1 MULTI PLE CARRI ER | NDI CATI ON AND DOWALI NK CONTROL | NFORMATI ON | NTERACTI ON
[ 0001] The present application clainms priority to U S. Provisional Patent
Appl i cat iwo 28awa32035No. 61/ 241, 816, entitled "MILTI PLE CARRIUSR1I0NDISCATI ON
AND DOANLI NK CONTROL | NFORVATI ON | NTERACTI ON, " fil ed Septenber 11, 2009,
the entirety of which is hereby incorpoqated by reference. The present

application clalms riorit . S, PrOV|S|onaI Ilcatlon Serlal .
61/ 248, 816, entMl %éw et THRPCRVRP NEARK ER

OPERATI ON, " fil ed Cct ober 5, png9RMATRORINTEINCET Nhl ch i's hereby
i ncorporated by reference. FIELD OF I NVENTI ON [ 0002] The present disclosure

rel ates generally to the field of wireless conmunicati ons and, nore
particul arl[§001j0 mmpmmapmaam J:lainys mtoray W U, @sevigdomiPaicant i on system
to provide control inf i)r mat i on % ti-carrier environment. BACKGROUND

[ 0003] Thi s AYWaERR S&iaf Noehdéd!: %kﬁ , 6RIEHR A MYLE ey CORTIER INQYRHAENPN o t he
di scl osed epePHRMISINK CONIBESL mpo&mmmmﬁ%@ﬁw 1eeﬁpe&§oe}hat

coul d be pursued, but are not necessarily ones ave reviously
concei ved dd, pisthedntifkieoedbich is lumb‘te_,smc@phmm tgercfemeticeaflbd proserdi n, what i s

described in this section is .lar art, to. the clainms in
This appl | CHPHGSARRTRE PRt 4 s BbbisR YA mRicons ol RLERSEHR (1t his
section [ 0QRANMY 180 ASL BATTWNLRO L INFERM RTFORFORMIE] YI-dARRI¥Rd to provide
various types of communication content such as voice, data, and so on.

These syst éMERATING"hltd Oploberat 2883, thy ettty of ahadh ie hetebs mvpmaltn@by

conmmuni cat i of%rvm é h multiple users by sharing the avail abl e system resources
(e.qg., bandWdt’f“and transmit power). Exanpl es of such nultiple-access
systens include code division multiple access (CDVA) systens, tinme division

nmul tiple access (TDVA) systens, pif EBUSHINVENTRIQN nul tipl e access (FDVR)
systens, 3GPP Long Term Evol ution (LTE) systens, and orthogonal frequency
division multiple access (OFDVA) systens.

[0002] The present disclosure relates generally to the field of wireless

communications and, more particularly, to improving the ability of a wireless

communication system to provide control information in a multi-carrier environment.
BACKGROUND

[0003] This section is intended to provide a background or context to the disclosed
embodiments. The description herein may include concepts that could be pursued, but
are not necessarily ones that have been previously conceived or pursued. Therefore,
unless otherwise indicated herein, what is described in this section is not prior art to the
description and claims in this application and is not admitted to be prior art by inclusion

in this section

[0004] 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
access (FDMA) systems, 3GPP Long Term Evolution (LTE) systems, and orthogonal
frequency division multiple access (OFDMA) systems.



2 [0005] CGenerally, a wireless nmultiple-access communi cati on system can

si mul t aneousl y support communi cation for nultiple wireless term nals. Each
t er m nal ,worzougseo3equi pnent (UE), communi cates w th onePOT/UsRi16/0L853E
stations through transm ssions on the forward and reverse |inks. The
forward link (or dowmnlink) refers to the communication |ink fromthe base
stations to @Fe us&r eqripnent, g@&.the reverse ljink (or uplink) refers to
the comunil@MSlon PERfEliy. GriviHess PUEHPIEGEFHENMUBICA KT AKE) €At | ons.
SUMVARY [0ggﬁdl&%@o&“fﬂp@§ﬁ@oﬁﬁ§ﬂ%aﬂ§@?§r rﬁlﬁ{i?te%vﬁ’é_?eﬁ%&hﬁr@s. RLROGSnal,
apparatus and conputer program products that facilitate the interaction of
mul ti - car r ioepsdrreduipatcot @JBn dordmwnicitek wethoine of miond baspatations throughwi r el ess
comuni cation system [0Q07]1n ope aspec the di,scl osed e inents, a
retnod | nclRE AT RER ItRgaast aphir 5 Bk ohsoRBk Lok e TR i e o
a W rel ess 1§ gi¥idRine@i20n $RK iffotn thaasEsthtits b tHealsbl SqufmG® AN evERE N er s
includes a plurality of search spaces having one or nore common search
spaces and hak;ﬂorurmmii efgrd tahe compumidation bé’égf@ﬁl Hpaswsquipmenhiotthobaseur t her

i ncl udes r%%%hggng a cross-carrier indicator, where the cross-carrier

i ndi cator i's configured to enable cross-carrier signaling for a first
conponent carrier. The nethod al so includes determ ni ng whether the
cross-carrier indicator is present iQUMMARN ol information format carried
on a second conponent carrier, based on an association of the control
information format with a search space on the second conponent carrier.

[ 0008] I n on@0sibodThedisclosddendodimentsedate v p@os, mnthbdseppdraws dodwnl i nk
control information (DCl) fornat i.t hout. carrier . ndj.cators,.and th

o ur b 1y s Pt pladug iRt Raellsataht i diaB ot B TR BRI AR 30 eas:
two differ @gtvnfihk 8SntroMitBrraonifh wiRddss dbRAhTunidahsh §ys&h@ss-carrier control
is enabled for unicast traffic via carrier indicators and cross-carrier
control is not enabled for broadcast traffic via carrier indicators.

[0009] I n o@0®ibodinnstaspachef hewirslpssbambedisgaiser madiod dedudosreacbiingt (s) of
a first si i)%lryl\fité/%f %o@?&ﬂe{n?%aﬁigg' Sﬁﬁgﬁreﬁ@oq’ Qgrelfe&rc Iilglﬁl)ica?ifon% éi%‘g,%]lgeré' z€
w thout a carrier indfcator, ancf P uraal|1ty of user-specn?m search

spaces i ncltiudearabGl off @hipphsntafrrédrs IneAslts 4 plurdity bescanth spazshavingloncar ri er
i ndi cators, wherein cross-carrier control is enabled for unicast traffic
vi a carri eMQrp@PREI0Hssargh aPaset anchimpluEdity of ussi-spsgtiicsicaicp gpagee. Vhamelodi er

I ndi cat or s iy includes receiving a cross-carrier indicator, where the cross-carrier indicator is

configured to enable cross-carrier signaling for a first component carrier. The method
also includes determining whether the cross-carrier indicator is present in a control
information format carried on a second component carrier, based on an association of

the control information format with a search space on the second component carrier.

[0008] In one embodiment, the common search space includes two downlink
control information (DCI) formats without carrier indicators, and the plurality of user-
specific search spaces includes DCI formats, of at least two different sizes, with carrier
indicators, where cross-carrier control is enabled for unicast traffic via carrier indicators

and cross-carrier control is not enabled for broadcast traffic via carrier indicators.

[0009] In one embodiment, the common search space includes DCI format(s) of a
first size with a carrier indicator and DCI format(s) of a second size without a carrier
indicator, and the plurality of user-specific search spaces includes DCI formats of at
least two different sizes with carrier indicators, wherein cross-carrier control is enabled
for unicast traffic via carrier indicators and not enabled for broadcast traffic via carrier

indicators.



[0010] I n one enbodi ment, the common search space includes DCl formats of
two different sizes with carrier indicators and the plurality of

user - specwbizenigsai36h spaces i ncludes DCl formats of at IPeaatS2emo48f f er ent
sizes with carrier indicators, wherein cross-carrier control is enabled for
uni cast traffic and broadcast traffic vija carrier indicators. [0011]In one
enbodi nment e common search space includes DCl format(s) of a first size
with a car I{P‘i‘?ﬂi iR sAbRmest the YRR SFarEh SRECE HG Siqc)zléowatt% %

carrier indigatQszc@NGthl DGR ittidlibls ¥in@fhe _@aﬁ%ﬁﬁ‘ﬂs&j— cSRREH P BATES

i ncl udes two DCl formats wth carrier indicators, vyh rein cross-qarrier
control i s iechadss @l formatmptatdtast tvad flificrean dizby wild casicr indakforsg whiceeicar ri er

i ndicators. [0012]1n gne.enbodinent, the co sear ace includes DCl
for e of CERVRET FYSRLitTaprader i Fef R e per R ERRe B Ses wit h
carrier indghgadiess and DCI format(s) of a third size without a carrier
indicator, and the plurality of user-specific search spaces includes DCl

formats of at |least two different sizes with carrier indicators, providing
backwar d cd¥H i bi Iniang apbodimert the sorgmiep serteiaspace inefydes D& dommatisa st a

format s of Paareay T SRR QTR and E RMIRS SRPEIERRE i iR

formats of Tour Sl zes, CO%DI’I sin
si zes W t hisdicast, bed thicpiirekdy@f ussrespBXfic keurcagmcaf inaludaaond Chorshz @dth
Wi thout a carrier_indicator, and the plurality, of user,-SJ[oeci fic search

spaces i nclCAUsE IgHgatqrs RGN SFospEadter eQradis sraplsd forsyniest Yaffis aBdy r i er
i ndi cat or s, ey dh e R éﬂ%f?d&% atibility wwth LTE Rel-8 broadcast
traffic an 1runi cast tra??l c. [0014]1Tn one disclosed enbodi nent, a nmethod in
a wireless communication systemincludes formatting control information, in
a control d0@khel bfons cododumdntahé oormmoarsedrel spage inelales D§dJomaats dfthrasont r ol

i ndi cat or, d scranbling th of t cantrol. i nformgti on Wt

scr aml  ng Toen aareriistne RE ErBrs b Feb e St ket BRRRRMGICE ¢ or e
of the conts@hatdsNb4 MaldisoR iftbuda kagidt inditatdr, atﬂaah@?mm@jz of ieekp@ifion w t hin
a plurality of search spaces in the control channel. [0015]1n another

aspect, a fparsh spacey iariudgs BEL Egmaisaif of lepgiwadifdercntoizeamathi carrips sulisaioed wi t h
a first scr | - |.e e d a
second pi i peapoaERs BOe RIS ETE FEPR LR RER! 613 RAErorl.
plurality of control information formats, is associated with a second
scranbl i ng [6@3¢ anbh dikenflodiradntitiic ocdmmén search space includes DCI formats of four

different sizes, comprising DCI formats of a first two sizes with a carrier indicator and
DCI formats of a second two sizes without a carrier indicator, and the plurality of user-
specific search spaces includes DCI formats at least two different sizes with carrier
indicators, providing backward compatibility with LTE Rel-8 broadcast traffic and

unicast traffic.

[0014] In one disclosed embodiment, a method in a wireless communication system
includes formatting control information, in a control channel of a communications
carrier, with a cross-carrier control indicator, and scrambling the CRC of the control
information with a scrambling code, wherein the scrambling code is selected based on a
format of the control information and a location of the control information within a

plurality of search spaces in the control channel.

