REED F RAY “SRT BULOC HANGHG R an g P £ PORILOLf @opion of any
%gleaslﬁ%t%hﬂ/o%ﬁlhgéﬁhleg? RAl f8ted bAHLRE scope of the
descri bed aspects and/or enbodi nents as defined by the
appended cl ai ms. Furthernore, although elenents of the
descri bed aspects and/or enbodi ments may be descri bed
or clainmed in the singular, the plural is contenpl ated
unless limtation to the singular is explicitly
stated. Additionally, all or a portion of any aspect
and/ or enbodi ment may be utilized with all or a
portion of any other aspect and/or enbodi nent, unl ess
stated otherwi se. CLAIMS What is clained is: 1. A

met hod of transm ssion that facilitates accurate
decodi ng of PDCCH




by a UE conprising: determ ning an aggregation |evel
for downlink PDCCH for the UE;, determning if payl oad

W@ 2me/1240r9 t he PDCCH i s anbi guous; changi ng si zeCDUS100%039010
payl oad by zero-paddi ng data packets for the downli nk
PDCCH with one or nore bits f anbi guous payl oad
size; and transmtting payload wwth the zero padded
data packets. 2. The nethog¢ro{iM&§ai m 1, wherein the
number of bits for zero padding is based at |east on
What pajdivgd isi ze. 3. The nmethod of claim 1, wherein
t he payl oaq size n.i.s anbi.qgu i f..n. = mk*24, where
e m e Bgopd S BIRBINE ol i oot or ocen
benE @mehaqnel El enents) and k represents nunber of
repetitions of a coded block. 4. The nethod of claim3

wher efleferinigg|aa sggrergiipngesel dosdavenliplp bR dodiha g B at e,

O<x<I 1S J: "X x. 5. At

I eastd%glgﬂg}rngg%% ééra%csgzﬁe?? Bﬁllrggjg)(géﬂ;ﬂ ac ﬁllgﬁ Ate accurate
decodchmpgniy FEXCCHtxY paylblid bprprd-padidig dathipasketsrveiuthe downlink
faor determning if payload size for the PDCCH is

ahbiCghvit ;Onaﬁamar%‘@@o%aafﬁg@up@ raytoad gy si ze of

the p : 3 j ﬁh&k or the
domnl?%%ﬂ%%%%ﬁﬁﬁﬁ?ﬁ“%%gg%%QO ?%ﬁgﬁgs fogdgnbiguous

payl oad size. 6. The processor of claimb5, wherein the

second nodyl e determ nes the nunber of bits for zero .
badd g bl me Rl iEn | RatEE 6 amie bF bl Fop gt padding is
Piseg asRMNt offthChAidndRizewherein the first nodul e

identifies the payload size n as anbiguous if n =

n k*24, where k, mare integers, mrepresents the

nunbek of n epr.esent s r of. repetit.ions.

of 2 voded BroeRRd s RBRE AP Rbal e R RS R RIG
modul g =frafktDgrwhcdeR] i fak€idtoges madpicgii@dithic nlimbet & ¢€B$(Control
than 8 and n is |ess than 72*(8-m*x wherein x is

Faxmel Flcarsaishgnd hf@ressatspamber off reRetitioas o egsdblocks o

and one. 9. A conputer program product, conprising: a
conmputer - r thgabthedEdiam3oogéinsh ixgdessahdd § siid € & ma&fimum
codes for causin% a conmputer to determne if payl oad

soding Bc. faral prlirbatd i &iss HBRAP MK IPBEEH i s anbi guous;

and a second set of codes for causing the conputer to
i ncl usle onat tastrank rduicksdr configuecdlidtfacipaekaicsratdddcoding of
corresg&nd to the anbi guous payl oad size for zero

BQ&I&?'H] a UE comprising:

a first module for determining if payload size for the PDCCH is ambiguous; and
a second module for changing size of the payload by zero-padding data packets

for the downlink PDCCH with one or more bits for ambiguous payload size.

6. The processor of claim 5, wherein the second module determines the

number of bits for zero padding based at least on the payload size.

7. The processor of claim 5, wherein the first module identifies the payload
size n as ambiguous if n = m/k*24, where k, m are integers, m represents the number of

CCEs and k represents number of repetitions of a coded block



10. The conputer program product of claim9, further
conprising a third set of codes that determ ne a
woeovbae400d bits to be included into the data pBCRESH09/039010

for zero padding based at | east on the payl oad si ze.