[0015] In another aspect, a first plurality of control information formats is
associated with a first scrambling code and the at least one common search space, and a
second plurality of control information formats, including the first plurality of control

information formats, is associated with a second scrambling code and the plurality of



user-specific search spaces, where the second scranbling code is different
fromthe first scranbling code. [0016]In another disclosed enbodi nent, a
met hod i rwa 20i visk@ss comuni cati on devi ce incl udes sear ebirus2@ophssenl ity of
search spaces in a control channel of a communications carrier for
scranbl ed control information, blind-degoding the plurality of search

spaces with a plurality of descranbling codes to exiract the contr

i nf or mat i oNSCTARECIHESeA Rl %ﬁaﬁ@wﬁl@reﬁp%é@ﬁe Sl (e g e fr@&h@u@g{mt

i ndi cator RaseiAR g¢d ormat of the control information and a | ocation of
the control information in the plurality of search spaces. [0017]1n anot her
aspect, a first plurality of control information formats is associated with
a first ded@@kodbl i mpnotdge dapldset crlmglsmesnemethedon a salesh cepaweicaton a
second plural.it f.control information formats, inclydin he first

o urali by drviseieieS M P PREATE phReh B Tua P ahfitel OB second
descranmbl i RgmeReeca@dl édtecitbtichhbl¢d 0bntits effosRanf bEndeadodhgth@pRsalitpvher e

t he second descranbling code is different fromthe first descranbling code.
[ 0018] O herof deasell waers witha aluidHy of Hercramhdingspaesde gstragidhcempat er program

products f rm [ ) P THE
braw NG [ SUEBF SOk L6 BSEAaT BN PR e B o PPt oy
exanpl e, arfornmobof tfe dohtrbltiaformatiobynd efoestionf thocdnt®] adoompienyn thg dr awi ngs,
in which: [0020]FIG 1 illustrates a wireless conmunication system

[ 0021] FI G Purplity od s¢aa¢lbePages) ock di agram of a conmuni cation system

[0022] FIG 3 illustrates exenplary search space; [0023]FIG 4 illustrates a

set of exenpd@y agAUBERt LgRcA, 8 YRDIASHOTrRbAFLI MbAn#ion formats is

associated with a first descrambling code and at least one common search space, and a
second plurality of control information formats, including the first plurality of control
information formats, is associated with a second descrambling code and the plurality of
user-specific search spaces, where the second descrambling code is different from the

first descrambling code.

[0018] Other disclosed embodiments include apparatus and computer program

products for performing the disclosed methods.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Various disclosed embodiments are illustrated by way of example, and not of

limitation, by referring to the accompanying drawings, in which:

[0020] FIG. 1 illustrates a wireless communication system;

[0021] FIG. 2 illustrates a block diagram of a communication system;
[0022] FIG. 3 illustrates exemplary search space;

[0023] FIG. 4 illustrates a set of exemplary aggregation levels associated with a

search space;

[0024] FIG. 5 illustrates another set of exemplary aggregation levels associated with

a search space;



search space; 5 [0025]FIG 6 illustrates a systemw thin which various

enbodi nents may be inplenented; [0026]FIG 7 illustrates a bl ock di agram of
a W rel essocommimidsat i on system for cross-carrier signalPCmgiS20100288pFI G 8A
is a flowmhart illustrating a nmethod in accordance with an exenpl ary

enbodi nent; [0028]FIG 8B is a flowhartsillustrating a nmethod in

accordance w th anot her. exenpl ary enbodi nent; [0029] FI 8Cis a flowhart
i|lustrati A@Zél met hiSe G THUSRESARINER. WithiR Wheh YTus smbeg @BfsaPsy Rirbodi ment ;
[0030] FI G j@pichlglir ates a system wi thin which various enbodi ments may be

[0026] FIG. 7 illustrates a block diagram of a wireless communication system for

cross-carrier signaling;

[0027] FIG. 8A is a flowchart illustrating a method in accordance with an

exemplary embodiment;

[0028] FIG. 8B is a flowchart illustrating a method in accordance with another

exemplary embodiment;

[0029] FIG. 8C is a flowchart illustrating a method in accordance with yet another

exemplary embodiment;

[0030] FIG. 9 illustrates a system within which various embodiments may be

implemented; and

[0031] FIG. 10 illustrates an apparatus within which various embodiments may be

implemented.
DETAILED DESCRIPTION

[0032] In the following description, for purposes of explanation and not limitation,
details and descriptions are set forth in order to provide a thorough understanding of the
various disclosed embodiments. However, it will be apparent to those skilled in the art
that the various embodiments may be practiced in other embodiments that depart from

these details and descriptions.

2% ¢ 2% ¢

[0033] As used herein, the terms “component,” “module,” “system” and the like are
intended to refer to a computer-related entity, either 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



i npl enented; and [0031]FIG 10 illustrates an apparatus w thin which
various enbodi nents nay be inplenented. DETAI LED DESCRI PTI ON [ 0032] I n t he
f ol | ow ngwoestiwispi3son, for purposes of explanation and mofr/us2emoads2zon,
details and descriptions are set forth in order to provide a thorough
under st andi ng of the various disclosed grbodi nrents. However, it wll be

apparent to ose skilled in the art that the variqus enbodi nents may be
practiced iaﬁ(ti@f fsie FRIRST et OtoR Zrorg SpraP RISy i ddiEQr thise SpmpongRlp can

descri pti oRgeckORIRIVaBioHS & ARESEMab I Bedif hiRing SATRRRERALstructuPRAWrEd ™
"system and the like are intended to refer to a conputer-related entity,
ei t her har diwae@. TFheramvenosgnta nay rbinnamia@e lnf whaptilvazlendfod randtt percesses
software, or sof.tvvaredi n execut.i on, For exar‘rl?ll e, ‘g coggto ent r{ai beé but is
not 1imit e EbgBIAYPTIACHPGLEEN] RAYIAG OBRORMBICHRLIAGK S £0-5r GRRLOB} 0%

obj ect, an c8x@ekdmMiSacttnd WitRatbtRér RXPOHENt N a IGtaPERBHAMAISUIE sydtcE@mput er .
By way of illustration, both an application running on a conputing device

and the conrpdior agoskaidwodeamichas tedaipshwith othoneysiemnby way ohfhsregmed. can
reside within a process and/or thread of execution and a conponent nmay be

| ocal i zed o CRRRLShr, SoRfbabodliiht LRUAGU R NEER i U OLdTON ) o
conputers. 'I'n addition, hese conponent's can execute from various conputer
readabl e medéracqhipwicng Nakséoxmiptadng cat dlsebeicdled atueeredrmihell eadmaykentain
conponents may communi cate by way_ of |ocal and/or renote processes such as
i n accor dafe®CR #h 4 19 E’ﬁai@ﬁéw Rb2 BeTBrSURSTECHI b SpRiERBETstAtiengmobictat a
from one cqmpeRSAbbild ARG AN FRLADGLAGT n6OREAER LA rdiBh HeoniYSt €M

di stributed system and/or across a network such as tﬁe Internet with other
syst ens by tevaynaf tetrhigals ngreddsy corp®Bidh tfiarr ddverenwirelescemmimmcgninagppamhiss ar e

described herein i onnecti.on with a user equi pnent. user ui pment can
21 50 be. cal'f B detTers BT RHBSTAE bray LA 4l RPEBNE RIS FIgPorHE

functi onal igeysi® 1nitists tredlocSUBEDHhBEE, aWhiatt phdHESCK IrdI8ds 188 1dpWINDPI | e
station, nobile wireless term nal, nobile device, node, device, renote
station, retatioe 4 parsanabdigitaleassibtard (PDWr @laptop, & bamdheldcommwnickiionglsyicgi # el ess
communi cat i,.gn.apparat us or user 2nt . A user, equipnent, can be cel [ ul ar
Lol ephone, 41 adettig e e b S maR e S drofel B phone.
a smart pheRcsesdn et DS cortbahich@aPo Vb irdésabiwem. digeseenakiodd git al

assi st ant ?PDA), a |laptop, a handhel d conmuni cati on device, a handhel d
conputi ng @8RACEEIre desskbed hareia Ip gepnsction with &bessstiiderht BaYCHAA0B/®Y tenot her
processi ng [ : : :

ari ous asmantel B EOGERTRAL RRh o oPEk. Sl ARR.SHRA ER bOOCRIB, L A
base st ati and ey doatdit kdbnmz etlall of thedimetivnakity ¢ amkddessopentonodpNedwt el ess
termnals and c(?n gl sg be cal |l ed, and mal\é Cont%i]r; sone or all of the
funct i onal iV9vef NogeP ARRBLer sggierither pgiyeork caty- B basg slabier CRBBWBICEENBY Tor

sone ot her efValik ARG Y wirllcRASERLRT TRO cGAMTHRLGS Sy WEHldcB®rough
air-interface wth wireless termnals. The conmuni cation n’gy t ake pl ace

t hr ough onenopr moreses®cy. oFlx bafh stabars eansica s orutarbetratendlse wireloss termipet ween
the wirel i nal dth t of the. t k j i ncl ud
an It er neERSBBUAN S Rrowdenisik, “Byh cuhrerer i e et PE e8P race

frames to |b? RABhSrecdiNgd RiRSBeFhR frHResa8 P phaRtsC A hafiadtidedhaaaeent of
attributes for the air interface, and may also be the gateway between a

wi red net wepRrdirge maeagaineal efsdtribatendrrithe pip o8 azar dnslusayaslpebe the gattvadi nent s

or featur e%ere'e'n abwelr drnee v%g&ea%dltl?e évﬁrglrensss I%ftwork.

[0035] Various aspects, embodiments or features will be presented in terms of
systems that may include a number of devices, components, modules, and the like. It is
to be understood and appreciated that the various systems may include additional
devices, components, modules, and so on, and/or may not include all of the devices,
components, modules and so on, discussed in connection with the figures. A

combination of these approaches may also be used.



systens that may include a nunber of devices, conponents, nodules, and the
like. It is to be understood and appreci ated that the various systens may
i ncl ude awigizbilnsal3sdevi ces, conponents, nodul es, and soPom/USamd/ogss2may not
include all of the devices, conponents, nodules and so on, discussed in
connection with the figures. A conbination of these approaches may al so be
used. 7 [0Q036] Additional |y, in the subject description, the wor

"exenpl ary'l ‘?356]1 usefad%Oﬂ%Lvm InSBF SHPIGC LS SEPTaR- piord %%&{I@ﬁeggﬁﬁmdd to
illustrati %an/éeaci@ggm%&%?leg){nsgﬁéé Sd&RELh DA RETRIINGS or 8GRI ary” i's
not necessarily to be construed as preferred or gdvant ageous over ot her
enbodi nent slesaribde bemgmsas ‘Ratrhplary’us rotofectsharilyde e exsstrpbdasprefriedoended t o

present congepts in a concret nner. [0037].The vari ous discl ose .
Brboat rent adrysasath S IGF SrBaTRA o ki i o oLy E B G ETEhe
exanpl e,  suygBn&ATTPsERoAR pBYi taidhbietd thafkr.an orthogonal frequency
division nultiplex (OFDM) that effectively partitions the overall system

bandwi dth into multiple (NF) subcarriers, which may al so be referred to as
frequency S0 7dhanhild wariousdisslosed ¢mbagimarty niiyrbs ingsporalsd OHDM syst em t he
data to be [..e i nf o t] [:£.89. 1 LIS oded wth a
parti cul ar Cé{])n I ntgg agléﬁglﬁsé&{l'omg%%egeggt@ieé%@dﬂ Oglﬁ?lgi,léa})r% S?%éﬂlé%ﬁcli% r%ll ts are
further grouhegorahfroquanky dividién syipddxs(OGHLEY) thaecfidveinclygapaibns chamdtdliat i on
synbol s. Each dul ation symbol corresponds tqQ a point in a signal

const el | at iszsﬁelggvﬁ%\@@ﬂbwodmﬁ"gwﬂq @iﬂ) SYOCHGS Y ghmay plspbe peferged t%ms PSK or

M QAM used, L L ARAMGAS! s L ESMBil BV stertV S B DE
dependent ol;leh? necgggﬁgvé@?ﬁ ooﬁééeac ¥ %Ié%ﬁ%n%y cgs%lljlc(glir% ,Stea’m)egutati oeﬁ
synbol nay thesmit@zd$ik. 1 the thformamalbitef istfing eNoded egjtempartisulbcardiigescbemd hus,

OFDM may be used t anbat . | nt er - synbol .ipnterferenc | SI). ca d.b
roquonsy Seratticoted B pt tiipis i on ariet BRRpEhgy Ut Vs SRSt s of
att enuat i oRr@mERHRphOLoHSTEMARANHBLHEL Each RRABLESHN §FAbd ) orBspdhiSlotss

mul ti pl e-access comruni cati on syStem can si mul t aneously support

comuni cat ipomt froe signdltcopstellationeleEngd bz paniahler mpdelhtieresoicmal(c.goMriifKcat es

with one or [ se ati.ons through,transm ssjon n the forwar nd
Mver ot C o TP RS At PR WESAE al AR MSRIERE. Pch Ry B IR o
l'ink from toRehdbeaRwsdthtof eah fiQuEhg JubtariBghSnodandioh RgmbeMass Be tramnifted

uplink) refers to the communication link fromthe termnals to the base
stations. TPHicackeitheNediapeneyIsuhtarders Bbuse SEIBYIndvele wsid sugmmbat inter-

si ngl e-in-gj - i =1 NS¢ Ngl.ex J I i plie- out
(M0, systenbo BBt R e B R cclc Ry RbfAGL BB ReP e
and nul ti plbg diffRentrea@inweo fantteumutias atioss thatsastérn dasdiiglgi.on. A M MO channel
formed by the NT transmt and NR receive antennas nay be deconposed into Ns

i ndependent nngés, g?i ch are %L}go referred to as .srgat i al channel s, where
Ns m n{NT, (MRS GBIy ddraess muepleraett CORBREFLOLYRIE nds to a
di mensi on. ¢hatMtNRAPHDPEACERAMURI@MbE Bor Bultiple wireless terminals. Each terminal
communicates with one or more base stations through 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
can be established through a single-in-single-out, multiple-in-single-out or a multiple-

in-multiple-out (MIMO) system.

[0039] A MIMO system employs multiple (N1) transmit antennas and multiple (Nr)
receive antennas for data transmission. A MIMO channel formed by the N transmit
and Ng receive antennas may be decomposed into Ng independent channels, which are

also referred to as spatial channels, where Ny < min{/N,, N,}. Each of the Ng

independent channels corresponds to a dimension. The MIMO system can provide
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10 (UL-SDCH) and a plurality of physical channels. The physical channels
may al so include a set of downlink and uplink channels. [0045]1n sone

di scl osedwerthudiza®at s, t he downl i nk physi cal channel s negTiuseémmessat | east
one of a common pilot channel (CPICH), a synchronization channel (SCH), a
common control channel (CCCH) a shared gdownl i nk control channel (SDCCH), a
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qual i ty i ndPeangyarehednsed leﬁsc;ge(ﬁayencaw %@kmre@gemﬁmne@gi@ﬁﬂ@g cgllatkaH) , an
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pi | ot chanrethpﬁBHCI—D a physical uplink control channel (PUCCH) and a
physi cal uplink shared channel (PUSCH). [0046] Further, the follow ng

t er m nol ogy and features may be used in describing the vari ous di scl osed
enbodi ment $9043E3r o Tk FRIPEIRISHIDASPEPTHS tih Bl Prenpadats @?@%P%ﬂpﬁ%ﬁl@&
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nmodul ati on Céhadne:i@ahdf@rafﬁc Channels. Logical control channels may include a broadcast
control channel (BCCH), which is the downlink channel for broadcasting system control
information, a paging control channel (PCCH), which is the downlink channel that
transfers paging information, a multicast control channel (MCCH), which is a point-to-
multipoint downlink channel used for transmitting multimedia broadcast and multicast
service (MBMS) scheduling and control information for one or several multicast traffic
channels (MTCHs). Generally, after establishing radio resource control (RRC)
connection, MCCH is only used by the user equipments that receive MBMS. Dedicated
control channel (DCCH) is another logical control channel that is a point-to-point bi-
directional channel transmitting dedicated control information, such as user-specific
control information used by the user equipment having an RRC connection. Common
control channel (CCCH) is also a logical control channel that may be used for random
access information. Logical traffic channels may comprise a dedicated traffic channel
(DTCH), which is a point-to-point bi-directional channel dedicated to one user
equipment for the transfer of user information. Also, a multicast traffic channel

(MTCH) may be used for point-to-multipoint downlink transmission of traffic data.

[0044] The communication networks that accommodate some of the various
embodiments may additionally include logical transport channels that are classified into
downlink (DL) and uplink (UL). The DL transport channels may include a broadcast
channel (BCH), a downlink shared data channel (DL-SDCH), a multicast channel
(MCH) and a Paging Channel (PCH). The UL transport channels may include a random
access channel (RACH), a request channel (REQCH), an uplink shared data channel



A- MPRAddi ti onal maxi mum power reduction ARQAut omatic repeat request

BCCHBr oadcast control channel BTSBase transcei ver station CDDCyclic del ay

di ver si t yWQCDHG@3a@BEenent ary cunul ative distribution funeCirars2@ooksseode

division multiple access CFl Control format indicator Co-M MOCooperative

M MO CPCyclic prefix CPl CHConmon pil ot g¢fannel 11 Common public radio
Cyclic redundancy check Downl i nk

interface Channel quality indicgator
control i ng{]%aél%?flb?%&e%alﬁw plytsicel %ﬁ?é‘flﬁlﬁ-n;rﬂe physical channels may also

include a set of downlink and uplink channels.

[0045] In some disclosed embodiments, the downlink physical channels may
include at least one of a common pilot channel (CPICH), a synchronization channel
(SCH), a common control channel (CCCH), a shared downlink control channel
(SDCCH), a multicast control channel (MCCH), a shared uplink assignment channel
(SUACH), an acknowledgement channel (ACKCH), a downlink physical shared data
channel (DL-PSDCH), an uplink power control channel (UPCCH), a paging indicator
channel (PICH), a load indicator channel (LICH), a physical broadcast channel (PBCH),
a physical control format indicator channel (PCFICH), a physical downlink control
channel (PDCCH), a physical hybrid ARQ indicator channel (PHICH), a physical
downlink shared channel (PDSCH) and a physical multicast channel (PMCH). The
uplink physical channels may include at least one of a physical random access channel
(PRACH), a channel quality indicator channel (CQICH), an acknowledgement channel
(ACKCH), an antenna subset indicator channel (ASICH), a shared request channel
(SREQCH), an uplink physical shared data channel (UL-PSDCH), a broadband pilot
channel (BPICH), a physical uplink control channel (PUCCH) and a physical uplink
shared channel (PUSCH).

[0046] Further, the following terminology and features may be used in describing

the various disclosed embodiments:

3G 3rd Generation

3GPP 3rd Generation Partnership Project
ACLR Adjacent channel leakage ratio

ACPR Adjacent channel power ratio

ACS Adjacent channel selectivity

ADS Advanced Design System

AMC Adaptive modulation and coding
A-MPR Additional maximum power reduction
ARQ Automatic repeat request

BCCH Broadcast control channel

BTS Base transceiver station

CDD Cyclic delay diversity

CCDF Complementary cumulative distribution function
CDMA Code division multiple access

CFI1 Control format indicator

Co-MIMO Cooperative MIMO

CP Cyclic prefix

CPICH Common pilot channel



Di screte Fourier transform spread OFDM Downl i nk (base station to subscri ber
transm ssion) Downlink shared channel Digital signal processing Devel opnent
t ool set DwQi2odl032@6t or si gnal anal ysis El ectroni ¢ desi giCaASommao#ssal
Enhanced dedi cated channel Evolved UMIS terrestrial radi o access network
Evol ved nul ti nedi a broadcast nulticast gervice Evol ved Node B Evol ved
packet core Energy per resource, el enent. Eur gpean Tel econmuni cati ons

St andar ds | nsti tutgg%llol ved UTRATENO! DERICuspanNerf?sr vect or magni t ude
Frequency di vi si onCiipl ex Fast Ghanngl@mality apdieaeim Fi xed ref erence channel
Frame structure typBC1 Frame st(ygl¢ tedendanss chea® obal system for nobile
comuni cat i on HybrD€Taut onat i ¢ Depdak corgelesdicar dwar e descri ption | anguage
HARQ i ndi cat or H gbF¥peed downlDisdectpdoketr tacsfss H gh speed packet access

DFT-SOFDM Discrete Fourier transform spread OFDM

DL Downlink (base station to subscriber transmission)
DL-SCH Downlink shared channel

DSP Digital signal processing

DT Development toolset

DVSA Digital vector signal analysis

EDA Electronic design automation

E-DCH Enhanced dedicated channel

E-UTRAN Evolved UMTS terrestrial radio access network
eMBMS Evolved multimedia broadcast multicast service
eNB Evolved Node B

EPC Evolved packet core

EPRE Energy per resource element

ETSI European Telecommunications Standards Institute
E-UTRA Evolved UTRA

E-UTRAN Evolved UTRAN

EVM Error vector magnitude

FDD Frequency division duplex

FFT Fast Fourier transform

FRC Fixed reference channel

FS1 Frame structure type 1

FS2 Frame structure type 2

GSM Global system for mobile communication
HARQ Hybrid automatic repeat request

HDL Hardware description language

HI HARQ indicator

HSDPA High speed downlink packet access

HSPA High speed packet access

HSUPA High speed uplink packet access

IFFT Inverse FFT

10T Interoperability test

1P Internet protocol

LO Local oscillator

LTE Long term evolution

MAC Medium access control

MBMS Multimedia broadcast multicast service
MBSFN Multicast/broadcast over single-frequency network
MCH Multicast channel

MIMO Multiple input multiple output

MISO Multiple input single output

MME Mobility management entity

MOP Maximum output power

MPR Maximum power reduction

MU-MIMO Multiple user MIMO

NAS

Non-access stratum



H gh speed uplink packet access Inverse FFT Interoperability test Internet
protocol Local oscillator Long term evol ution Medi um access control

Mul t i nedivwsioooadesst nul ticast service Milticast/ broadc®€T/US2€0/048521

si ngl e-frequency network Multicast channel Miltiple input nultiple output
Mul tiple input single output Mbility mamagenent entity Maxi num out put
power Maxi nmum power %ductlon Mul ti pl e user MO Non-agcess stratum 12

OBSAl (pen base sta@Bé archlte(QH?Pé’ai;erﬁt@Fqnef’é RPN EGenal frequency

di vi si on nul ti pl ex® Orthogonal frequency division multiplexing
OF MA Orthogonal frequency division multiple access
PAPR Peak-to-average power ratio
PAR Peak-to-average ratio
PBCH Physical broadcast channel
P-CCPCH Primary common control physical channel
PCFICH Physical control format indicator channel
PCH Paging channel
PDCCH Physical downlink control channel
PDCP Packet data convergence protocol
PDSCH Physical downlink shared channel
PHICH Physical hybrid ARQ indicator channel
PHY Physical layer
PRACH Physical random access channel
PMCH Physical multicast channel
PMI Pre-coding matrix indicator
P-SCH Primary synchronization signal
PUCCH Physical uplink control channel
PUSCH Physical uplink shared channel.

[0047] FIG. 2 illustrates a block diagram of an exemplary communication system
that may accommodate the various embodiments. The MIMO communication system
200 that is depicted in FIG. 2 comprises a transmitter system 210 (e.g., a base station or
access point) and a receiver system 250 (e.g., an access terminal or user equipment) in a
MIMO communication system 200. It will be appreciated by one of ordinary skill that
even though the base station is referred to as a transmitter system 210 and a user
equipment is referred to as a receiver system 250, as illustrated, embodiments of these
systems are capable of bi-directional communications. In that regard, the terms
“transmitter system 2107 and “receiver system 250 should not be used to imply single
directional communications from either system. It should also be noted the transmitter
system 210 and the receiver system 250 of FIG. 2 are each capable of communicating
with a plurality of other receiver and transmitter systems that are not explicitly depicted
in FIG. 2. At the transmitter system 210, traffic data for a number of data streams is
provided from a data source 212 to a transmit (TX) data processor 214. Each data
stream may be transmitted over a respective transmitter system. The TX data processor
214 formats, codes and interleaves the traffic data for each data stream, based on a

particular coding scheme selected for that data stream, to provide the coded data.