11. The conputer program prodiftt of claim9, wherein

the first set of codes determ nes that the payl oad

size gN) | $hePRICEIOHSE didind7, Thd ikt A duldTgkRr Kdenf¥iaf £ as

integers, mrepresents the nunber of CCEs and k. '

papigeeent s wdesd dranct andapistl¢ssitlans’ 251 8-m) Eodderehl pisknaximum

The conput er . pragram.product of claim 11, wherein the

1Y% rageg%ndg\fahgeoogg‘she& éq%éﬁﬁnnz Sy ?fnﬁia "%t he payl oad si ze

(n) is anmbiguous if mis less than 8 and n is |ess

than 72*(8-m*x wherein x is maxi mum codi ng rate and

O<x<|9 13. ,An_a arat us f%&hkg%hhﬂEghing accurate

decoding oé‘ﬁﬁ%ﬁ% @yg%rgg, coﬂprlglngg‘neans for

det er coinp@ePayisensiiven ésmpridig: PDCCH, neans for

processi ng data packets for the downlink PDCCH b¥ )

i ncl udi ng dHESt &8t AfsPdesior sausHie aermRtiu. deteynmgdf payload size of
' X ASaN W ELi yload with the

§%§§a%§§3gﬁ datgmgggigﬁégiﬁbhiﬁaﬁﬁg?ess comuni cat i on

appar at us, a cesgndisst ofjcodes fencauginightht cstnpues to include one or more
jnstructions for analyzing if payload for transm ssion, .

il el 4R ReeBch orksond e miip syt S2¢ for 2o padding
probl ematic sizes and if the payload has a problematic

si ze, then changi ng size of data packets by zero

paddi h¢y t héhpeekettsr ogtanppwdoet afwtaemif), therthcagdmagrising a third set

, led to, th e fi d
BE SR IR st mtRoorc TR % il i 4 gackgiygfor zero
Padad LR € HTBMD LR Bld plcaRRaeat us of claim 14, the
menory further conprises instructions for determ ning

a nunmber of bits for zero padding the data packets

based,at | | Z€y . d

dont i ngraculPi e AR RSB hBh TR} g of codes
oéterAOKENAGRKShe pagoyedizkr@mia abbigoudiif hexemtk*24, where k, m are
aggregation | evels conprising: determning if nmore .

HREERT S0 AT SRESF ALK Tirebey OF Qqﬁg&nﬂW%%@twmber of repetitions of a
Loeatidd ng an aggregation |evel corresponding to

downl i nk" PDCCH for which the UE has transnmitted a

plurality of ACK/ NACKs; decoding all ACK/ NACKs

received fromthe UE for all valid aggregation |evels

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 8 and n is less than

72%(8-m)*x wherein x is maximum coding rate and 0<x<I1.

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

means for determining payload size for the PDCCH;

means for processing data packets for the downlink PDCCH by including one or
more bits for ambiguous payload sizes; and

means for transmitting payload with the zero padded data packets.



| ess than or equal to the aggregation |evel of the

downl i nk PDCCH; anal yzing attributes associated wth
weamb/12607¢ he decoded ACK/ NACKs; and sel ecti ng BCT/EE10d9/039010

ACK/ NACK fromthe plurality of ACK/ NACKs based at

| east on the anal yzed attributles. 17. The nethod of

claim 16, wherein the attributes conprise SNR

stati $4i csaapgeiaq cﬁ%%oﬂﬁab]lghr%&_tcoﬁﬂﬁsin identified

as a valid ACK/INACK fromthe urality of decoded

ACK/ NAGKsmory ShatThercsrenshodtiors iof ansly2i6g ilvhayledd farhigansmission in

ttri nprise.eneray of .transn ssi.on such .t hat
ek BRI RTS8 g TSRS 2 St t0ad s o

y@ble@laﬁ%ﬂgﬁ%nfdﬁﬁ@ih? gizplofirdata paxked beeeadpaliding the packets with
ACK/ NACKs. 19. A wireless conmunication apparatus,
evheirnelichitsaandenory that stores instructions for

det er i 9 0. AL LERIM 65 L Rl Bbidrl] (MO insiructions

receiv I n response“to a Transm
stowudlin e REQGH. and for selecting a valid ACK/ NACK from
the plurality of ACK/ NACKs based at |east on
attributes associated with the plurality of received