[0048] The coded data for ecach data stream may be multiplexed with pilot data
using, for example, OFDM techniques. The pilot data is typically a known data pattern



OFDMAOr t hogonal frequency division nmultiple access PAPRPeak-to-average
power ratio PARPeak-to-average rati o PBCHPhysical broadcast channel

P- CCPCHPrwoan1/se0sson control physical channel PCFlI CHPhysiraskoloomtseol
format indicator channel PCHPagi ng channel PDCCHPhysi cal downlink control
channel PDCPPacket data convergence protgcol PDSCHPhysical downlink shared
channel PHI CHPhysi cal  hybrid ARQ i ndi cator channel PHYPhysical | ayer
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the channel response. The multiplexed pilot and coded data for each data stream is then
modulated (symbol mapped) based on a particular modulation scheme (e.g., BPSK,
QSPK, M-PSK or M-QAM) selected for that data stream to provide modulation
symbols. The data rate, coding and modulation for each data stream may be determined

by instructions performed by a processor 230 of the transmitter system 210.

[0049] In the exemplary block diagram of FIG. 2, the modulation symbols for all
data streams may be provided to a TX MIMO processor 220, which can further process
the modulation symbols (e.g., for OFDM). The TX MIMO processor 220 then provides
Ny modulation symbol streams to Ny transmitter system transceivers (TMTR) 222a
through 222t. In one embodiment, the TX MIMO processor 220 may further apply
beamforming weights to the symbols of the data streams and to the antenna from which

the symbol is being transmitted.

[0050] Each transmitter system transceiver 222a through 222t receives and
processes a respective symbol stream to provide one or more analog signals, and further
condition the analog signals to provide a modulated signal suitable for transmission over
the MIMO channel. In some embodiments, the conditioning may include, but is not
limited to, operations such as amplification, filtering, up-conversion and the like. The
modulated signals produced by the transmitter system transceivers 222a through 222t
are then transmitted from the transmitter system antennas 224a through 224t that are

shown in FIG. 2.

[0051] At the receiver system 250, the transmitted modulated signals may be
received by the receiver system antennas 252a through 252r, and the received signal
from each of the receiver system antennas 252a through 252r is provided to a respective
receiver system transceiver (RCVR) 254a through 254r. Each receiver system
transceiver 254a through 254r conditions a respective received signal, digitizes the
conditioned signal to provide samples and may further processes the samples to provide
a corresponding “received” symbol stream. In some embodiments, the conditioning
may include, but is not limited to, operations such as amplification, filtering, down-

conversion and the like.



PM Pre-coding matrix indicator P-SCHPrimary synchronization signal
PUCCHPhysi cal uplink control channel PUSCHPhysical uplink shared channel.

[ 0047] FI Gvo20ild3emssr at es a bl ock di agram of an exenpl ar pCTarseu0i0¢ssi on
systemthat nay accommobdate the various enbodi nents. The M MO conmuni cati on
system 200 that is depicted in FIG 2 cegprises a transmtter system 210

(e.g., a base station or access pQint) and. a receiver syste 50 (e.g., an
access ter MU orAHéQFd@aBF%ﬁ%ﬁ‘?f)%‘?WGBWGWE‘ Areet e AYEYRlSIRIDH0. |t

wi |l be appiRehRtediRy s?ﬂ@fn@tfanwegjeﬁafﬁﬁa%lﬁjo{l%h 98t 04esh 4 fRHANREBase
station is referred to as a transmtter system 210 and a user equi pnent is
referred tprassang eckiiger topysvtidern phdalitpsf I‘ddterted”’ sty mdbpl srebodi hreomtess of t hese

systens are capabl e, of bi-directional co i cati .. In that regard, the
Cerme "t andinbEorbysteaisn oY BBo G al STV SPepBra et UHRRd IR be used
to imply sisp@bels@iahghitic@ et the eoMALRbERAE ARNE sfré MM Bhd R da8y Sb8EKor d60shoul d

al so be noted the transmtter system 210 and the receiver system 250 of

FIG 2 ar e thaucht lea bbast, demedwiighi dsainfonlgavesahd degsidas edchidgtegfedsymbel r ecei ver
and transm tter . s ens, th [ xplicitl I dwn FlG .2.. At the
ransm t e ey LEHTOEE I PaF 2 BPhe B EShi PR EE hEpos iy

provi ded f rigRA ddad BrosSdrcH024@ Beocomfléaagifytto (leXpedarhadpyabeTXoviIMDA. Each
data stream nmay be transmtted over a respective transmtter system The TX
data procedEescsspr 220 andhied X dyaprocasrar 2t ertheigrsanitteresystenr3i0e T4tReX f or each
data strea j riabnafhy dat a
stroam  to hrgrge fred BERdBR ph e R S e mner
and may be?26d4ed at the receiver systemto estimte the channel response.
The mul ti pl exed pilot and coded data for each data streamis then nodul ated

synbol ma based on articul ar dul ati on.schene (e. P PK,
s por or IBEY caeRmRin R el Fetp e ey g Beridl e s
synbol s.  Thgtadab@sict280 ar@einee @Rd téTpeledrat dpabe/fik peretsitiadtanstdceRen my be

determ ned by instructions perfornmed by a processor 230 of the transmtter
syst em 210 sy§to02901 adjush powsiclapt s ropangecududitingrraies of sdhe@es, 2ndfohethepdul at i on

synbols for_all .data.streaps.ma i,ded to M rocessor 220,
whi on can” FoPeREPC s S e R LG astre g BT rhe

M MO pr ocesagincl2fhridd@ibtips Qichde Sightl-ndieaSN®) asy Filpah]-t6lifR BTN bOrabid
transmtter si%st emtransceivers (TMIR) 222a through 222t. |n one,

enbodi ment (S the dataatydosyahe staranpp I heddX fata prreoessep g0y caethat Biovideg wei ght s
to the sy : data s { t he synbol
o bei ng. ¢ ranmael ehitfe BB R R BB b R R e

t hr ough 222fodeeeRo@sndoidthp pawessoed7@of ths paeiviey eyssyrDa cait fughem deoivpaovi de

one or nore anal og signals, and further condition the_analog signals to
provi de a ﬁétéFE}Ptﬁtog °sOgFrAIng UQIN%BCP@ £ SYSt¥Ral SHPLOSEHAT %%}s?fltgﬁéecﬁﬂ"ﬁb channel .

In some en@?&btﬁ@@b $an LRE pFRH dhaRit] @ﬁtéﬁﬁYoﬂnﬁﬁbH(@Sl),%‘ﬁicﬁ ﬁlag’%chlldem ted to,
operations such as anpllplcatlon, filtering, up-conversion and the |ike.
The nodul atefdrmsatgmaksargmgde edniipynicateont ik dr ttler resgisededats stagestelMer s 222a
through 222t.are.then.transmtted. fromthe transmt system. ant ennas 224a
b ouigh 22 AOPRHO PRI BT T SO SR RS Pire Y R 28Y DU LF8bEm 250,

t he transmiffoffatidHagbetss& Bk SrafBHitlResystem 210 (e.g., base station or eNodeB)

to make proper decisions regarding, for example, the user equipment scheduling, MIMO

settings, modulation and coding choices and the like. At the receiver system 250, the
CSI that is produced by the processor 270 is processed by a TX data processor 238,
modulated by a modulator 280, conditioned by the receiver system transceivers 254a
through 254r and transmitted back to the transmitter system 210. In addition, a data
source 236 at the receiver system 250 can provide additional data to be processed by the

TX data processor 238.
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t he recei ver system 250, adjust power |evels, change nodul ation rates or
schenes, af¥ ot heonepmmdimeatteottht MIMO cAodimianah systerh BE0,RXe datiaer
processor 260 c further estimate channel. charagteristics suc S
Cl Gnal -t o- AUTSE 20aNFgPARG EFEHATLS B MpGoTs SHEGTY ST PSRRIEE The
detected syphekysidirheapiial MifR&ifabeudy AGRSEM ARG sgﬁgmtjlﬁrby%ﬂ‘ﬁbl&ing
estimated channel characteristics to a Brocessor 270. In oné exanple, the
RX data pr@oeéssnymigeq dffdrcor dathsirqganscegio frapnottef sysigm anganaipy e?4aghirughn 250

can further,~deri.ve. an estippte of the "operati.ng", SNR for the system The
o ocessor 2780 ohE 1S3 BRI Re fis b anaBRER s hE, pHErel S T A ¢

i nf or mat i oRtré4ely senhtb@hiniEylei thabidRr kyst@ndmitémas DBgathebual 20he In a

communi cation link and/or the received data stream This information, which
may cont ai MINMGcompatationsyders AP sthably GNRecYiag seheiocessigiertiallf or mati on,
may be Use%gb{%lk%‘d stiér?ari'ss g&é&%ﬁe i xeﬂ‘tip]i alfy%sgg t REFEnShiAL teﬂ{2ﬁ”8de8) to
nmake proper decisions regarding, tor exanple, the user equipnen _

schedul i ngenddrd/Dessigrial sngmsmivadutat icarh @nbe cadintigercsticmestands 224 | i ke. At

the receiver system 250, .the | that is produced by.the processor 270 is
processed Woaghé@ afeasugﬁee@évs%&%l@%edﬁﬁ%%géﬁh%y Thistsaeicien onores

condi ti oneg,Rynd &%Oﬂo@ﬁ@gigﬁa aﬁﬁhggﬂr &@ﬁﬁ%&&%&%@é@&ﬂ Lgty 224r and

transmtted back to the transmt tem 210. In addition, a data source
236 at t he threugh Y&l cay bt earcB50 andithepndividdel dutidsttdaomahn Hatletetnoinbéinghecessed
by the TX data prqgcessor 238. 15 [0054]In_.so enbodi nents, the processor
270 2t 1 he ITECRRISTEY Brcaf D Ry h e PO L RS F b AN

pre- codi ng 2084 tHrdudh4ge. The processor 270 formul ates a reverse |ink
nmessage conprising a matrix index portion and a rank value portion. The
reverse |ink nessage may conprise various types of information regarding
the comunil®®6lon Pinaktharmaroynt @ﬁrFéOSSé@@ielﬁ@anéawe@ e canthes ipfdycaeadbdy i nk
nmessage is - S -

ayat om 250 M ARRAEE FiCaRhub il ol R BIEERRREE 250 fLe bR hRERAISH
streans fr asthchendaiter syt e 1@ 3bout Theerepsioabsgeds. | InfthesaBydtans,ibst then
nodul at ed by a nodul at or 280, condjti oned bgqone-or nor f the receiver

e
syst em t r aNSBUNYIEF &ysiesm a1 Q il Reostygr Sysiy 2} s ercpdelipakivitts pygber
transm tterof?%e%&&ﬁﬂ%%}a%ce[spﬁgél J)ﬂhés%rﬂ?e&)'aﬁ%drh{ﬁﬁ@ésscaﬂf intsBmcYhMALopIuni cation
system 200, e recelver system 250 1s capabl e of receiving and processing
spatial |y melhtedpd ex edositghatss-comelbti@sexpsyisicedsy thepatdiald sigrlat.i Pihexit my
occurs at the transmtter system210 by nulti.plexing and transnjtting

i ferent dIvAERPEnRcBh e B Ot eyl et P hass B3R Ty ough

224t . Thi s phatrik & RRUBRRcohQolldighat St Abnt tha R&Rivier Sskek 350 % A€ hemRsitemher e
the sane data streamis sent fromnultiple transmtter systens antennas
224a through 224t. In a M MO conmuni cati on system 200 capabl e of receiving
and processing spatially multiplexed signals, a precode matrix is typically
used at the transmitter system 210 to ensure the signals transmtted from
each of the transmitter system antennas 224a through 224t are sufficiently
decorrel ated fromeach other. This decorrelation ensures that the conposite

e . e e ~Nreesos . o2 1 N NN



the environnment, it is advantageous for the receiver system 250 to feed
back information to the transmtter system 210 about the received signals.
I n these wo=2bEmMB20350t h the transmtter system 210 and t IRETASC@E0WESS2BYSt em
250 contain a codebook with a nunber of precoding matrices. Each of these
precodi ng matrices can, in sone instancgg, be reI ated to an anount of
cross-correl ati %ggexper ienced | ceive gna Since it is

t
advant ageoﬁ¥5t?r8 AePieally GoRtaae tg? e’bﬁf? peitie F‘r PFﬁ‘E‘? ing PattHerNSARA t he
val ues 10 GfiGaftBd fhbhocdhE: £ REPAEK: SRYUAALISTLABA indent nidhaMLAE; faRe! ver
system 250 to the transmtter system 210 typically contains the index
of a parti ¢wahsmitier sctun A0 haw miany 1ﬂ1dw:psmﬂmt ats stagnoedo tubeinf spetdddack contr ol
signal al so |1{1$I1I udes a rank index which indicates to the transmtter system
210 how many"'i'Wd&Béndent data streans to use in spatial nultiplexing.
[0057] Ot her enbodi nents of M MO communi cation system 200 are configured to

utilize trapesmt douRf smbadlﬁféh@rmmmgtcaﬁ@mﬁcahbﬁ spf@h 280 bie dvukitidel exed
schene descri bed above. In these enbodi nents, the sane data streami s

transni t t editilies Barsmihdverstinsehcmes insiid é fcantiéyasulppleacd sthemgileszibed | n
th nb ts, t

L hese EToOdbEN DS AR AR Bl VS0 L FARINEL SXLIR ERRAR
These e nbodymntaatepnmzda thimbglsn;mas $n amh ¢rebddataehth tthie ddta tite delosremmuoc ation

channel. In transmt diversity slyéytems each of the signals transmtted from

the transni'$aeEYer SYAGB AP AR EPIGAlY ves thag spyihly 2putiplgked MAMG: foramugication

di fferent t mul ti-path
phase shi ftgﬁt%]& %é(fﬂglgeessgﬁ?g i ma%tpsr&ﬁd mb(]ilgt?g ég%gﬁtrélgbgﬁgb¥9ﬁar acteristics
recei ved atcomheini@tien vkannsly dhdrmsmit dnveasty352ams haczbughh@ﬁgnalatrenmﬁédjl in

determ nin th |at data str In.t nbodi nent r ank
natcat or | ot gy St SR lrotk ERE R RRE T SATERST 0 not o
use spati almteilf&ﬁehw %x@gmelﬁa@%]fglﬂg rreﬁ?éﬂﬁ@ﬁ“rﬁﬁl&t@ﬂﬁﬁﬂas@fshlﬂs)z endh&enbi nati on
of spatial multiplexing and transmt diversit or exanple in a M MO
communi cat |emb0§1}mnémlmbffmem signah ghﬂfr@mrlstlcar@mmd @t ths y@teem ssrﬂ@m nas 224a
through 224ntenn i2 1rdat égr ealrlne ge[e nngl ap T rlat %% earn In
transnitter 895t 8% fﬂeaﬁ fi Iﬁ%ﬂ and aP%pe oh %gttra Stream
transm ttedhsdp eﬁl@ﬁ@lhfﬂnfsgtﬁfemlﬁ dfear 1i§ ©picalpiceio antkinp s @aﬁﬂﬁnﬂtd’l}rsﬂ&t@’ﬁ 224t .
In these enbodi nents, the rank index is set to an integer |ower than the
full rank Gf0mAktoppespiel matHISKing. ndi cating to the transmitter system 210
to enploy a conbination of spatial multiplexing and transmt di verS| ty.
[0059] At tg ans@itt BhbSYiits ﬁ%ﬂm & IRl AbE Y ShBarhaIHIam

receiver s g?éesrr]n 25911{31%% Pé%lglltev{ep 1{12% transr% {Ot gr §l§saysterﬁn Enét%e as 224a

t hr ough 224tapsmait diveostyi tFoo ey irt MMIMQnmnmnfcatmys}tsmm PoGmslcangy us 222a

t hrough 222t, are denodul at ed tr tter st em denodul at or. 240, and
e oo oa Sy e Aot Ao Bealh B b w G R R IRE POaIORIE i
nmessage trapsiblorea t%s&h?er@fﬁ@rh‘éﬁfem@éé%ﬁm&é@gh 3741 SRAE s@dah@@hﬂa%%aan the

processor 230 of the transmitter system 210 then determ nes
pr e- codi ng traasmitted oo rersainingrtwbdtansmwitico symﬂmi annenmsaﬂémﬁmw 2%3, Inethdset hen

processes th 7 extracted. sa odirre S, & rocessor 230
ses the. r sbuedEl: BRGHTE 58 FOS o arnBadpa PG Uil Rnt HGpCh GRS
forward |i miattix,angiohts t6MiSe triddQH@r|shsterin a0 t@eﬂpwymmamoh%mpdtﬁd CSI can
be provided to the processor 230 of the transmtter system 210 and used to
det er mi ne, mMufiplexiagpneé rapumiadivarses. as wel | as coding and nodul ation schemes
to be used for one or nore data streans. The determ ned codi ng and

nodul ati on nes : I 1tter system

! '16&4;); oo tAﬁﬂl% tfaﬂﬁﬁ%% %{Eé?%(%ij@q!hé RoliiGted s1g'£{Qfs%rotrﬁ gilég&}etg‘;e‘?

transcei vers roug e’transmiter system
guanti zat i epstan@b0mrareecived byathe transmitiensssind agtetms PR éa theaghv22dt, ayst em 250.

Additionally and/or alternativel t he repor I ed

pr ocessor 9@‘?8@% P HARYRItERY ge%“tr%‘}'?f:? @Sbggagg@rgéazg%&ﬁ %%%Ddlé‘i;’ﬁ?‘fol S
for the TX b?%tt?an%ﬁ?e@ §§s%rn Addhoangot beo, Td M Mo QGLSSAE RACGata bfbc@&%r
exanpl e, thé CSI and/or other information processed by the RX data

processor 242 toéxttdetheresesv litkencsyst teansit@eddarthb ecoprvovsydtah 230. alndate si nk

244. embodiments, the processor 230 of the transmitter system 210 then determines which

pre-coding matrix to use for future forward link transmissions, and then processes the



[0061] I n sone enbodi nents, the processor 230 at the transmtter system 210

and the processor 270 at the receiver system 250 nay direct operations at

their reswecvivms2ystens. Additionally, a nmenory 232 at PCimaSke1afgssiet t er

system 210 and a nenory 272 at the receiver system 250 can provi de storage

for program codes and data used by the gyansmtter system processor 230 and

the receiver system processor 270, respectively. Further, at. the receiver
Z0apey e

syst em 250 XUYAHFOHESPED EUNFHFHOOE RIS RQFFsHRY Fie6 LSS SIEPAONR
recei ved si,gngl ke boufiRk ARty TAgn Mol LARS L LA iNERGhiSIhears. These

recei ver processing techniques can include spatial and space-tine receiver
processi ng techni ques, which can include equalization techniques,
"successi vd00adl | i nby wheranbodimants, andpdarieddrSlere be pravadeddd ithat proeessereld€i ver

rocessin chni qgu and/ ar ."successi,ve interference ncel l ati qn" or
P veceest et B RisTR: SR H0 DA RR Buh b L RS ER RGeS Pl o
systens, thedipRwad arlduravh kéitkes fabeaksed Fandirl or RIS Ehth s&adrhd. €bhd he data and

signaling information to the user ;&;lpnent; whi l e the physical downlink
control chasienincppetipg aphmodeiation pisBigy cakienhc AEVirsre PAK LAY ol

| nf or mat i ofyf Qe TG, R CEREIUASS ol ALATIBE LR FagandLng kea dowp! ik -
schedul i ng assi gnnent's, uﬁ I'nk resource grants, transm ssion schenme, uplink
power cont rqabntiZasibm aet/@uise rimtatea tragtiaismionefpeht raceues isteHAR) Addifiomaiigt i on,
nodul ati on and codi ng schenes (MCS) and other informatign, A DCl can be

UE- speci f | @n@/eéeﬂit%%ty&fy, gk r@%‘i’"ﬁe-ds%%'éiaflibé usebnigregseropratetthen dif f erent

dedi cat ed b i th
edi cate %ﬁﬁ Rﬂ%ﬁ%téﬁ?l&% q%ﬂ%?éva%oh?b&tﬁd?&fo?@%?c%ggﬁﬁgde%%r 2%%21 Q the

format of t ey%CI. A user pment attenpts to

per f or m ng tlee PKAIBEO promasord80a Ihbnaekadpdn dhes, CHllanidrng oflieir cdfoemgslonr al i ty of
decode attenpts are i out in e search spaces until the DCl,is
Gotect eq. | povssFans €Y G Tt R R e e SR s RGP 5 e
type and an®py@htaQfnki 7a4or mation that is carried by the DCl. For exanple, if
spatial nultiplexing is supported, the size of the DCl nessage is |arger
conpared to scenarios where contiguous frequency allocations are made.
Simlarly, [0¢lla slpsvose antodinaerss, shespraspr 330eat B trangeittar sesternd 18@ad t i onal
signaling i i th i.S.:hot . . ilize
VD Aceortth Rar e B i RO A S REO R Ry B iR ol « ha
are suited sfaemgli Atigitiondllyc amidngiiy 2B2 anthe trhadthigted sySteMiAT() Zeisa inb@oB7X or mat s
that are listed as part of LTE Rel-8 specifications. It should be noted

that the didst1aswdyEREdem AeRcan pianidaisiagselor RPBERR A anh deBApehdt then wi th
ot her DCl E]%Eel%m%%r %{l%gsnﬁ)ﬁro%bs%&s%drﬁﬁl tfie kcéiv@%h‘%%c&%r f?@f f@foécti@gly. For mat

Pur pose Nu
Further, at the receiver system 250, various processing techniques can be used to

process the Ny received signals to detect the Nt transmitted symbol streams. These
receiver processing techniques can include spatial and space-time receiver processing
techniques, which can include equalization techniques, “successive nulling/equalization
and interference cancellation” receiver processing techniques, and/or “successive

interference cancellation” or “successive cancellation” receiver processing techniques.

[0062] In LTE systems, the physical downlink shared channel (PDSCH) carries the
data and signaling information to the user equipment; while the physical downlink
control channel (PDCCH) carries a message known as downlink control information
(DCI). The DCI includes information regarding the downlink scheduling assignments,
uplink resource grants, transmission scheme, uplink power control, hybrid automatic
return repeat request (HARQ) information, modulation and coding schemes (MCS) and
other information. A DCI can be UE-specific (dedicated) or cell-specific (common) and

placed in different dedicated and common search spaces within the PDCCH depending



(10 MHz) O Uplink Resource Grant 42 1 Downlink Resource Assignnent - single
codeword 47 | A Downlink Resource Assignnent - single codeword/ conpact
format 42wOB0Daami3snk Resour ce Assi gnnent - rank-1 tran®cirasean/04621C

18
on the format of the DCI. A user equipment attempts to decode the DCI by performing

a process known as a blind decode, during which a plurality of decode attempts are

carried out in the search spaces until the DCI is detected.

[0063] The size of the DCI messages can differ depending on the type and amount
of information that is carried by the DCI. For example, if spatial multiplexing is
supported, the size of the DCI message is larger compared to scenarios where
contiguous frequency allocations are made. Similarly, for a system that employs
MIMO, the DCI must include additional signaling information that is not needed for
systems that do not utilize MIMO. Accordingly, the DCI has been categorized in
different formats that are suited for different configurations. Table 1 summarizes the
DCI formats that are listed as part of LTE Rel-8 specifications. It should be noted that
the disclosed embodiments can also be implemented in conjunction with other DCI

formats and/or sizes.