ACKINACKS ; 7RO, iR1RE LGRRRAIcatiGP ¥atus 8 EBEn T8 BE Ymemory further
configured to execute the instructions stored in the

oenpises i@Gruciono fipudeernpniogr amupybed of tbitsclonmeie padding the data
conmput er - r eadabl e, nedi . um conprising: a first set of
BUBS Dhs! TR WEREYIPH HOTe  han one ACK NACK ar e
received fromthe UE;, a second set of codes for

gregation | evel corresponding to

identifying an ig egati ' E» '
downl 1@k P%G@Hh@ pf igantéfyingtrevalig AGK/NAGRshiomeawngstea plurality of

[ f . ACKLNACKS: LT f codes for .. .
BB R RN RERE o8 AL REssRiorERORS plRbryipe:
val i ddagaiiegatif @ord txebse ACKSNAK arereinedl frdm tHeEE;

aggregation | evel of the downlink PDCCH a fourth set )
of cotleBtifée dhaggresatignded icpuiewondivgdeidapatinkPD{ e dar which

O e AN D ora ity ot

ACK/ Na¢dsd ingasleAl CKYN A€ &streaivadhieoraniad YEdr all validaggesgation levels

B or BB B R hor LB LI 39 ASRHE B goodi no o
analyzing attributes associated with each of the decoded ACK/NACKSs; and
selecting a valid ACK/NACK from the plurality of ACK/NACKSs based at least

on the analyzed attributes.

17. The method of claim 16, wherein the attributes comprise SNR statistics
and an ACK/NACK with best SNR is identified as a valid ACK/NACK from the
plurality of decoded ACK/NACKSs.

18. The method of claim 16, wherein the attributes comprise energy of
transmission such that an ACK/NACK with highest energy is identified as a valid
ACK/NACK from the plurality of decoded ACK/NACKs.

19. A wireless communication apparatus, comprising:



means for determ ning a nunber of ACK/ NACKs received
fromthe UE, neans for identifying an aggregation

WO ewel124009 r espondi ng to downl i nk PDCCH f or whi BOT/URE0E39010
has transmitted a plurality of ACK/ NACKs; neans for
decodi ng al | ACK/ NACKs recei v fromthe UE for al
valid aggregation |levels less than or equal to the

aggr egat i op i@y 1o stoh& iH@MRlbAKFPRESHinRANEHuRS of a plurality
anal yzing attributes associated with each of the
deb 64N AAEY mtKest framd Wile ansespanse set endnngeddewnlink PDCCH and

CKINACK fromt gty of A t
féé gg{élﬁél}g %ﬁzgh nAMeAzﬁg i orni¥ E)hlft %gl%ﬁy%&l@ﬁi%q{sabased at least on
attributes associated with the plurality of received ACK/NACKSs; and
a processor, coupled to the memory, configured to execute the instructions

stored in the memory.

20. A computer program product, comprising:

a computer-readable medium comprising;:

a first set of codes for determining if more than one ACK/NACK are received
from the UE,;

a second set of codes for identifying an aggregation level corresponding to
downlink PDCCH for which the UE has transmitted the plurality of ACK/NACKs;

a third set of codes for decoding all ACK/NACKSs received from the UE for all
valid aggregation levels less than or equal to the aggregation level of the downlink
PDCCH;

a fourth set of codes for analyzing attributes associated with each of the decoded
ACK/NACKSs; and

a fifth set of codes for selecting a valid ACK/NACK from the plurality of
ACK/NACKSs based at least on the analyzed attributes.

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

means for determining a number of ACK/NACKS received from the UE;

means for identifying an aggregation level corresponding to downlink PDCCH
for which the UE has transmitted a plurality of ACK/NACKSs;

means for decoding all ACK/NACKs received from the UE for all valid
aggregation levels less than or equal to the aggregation level of the downlink PDCCH;

means for analyzing attributes associated with each of the decoded
ACK/NACKSs; and

means for selecting a valid ACK/NACK from the plurality of ACK/NACKs

based at least on the analyzed attributes.