Table 1 - Exemplary DCI Formats

DCI Purpose Number of Bits
Format (10 MHz)
0 Uplink Resource Grant 42
1 Downlink Resource Assignment — single 47
codeword
1A Downlink Resource Assignment — single 42
codeword/compact format
1B Downlink Resource Assignment — rank-1 46
transmission
1C Downlink Resource Assignment — very compact 26
format
1D Downlink Resource Assignment — multi-user 46
MIMO
2 Downlink Resource Assignment — closed-loop 62
MIMO
2A Downlink Resource Assignment — open-loop 58
MIMO
3 Transmit Power Control Commands — PUCCH 42
and PUSCH with 2-bit power adjustment
3A Transmit Power Control Commands - PUCCH 42
and PUSCH with 1-bit power adjustment




Downl i nk Resource Assignnent - very conpact format 26 1D Downlink Resource
Assignment - multi-user M MO 46 2 Downlink Resource Assignnent -

cl osed- | owp 2M1RB2 2A Downl i nk Resource Assi gnnent - opemAiSoap/oMs¥MD 58 3
Transmt Power Control Commands - PUCCH and PUSCH with 2-bit power

adj ust ment 42 19

[0064] The size of a DCI format depends not only on the amount of information that
is carried within the DCI message, but also on other factors such as the transmission
bandwidth, the number of antenna ports, TDD or FDD operating mode, etc. For
example, the exemplary sizes that are listed in Table 1 for different DCI formats are
associated with a system bandwidth of 50 resource blocks, FDD, and four antennas at

the eNodeB, corresponding to a 10 MHz bandwidth.

[0065] In order to simplify the decoding of the DCI messages at the user equipment,
the LTE Rel-8 specifications also require that DCI format 0 (used for uplink grants) and
format 1A (used for downlink resource assignment) to always be the same size.
However, due to different information fields in DCI format 0 and DCI format 1A and,
for example, bandwidth differences between the uplink and downlink channels, the size
of a format 0 DCI and format 1A DCI message can differ. Therefore, in situations
where DCI formats 0 and 1A have different sizes, the smaller of the two is padded with
zeroes to produce same DCI message size. In order to differentiate between format 0
and format 1A DCI messages, a single bit in both formats is provided that signals the

presence of either format 0 or format 1A.

[0066] It should be noted that in some systems, the DCI messages are also appended
with cyclic redundancy check (CRC) bits to for error detection. The coded DCI bits are
then mapped to control channel elements (CCEs) according to the DCI format. A
PDCCH can carry DCI messages associated with multiple user equipments. A
particular user equipment must, therefore, be able to recognize the DCI messages that
are intended for that particular user equipment. To that end, a user equipment is
assigned certain identifiers (e.g., a cell radio network temporary identifier - C-RNTI)
that facilitate the detection of the DCI associated with that user equipment. To reduce
signaling overhead, the CRC bits that are attached to each DCI payload are scrambled
(e.g., masked) with the identifier (e.g., C-RNTI) associated with a particular user
equipment and/or an identifier that is associated with a group of user equipments. In an
operation known as a “blind decode,” the user equipment can descramble (or de-mask)
all potential DCI messages using its unique identifier, and perform a CRC check on the
DCI payload. If the CRC check passes, the content of the control channel is declared

valid for the user equipment, which can then process the DCI...



3A Transmt Power Control Commands - PUCCH and PUSCH with 1-bit power

adj ustnent 42 19 [0064] The size of a DClI format depends not only on the
anmount ofwoOnbovasaisson that is carried within the DC nmegsags20ioissal so on
ot her factors such as the transm ssion bandw dth, the nunber of antenna
ports, TDD or FDD operating node, etc. bgr exanple, the exenplary sizes

that are |i in Table 1 for different DCl fo S are associ ated th a
system bandﬁé t]h of © ERSluF R BRVFTCON B AR anﬁmerha%éatrtﬁwseaﬁfl@ﬁwagt ﬁm’flwﬁn

eNodeB, ¢ Orsémgﬂgbl'&aﬁ&l AlehfinMizCDABEWHL Ran ﬁeﬁ%@@ﬂf el \Qﬁéiigih tfié)se% 'of@b'Ef y the

decodi ng of the DCI messages at the user equi
speci fi cat |lmsonﬂ moludemn@lstdhavthldhca DCbpm;doad)as(sqz:saddﬁvmth atmlrmcmlkargﬂ"amrs) and

f t be t
Sre HomedBricato bPEReH s hEERARSS T Rt M e RSkt Rshirac e dia ba
f or mat IA aRshps (REGEX 3R HCoach RN SHedIngli ?és@ﬁ@e@%ehﬁst(mp the riplsighk and

downl i nk channel's, the size of a fornat and format | A DCI nessage can
di ffer. Thdrapercs:timaurit.t GEES mbwm@amlatﬂﬁfwtéewlsam A2 grd B fferent

si zes, the |} er o]
nmessage SiZ ép d 0rndtere ﬂ}ﬁ fé\r,}%‘tg ?lgn emb eatn\%e e(ﬁﬁf ?Eerra% gb%‘%‘l%? at%%m? I A DCl
messages, awlﬁﬂﬂmb @sdidquipmdaotdn fiar 1@@0&1evsﬁoxmﬁwadedlemgés &t golideréde

presence of either format Q0 or format 1A, [0066]1t should be not ed that in
sone syst egarch pracoClhericssdigwaceyad beirsditionsd Hie 8V agirnsye Feremea Gsrfdancy

heck (CRC d
o cont rol "eRon Lt At Shai s N FERRE Meg KR aPEC o oPL et ed, "Bt 6an
carry DCl nressagaSCEssnei atrechitoirédbymall UEphﬁvedsby ae oNogiBReaidscanAngdadd i cul ar

user equi pnent nust, therefore, be able to recogni ze the DCl nessages that
are i n? engé%f%%?“‘}nh%ﬂf 6%1?%%1%1115‘?@%18? %&ﬁ%ﬂ&%‘?‘g“% TR 985S PROGY gg

equi pmrent  i;gd ARS[IGNEthe TG ERSI\?'Ide é@Etl‘b%Ibl@ R IRs Gser-sPe@fit bodt@ ifoltinear K
tenporary identifier - that Tacilitate the detection of the DCl

associ at ed awinsmomﬁguredsmhwdq@iiypfmnaqh uBer ¢@uapreentsi gnal i ng over head, the CRC
bits that are attached to each DCl payl oad are scranbled (e.g., masked)

bt omoet 3001 hid Sl e B REP SRS Par i i EPRLC A Wi o,

equi pnent s.divifedintOPsrainb BedtEO¥ACAS0Pan (deEdSp@@ﬁ@@&r h §faee 8@ It hplilpment
can descranbl e (or de- mask) all potential DCl messages using its unique

i dentifi er be aatpdiativdiile for smeplickgclibe sreraplaryDehch 4916842 Oiff IgBiSCRC check
pessce. MR, oLy SR Al B L GOPL EE Lyl e Ve
consunptio mheaailelclosedrehﬁn@dlrmmi dvd beseiplemepmiqainmintg, a diffictomt tuﬁdber of CCEs.

Each CCE contains a fixed number of resource elements in non-contiguous locations.

Alternatively, the CCEs may be arranged in non-contiguous locations within the

resource blocks of one or more downlink control channels. Moreover, the common

search space 304 and the UE-specific search space 306 may span overlapping CCEs.

CCEs are numbered consecutively. The common search space always starts from CCE

0, while UE specific search space has starting CCE indices that depend on the UE ID

(e.g., C-RNTI), the subframe index, the CCE aggregation level and other random seeds.

[0069] In LTE Rel-8 systems, the number of CCEs, denoted by Nc¢cg, available for
PDCCH can be determined based on the system bandwidth, the size of the control
region, and the configuration of other control signals, etc. The set of CCEs for the
common search space ranges from 0 to min{16, Nccg-1}. For all the UEs, the set of
CCE:s for the UE-specific search space ranges from 0 to Nccg-1, a superset of those for

the common search space. For a specific UE, the set of CCEs for the UE is a subset of



set of control channel elenent (CCE) |ocations can be specified, wherein
the set of CCE locations include |locations at which a DCl payl oad

associ at edowntin3ao3parti cul ar UE can be placed. In LTE ReCTRIS2&00@5B2consi sts
of nine logically contiguous resource el enent groups (REGs), where each REG
contains 4 resource elenents (REs). EachyRE is one frequency-tine unit.
CCEs can be aggregated.at different |evel e.g., 1, 2,.4 and 8) .depending
on the DCI HhofTEs SAmathihiedgage %_Qrdfv@/ th ﬁficfiﬁlf@rgegi'emfldleg:enﬁ%f‘c%ﬂqﬁ@ﬁgedi n

whi ch the yggkifeAMPSRAaGER, fih B éxﬁﬁlpfeqﬁrﬁ@pg’ﬂ@l({gg%pcl _nessages are
considered a search space. The search space can be partitioned into two
regions: a comon CCE region or search space and a UE-specific (dedicated)
CCE regi on [070 ear The sipaelen scTirvh spatemouch@SBearelysage 382 abhiG. 3¢ edla k3 04l | UEs
served by deB and,can i.nclude informatio uch as paging .i nformtion,
ayst om i nf GRS o6 FsaBat 4 pedeli PRI BT R TR 6o Cheei £ 1o
CCE regi on DAIGhéeMse danlep&idasi the © AT land FcaF 4B RidndaddwRItE OTHd gur ed

i ndividually for each user _equipnment. [0068]FIG 3 illustrates an exenpl ary

sear ch spacdegegiadcye! ppxedieszomnles of jogicilyogalysicily cantigionph (Featibiredpace

304 and - i, f i 3 ile, f
201 and @ UESARRC 610001 FLISRECR B SR ELENRURT o o, T
col | ecti on agfreg@idndgvetaliéwel-d@atki, ¢ WTBs) GaEE kbR KSg., B ICUE) uhdwehst gednishat t he

di scl osed enbodi nents can be inpl enented using a different nunber, of CCEs.
Each CCE cdhissipsths cpmpaitintmibarmust be dstpieed B awishequipHeMopeetiticiuous

| ocati ons. ar j gﬁg% i j;
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so-called "tree-structure” used in LTE Rel-8. That is, for aggregation
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nf or mat | ofinORio0f Hisk SepEOn; aﬁgfﬁesngﬁ W@C@E@%ﬁ%&vﬂ'}n SEUEShaE 500 t hat

is depict e@ohﬂ“%ﬂa&ns%f cHERE |RAIRMERA b BN AEARAYEY ukt hAcdBdARE A
attenpts to erm ne which of the UE-specific candidate | ocations 504,
506, 508, 5HOdig¢loscdreyibodomindi.n the DCl i nformati on associated with that
user equi pnent. Additi onal decoding atterrpts may be needed due to

addi ti onal for ts and nmul 075]1 n sone
enbodi nment éwﬁie nunb Can ]’F{BTIS& 515°R dnocpe ea%fggp%c@fnan@qﬂ’rd'ﬁ?ﬁctl Seﬁf%cSBn%l guring

each user e@ptb@mrhtpc(s@bga DCVirgnshiigher 1Fayesanipid, fige BRCisSHeM pdcifi) usk
operate in one of several transm ssion nodes in a sem-static manner. Table

2 provi des caRDBBHIA §CIimast hoygadked ayithraegedadip materk sampairgdenificr {Cshoul d
b ted t t
e LA St
are not | i <IRdis maskadwéth2 pabaty RNZI (P-Exdipbad gy sttnaitdomnssion RNVHASS-

RNTI). In other examples, additional RNTIs or other codes may be used for masking
the CRC. As noted earlier, a user equipment conducts a blind decode to discover the
location of the control information. For instance, in the example UE-specific search
space 500 that is depicted in FIG. 5, a user equipment may conduct up to 16 decode
attempts to determine which of the UE-specific candidate locations 504, 506, 508, 510
(if any) contain the DCI information associated with that user equipment. Additional
decoding attempts may be needed due to additional RNTIs, DCI formats and multiple
PDCCH candidates.

[0075] In some embodiments, the number of DCI blind decodes can be limited by
configuring each user equipment (e.g., via higher layers using RRC signaling) to
operate in one of several transmission modes in a semi-static manner. Table 2 provides

an exemplary listing of different transmission modes. It should be noted that the
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disclosed embodiments can also be implemented in conjunction with other transmission

modes that are not listed in Table 2.

Table 2 - Exemplary Transmission Modes

Transmission Description
Mode Number
1 Single Antenna Port — Port 0
2 Transmit Diversity
3 Open-Loop Spatial Multiplexing
4 Closed-Loop Spatial Multiplexing
5 Multi User MIMO
6 Closed-Loop Rank 1 Precoding
7 Single Antenna Port — Beam Forming with UE-
Specific Reference Signal
8 Single- or Dual-Layer Transmission with UE-
Specific Reference Signal
[0076] In one embodiment, each transmission mode may be associated with two

downlink DCI formats of different sizes, one of which is always DCI format 1A. In this
example, the DCI formats 0 and 1A can be forced to be of the same size (e.g., via zero-
padding, if needed, as described above). Therefore, each transmission mode has a
maximum of two associated DCI format sizes: one corresponding to formats 0/1A and
the other corresponding to another DCI format. Using the common and user-specific
search spaces that are illustrated in Figures 3 through 5, the maximum number of blind
decodes can be calculated as: (2 DCI sizes) x (6 + 16 search candidates) = 44. In
another embodiment, in order to support UL MIMO, a third DCI format size may be
introduced in the UE-specific search space, such that the maximum number of blind
decodes becomes (2 DCI sizes) x 6 + (3 DCI sizes) x 16 = 60. It should be noted that
the maximum number of decode attempts can be generalized as: Npcp = (total number of

DCI sizes) x (number of search candidates).

[0077] Table 3 provides an exemplary listing of seven transmission modes and
associated DCI formats. It should be noted that the listing in Table 3 is only provided to
facilitate the understanding of the underlying concepts. However, the disclosed
embodiments are equally applicable to additional transmission modes and/or DCI

format configurations associated with both the uplink and downlink transmissions.
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DCI format that can vary based on the transmission mode. For example, DCI format

2A can be associated with transmission mode 3, DCI format 1B can be associated with
transmission mode 6 and DCI format 1 can be associated with transmission modes 1, 2
and 7. The listing of Table 3 further illustrates that two or more of the transmission
modes can have identical DCI formats. For example, in the exemplary listing of Table
3, transmission modes 1, 2 and 7 are all associated with DCI formats 0/1A and DCI

format 1.

[0079] The number of decodes associated with a blind decode scheme can increase
in systems where multiple component carriers (CCs) are used. In some systems,
multiple carriers may be used to increase the overall system bandwidth. For example,
two 10 MHz component carriers and four 20 MHz component carriers can be
aggregated to extend the bandwidth of an LTE system to 100 MHz. Such component
carriers may span a contiguous portion of the spectrum or reside on non-contiguous

portions of the spectrum.

[0080] FIG. 6 illustrates a system 600 that can be used in accordance with the
disclosed embodiments. The system 600 can include a user equipment 610, which can
communicate with an evolved Node B (eNB) 620 (e.g., a base station, access point, etc.)
one or more component carriers 1 through N (CC;-CCy). While only one user
equipment 610 and one eNB 620 are illustrated in FIG. 6, it will be appreciated that the
system 600 can include any number of user equipment 610 and/or eNBs 620. The eNB

620 can transmit information to the user equipment 610 over forward (downlink)
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channels 632 through 642 on component carriers CC; through CCy. In addition, the

user equipment 610 can transmit information to the eNB 620 over reverse (uplink)
channels 634 through 644 on component carriers CC; though CCy. In describing the
various entities of FIG. 6, as well as other figures associated with some of the disclosed
embodiments, for the purposes of explanation, the nomenclature associated with a 3GPP
LTE or LTE-A wireless network is used. However, it is to be appreciated that the
system 600 can operate in other networks such as, but not limited to, an OFDMA

wireless network, a CDMA network, a 3GPP2 CDMA2000 network and the like.

[0081] In LTE-A based systems, the user equipment 610 can be configured with
multiple component carriers utilized by the eNB 620 to enable a wider overall
transmission bandwidth. As illustrated in FIG. 6, the user equipment 610 can be
configured with “component carrier 1”” 630 through “component carrier N” 640, where
N is an integer greater than or equal to one. While FIG. 6 depicts two component
carriers, it is to be appreciated that the user equipment 610 can be configured with any
suitable number of component carriers and, accordingly, the subject matter disclosed
herein and the claims are not limited to two component carriers. In one example, some
of the multiple component carriers can be LTE Rel-8 carriers. Thus, some of the
component carrier can appear as an LTE Rel-8 carrier to a legacy (e.g., an LTE Rel-8
based) user equipment. Component carrier 630 through 640 can include respective

downlinks 632 through 642 as well as respective uplinks 634 through 644.

[0082] In multi-carrier operations, the DCI messages associated with different user
equipments can be carried on a plurality of component carriers. For example, the DCI
on a PDCCH can be included on the same component carrier that is configured to be
used by a user equipment for PDSCH transmissions (i.c., same-carrier signaling).
Alternatively, or additionally, the DCI may be carried on a component carrier different
from the target component carrier used for PDSCH transmissions (i.c., cross-carrier
signaling). For example, with reference to FIG. 6, a downlink assignment on
“component carrier 17 630 can be indicated to the user equipment 610 via PDCCH on
“component carrier N” 640. Cross-carrier signaling facilitates the operations of
heterogencous networks where, for example, due to the time division multiplex (TDM)
nature of the downlink control signaling structure, some of the component carriers can

have unreliable control information transmissions due to frequency dependent
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may not even carry control information. As a result, a different component carrier can

be used to provide the control signaling.

[0083] In some embodiments, a carrier indicator field (CIF), which may be semi-
statically enabled, may be included in some or all DCI formats to facilitate the
transmission of PDCCH control signaling from a carrier other than the target carrier for
PDSCH transmissions (cross-carrier signaling). In one example, the carrier indicator
field comprises 1-3 bits that identify particular component carriers in a system that
utilizes multiple component carriers. In another example, the carrier indicator field
comprises a fixed 3 bits that identify particular component carriers in a system that
utilizes multiple component carriers. In general, the number of CIF bits required is
given by ceiling[log,(Nug)] if the carrier indicator (Cl) is UE specific, where Nug is the
number of carriers configured per UE. If the CI is cell specific (i.e., common to all UEs
in the cell), then the number of bits required to support CIF is given by ceiling[log,(M)],
where M is the number of carriers configured for the cell. The inclusion of the carrier
indicator field as part of the DCI allows a component carrier to be linked with another

component carrier.

[0084] FIG. 7 illustrates a communications system 700 in one embodiment. In FIG.
7, communication system 700 includes a node, depicted as a serving evolved Base Node
(eNB) 702 that schedules and supports multiple carrier operation for an advanced user
equipment (UE) 704. In some instances, the eNB 702 can also support single carrier
operation for a legacy UE 706. For the benefit of the advanced UE 704, the serving
eNB 702 encodes a Carrier Indication (CI) 708 on first channel 710 on a first carrier 712
for scheduling an assignment or grant 714 for a second channel 716 on a second carrier
718. In a first instance, there is more than one uplink channel (i.e., second channel) 720
on the second carrier 718 that is designated by the CI 708. In a second instance, there is
a downlink second channel 722 on the second carrier 718 that is designated by the CI
708.
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carry cont sedrch sifage ped canbe vsd & scbsdile both whidabtetrafc acdbpodent traféicr i er can

be used to IPJiga\é{ tga?fﬁtc r1]se poclgtrj‘}orﬁ)olmt tr srmssmg ‘between the eNB 702 and one of the UEs



[0083] I n sone enbodi nents, a carrier indicator field (CIF), which may be
sem - statically enabled, may be included in sone or all DCl formats to
facilitatwotha/weaasm ssi on of PDCCH control signaling fPcomsacioassseer ot her
than the target carrier for PDSCH transm ssions (cross-carrier signaling).

I n one exanple, the carrier indi cator fbeld conprises 1-3 bits that

identify particular c rrpon .carri a.systemthat utilizes nmultiple
component  cdfri¥r $ro iy Mﬁ@ Onfmmeafpr%lﬁlpphap%}eembeé%en

conpri ses qhgéﬁge}'ogaﬁ)&hﬁltiﬂ]@UEISG}@[ptj(%y particul ar conponent carriers in a
systemthat utilizes nul l e corrponent carriers. In general, the nunber of
CIF bits required is gi ven by ceil |'nggl 092(NuE)] if the carrier indicator
(Cl) is UEI¢RNEi fihlonmreeﬂ@dm@ti(@pmml ntherio®B Hi2 roay siges] srasemshirigtur ed per UE.
If the C is cell

number of 5peERph AT BREhdRE o e ReE QIR Tt Sl L1, TREFRE 0 " hner o

Mis the nuppira OfF 0TI Bfrhats athic QUT-eskcify schik@ sp&delonlyl isink MGl Msbew of the
carrier indicator field as part of the DCl _allows a conponent carrier to be

li nked wi t foanbekBICl deimiheanigueadfpethe spooBaji@ydinkzransmissionapeds, an
t
cyst em 700 "TEPELRLR B da@RHAIRAL P gy bl QeShinRT MR 0 o

702 that sdbtwethtd, és\ Iﬂn@lommbm tmsd ari¢w DU ot 10i él?hemee/rlacl fonmbBm@rbeadvanced
user equi prment (Ul sone .instances, the eNB 702 can al so. support

singl e car GPEENTHE /étﬁlérprfra?) 1B} dDac) 2oeandB’. Acod roswe WEhits mbdimen,
advanced U QS I Cl) 708
on first thae?n%e m%geagﬁ{%la?kglr{ey Bccg?rl erg%g)s%‘ngrl%gcﬁ& Ul [{ﬁngﬁ%ﬁﬁda%glcgnnent or
grant 714 fspacealssserthCdtﬁramam LA'10B amdnlB’/kle’éﬁm cHrshowdd bZ h8tedltimt ahd Janst

i nstance, there is re th one u ond hannel) 720
on_the. secoiaenaid P b appErd iy et BHEPEM Sy L Tnes 86 Soiet S8Econd
instance, thersci 3B ausiRnid dia]l-$8%PPchneBARR |neZ)2ECQ'F0 ﬁ@?aﬂm garrier 718
that is designated by the C 708. 27 [0085]1n one aspect he serving eNB
702 perfor MIMﬁwstaean,rqter O&l@s ﬁlghh@megt&dnsqnlﬂed bplow may alnsebe wnlshblsgo

conmuni cati_Qn elv ransnltter 724 a conputing platform
726 and an ehgogeﬁﬁgg JweﬁJCSFmYQEW%$ 6 accesses a user-specific
code 730 and generates the aSS|gnnent or grant 714 according to the CI 708

for the noreogohan Dindiswibodknahoslse TZOCIH is dowmkiudld ﬁetthendmﬁia)arsezﬁ’ch 722 on
the second carrier 718. The encoder 728 encodes at | east one

user - speci FPicesbsthire DA dermete 40 ang ICheangswaingpebineed (lcf‘odeTF/§el §nd a
conmmon sear '
Cranen to. Charp g unfifal 6, RGG AP Eufitr Rkl MRE AT ICT Bimdta |
assi gnnment aod Oeaartte uZ&dlfor[cﬁ&&@]aﬁienhhiaadtyrﬂfﬁméVhdwﬂ]ncqﬂloUEioéﬁﬁoﬂBappbms
cross-carrier assi n mul.tipl e carr:ﬁjvvlreles nlcalon u3|ng

a recei ver %%, Calale?ﬁlgﬂ i {PEpropacassaTg PTG PP HEPABIERE B decoder
748. The CoERWINY rBJle%I%uﬂ{%Eﬂst@n ﬁﬁ%@ﬁfoaqalacmsnaﬁﬁqqasftérqnﬁmgu&ﬁﬁ}ocﬁhe
receiver 742 receives t iTst channel 710 on the first carrier 712. The
decoder 74&MdB¢trdieslude infemsatioorer @fe armeorgsther sgraicisf drcbysdsaliaaredd pae 8 732

usi ng the eﬁggjs eC|f|c code 750 and the common search space 734 to detect
the ClI 708 é tter 744 or the receiver 742 utilize the assignnent
or grant 714 for the first channel 710 on the first carrier 712 according
to the CI 7081][ 008 Vdtiation eR ewlrareyntiodph@e0padt DY), ratidrtfnsoxpRdidesthe

mul ti-carrier operation. A UE may_be configured with mul tletple carriers.
Di fferent OflPEPS path ae%?eﬁ@é%%@ FORE FeHEe TeasregdbifriniDftidprastdie or Al so,

sone carf i %ﬁﬁlem%il &bn %eﬁ eﬁ/\’@é got%%@@e%t klpéheds\%l{eﬂ tllleeﬁ tYs s Fﬁf‘k‘l@d a LTE
Rel-8) devi ces, sone even do not cafry any cont ro Si gha
result, it Batgmglﬁﬁﬁb(ﬂmm)esysjerham{emammsmm (SIRNTDrtr mdH andogriadciessy such

that one c er. c nsmt P h duI in Ssl ons over a
di f f er ent %&ﬁ% ﬁ?ﬁé&%@kéﬂﬁ (7B softyy dok gep eﬂﬁ%@?@@%ﬁ%ﬁh pegt
concerns | 8% ARQ)Q;r&Jes@mﬁﬁ‘l‘}err'aﬁ&/ok ﬂfé'l&%rﬁ{nkas% g%n%ht BI4Bx Zﬂ?D dn'[‘ﬁ' udi ng
whet her the |FIS applied to unicast traffic only,” broadcast traffic only,

or both unlaCfaEtseraﬁblbltﬂrméd“cfaBtl$Waf0h|ma}ylafn@edheemh¢ﬂﬂlcﬁlFoA‘s aansu:lthECdem gn
of DCI fornats . faqr arrier. sigpali i.n view.qof sone yst

whi oh 0o foia A mey S5 BahS Hied po e £ oS Ll SRS AR SR
UE- speci fic search space and can be used to schedul e both unicast traffic
and broadcast traffic. Unicast traffic is point-to-point transm ssion

bet ween the eNB 702 and one of the UEs



28 704, 706. Broadcast traffic is a downlink only point-to-nultipoint
connection between the eNB 702 and nultiple UEs 704, 706. [0089]In one
enbodi mrerwoQ@ata3enssl ), the eNB 702 may signal cross-car PCEUSepenass2on by
extending the LTE Rel-8 DCI formats with CIF bits. The eNB 702 can apply a
ClF to DCl formats in the UE-specific search space only, using it with both

downl i nk DC| fo ts configured for the specific downlink transn ssion
mode, | and WERITSCIOT PedgEst BaKsy T@ﬁIS?WRDsCi‘ﬁ@a’Bﬂﬁdﬁﬁ}gnWP‘élp {1 #itl ude

defi ni ng newdayl ¢ FF? 5 bd @Jg@&%@th%tﬁé'r%&b@&%eﬂ%s%&cn&ﬂ%eﬁmﬁew DA format
0. The new DCI tor S ray designated 1A° (1A prine), 1B, 1D, 2', 2A

and 0'. As a result, with this enbodinent, the common search space uses DCl
formats 1A100%Ad 11D, anather @méomesb@ﬁthl)s‘élar@NB HPavey axydy theewWkDaboflor mat s
1A /O and 1B L1D /. be noted that sanme . desjgn may al so
be appl i ed t?e%gﬁyecég%erarﬁdpa? %nr%ig#% C?IHH%OHS%% JPECi in BisSair b @%’g‘ée e.g.,
DCl 2B suppgplidde Dtiforhay en, beaa orifkiiGoniteyn §4etchf a&mbé@l)dowmmamlng UL
M MO operatl on, etc. Other embodinents described bel ow may al so

appl i cabl e @mwéwonéitgheqd fpcthe speaiiag Gansmissien pde ¢ DG domesd Odfpr @Ipiu&fe t 00.
0090] | d
[ I1n tggﬁedﬁﬁgﬂ@g§%§8@%§ﬁcﬂ Q%Xgoﬁg%%d?%élc %ﬁhﬁh&% add”onte*b%é‘romn

search spa rmat s enmal n unchanged (i

LTE Rel-8 dormpatdnd )1 ﬁndatrﬁag/reb@chﬁc&dbj @IF lsftsr'@tzexteamn er erbbamid\:gmt traf f| c
and DC format% 1A and 0’ .can be used f ZZrAcarrler uni cast traffic.
Wi | e t hi s d5pibee abryss, fﬁ%ﬂ“%&@%%ﬂésé%ép/? sigridfiOng s dFesBitdhficast

traffic vigoifdon@ Elgﬁts]zakce%ﬁhls?m%ﬂnﬁ% &Y B i €5 ahy ﬁfé IE"E g&?ﬁ%&@hgg

System | nformation or Master |nformation
i ncl ude i nfspaazatillane fhersaoed @ formate amtm@ptma}arhoec §1A'GY, ]lﬁ//lcﬂlé’dl/mt)ed | ayer 3
(RRC) signaling. [0091]In a variation of the first enbodi ment (Option IA),

rasorved bl op paRiT O RaT 15 fhish FrabitireBt GRGR Rk UFL ot

needed, sughva@groWedtrit Rﬁﬁ@ﬁhghﬁb&ﬁﬁmnﬂmbyea R@%mﬁh@m@eaml) System
I nformation RNTI (SI- or a Random Access RA- RNTI ) based

scranbl i ng S%@Jlésmlc@ foréz@élmbméast kb dnapitratfie. oHﬁWﬁ&erR@séTa:tUORéh@medlmemQ)

process nu served
B tein Lre i PR kAR T RS AT M i Ao R ik
format 1A' 1meyhdhEY foricheyimameoaslcase traffict or mat 1A, but may still provide for
cross-carrier 29 signaling for broadcast traffic. The sanme DCl fornat

erbod mont S0MEALC: | bisolner dwbog oot IbABs < SR mrererbcse LR R ¢ e
eNB 702 may,applg gectlﬁg se%rﬁ stpgcéjéﬁdhthé B@m{'ﬂ%n%&ﬁ% Epae S&l@hﬁg I%Eé?ﬁl% Rogr efe

common sear ch spac hi's case, i's applied formats 1A,
and 1C i n th®@ dommats kzé/é)rluhhescpmmeon Brmcrh slbavm(lCEIEks DlapploeimtI3Ckomhatgur ed f or

t he speC|f transm ssion e 1d fqr.mat ., O f i hk, sche ng in
the OB spedidi E3al R Glafal Siftine isei T Shar aniec R o B dGIREDGTE S o
and DCl f orfg@batOcrguriadbf !h@@p&\iﬁ&‘ﬂ&w@hﬂ(&ra{n@ﬁns@f&lm&ﬁh@% BOPRAGLND as

descri bed above), resulting in formats 1A, 1B /1D /2'/2A", 1C and O As

a result, tibiethe sptimnsobedulins, wghe ¥ Enipetifig seargiorpater Reletsd DCY ma‘fﬁdAl@d "and
t he UE-speC|f| ar wi | | t | s.as in Option |
above (1A Pg* o E?ﬂ%& /aﬁg ?g,ﬁ f?rrnat o4z moBﬁieﬁ%nPCIP%lts (lg)y gqgnsmn or

ernbedding) resulting in formats 1A’, 1B’/1D'/2'/2A" and 0’. DCI format 1C is not

changed. As a result, the common search space includes DCI formats 1A" and 1C, and

the DCI formats used in the UE specific search space are the same as for Options I and

IT (i.e., 1A'/0, 1B'/1D'/2'/2A").

[0095] Compared with Options I and II, the Option III embodiment provides for the
UE to have cross-carrier signaling in both the common search space and in the UE

specific search space for both unicast traffic and broadcast traffic (using DCI format 1A



[ 0093] Conpared with Option I, the Option Il enbodi ment provides for the UE
to have cross-carrier signaling in both the common search space and the
UE- speci fwo 288z3ed35space for both uni cast and broadcast pCcrafstelo/o4dienever ,
the Option Il enbodinent is not backward conpatible with LTE Rel-8 as it

i ncl udes nodifications to DCl formats | 4pand 1C for carrying br oadcast

traffic. [0094] not her enb di ment ( on Il11), NB 702 may apply
the CIF toOBBthT B peené%éabp e@é&raéwc@ﬁ%wdﬁalmﬂ ewﬁ%@%éﬁm space,

but may HID@I%Hﬁmqigwﬂkﬂqé%ﬁﬂg$%%a gjmats 1A/0 in the common search space
(CIF is not applied to DCl format 1cf As with the Option Il enbodinent,

the CIF can be applied to both downlink DClI formats configured for the
speci fic dd0f6l nk hlr?éllnﬁm swbodimentié)ptiand Vi.chOSNBI 102 mety @phyoz Cithee DI i nk
scheduling,. in.th peC|f|c search s el ated DClL for A and one
ot her for mif ™ 4hd MSE TE SO eRr SR %B ST HP LN B e @ ion or
enbeddi ng) fé@gds IAr@aﬁd’ll¢ Qfﬂﬁ%'fcﬁmhfbn sedBh spdde/ t% Ho2f\dowilehkDCT f¥ehnafsor mat 1C
is not changed. As a result, the common search space includes DCl formats

1A and 1Ccomghrehiorp speeifisslosniigk frapsmistien pedesadite DT derma A fepaiakar e
th /2
[OSQE?EEngg?% Bhﬁ?hh@p??g;% ng%éﬁﬁﬁw?héﬁ%pgléﬁ}P 0}g§bodkﬁé%%agggg%des

for the UEniay Ueavgintimedst.caunmedifisd)foabdchyardicdagiatibilivg fadnomicas @affoch space
and in the UE specific_search space for both unicast traffic and broadcast
traffic (u§PﬁBrE@Pm¥HPﬁ%{ A 30 only). The Option Il enbodinent is also
backward conpatible with LTE Rel-8 via DCl format 1C, which remains

unchanged. [H@396] IM&@@% t @Jlamsﬂédrmﬂhe @&%gdlﬁgdés\éhpu&h@ftﬁm@aggIvay apply a

ClF to DC fornats in h the common search Space and specific
search s pa@mbOtimldDCIthef trllomting dxsmplargpberha@ivas maryéoet:@rmﬁﬂdnreééarr@hnm@ace, to

bot h downl i nk DCl : t onfl for e spe nk transm ssion
oo, on eBt Rt BT of Rt TRert e e B R i LD e BOR o o
space. DCl 1&ef gah@4lldu\;aabnsld%ﬁn@a_f&§¢d)15hé‘%@galoh@evdmy be mal ntained (i.e.,
unnodi fied) for backward conpatibility broadcast traffic and/ or unicast

traffic. [0097] More particularly, based on the foregoing description of the
Option |V d¢0di neAtternatiee F:3 POWbinep X ENpICGr VA 2 B¢4rat] & klsndhdegodes.
consi dered for common search space blind decoding, where there are 2

| ocati ons ggfjiged Lot CCF AaoheastLom@VRY, fo 2l ibaertiRaRdglsned for

CCE aggreg | ev

[0102] Alternative 3: 3 DCI sizes 1A'/0’, 1C, 1A =» 3(4+2)=18 blind decodes.
[0103] Alternative 4: 4 DCI sizes 1A'/0', 1C’, 1A, 1C =» 4(4+2)=24 blind decodes.

[0104] For each of the four alternatives, the UE specific search space is the same as
Options I and IT with 32 blind decodes. Accordingly, under Option IV, either 50
(18+32) or 56 (24+32) blind decodes may be required, in comparison to 44 blind
decodes in LTE Rel-8, to obtain the flexibility of cross-carrier signaling and backward
compatibility with LTE Rel-8 unicast traffic or broadcast traffic, or both unicast and

broadcast traffic.

[0105] Table 4 summarizes the embodiments described above:



[0100] Al ternative 1: 3 DCl sizes 1A /0", 1C, 1A4 3(4+2)=18 blind decodes.
[0O101] Alternative 2: 3 DCl sizes 1A'/0', 1C, 1C 4 3(4+2)=18 blind decodes.
[ 0102] Al twonatt/os2033: 3 DCl sizes 1A /0", 1C, | A 4 3(4+2peTaishitonassdecodes.
[0103]Alternative 4. 4 DCl sizes 1A' /0 311C, 1A 1C 4 4(4+2)=24 blind
decodes. [0104] For each of the four alternatives, the UE specific search

space is the sane as Options | and Il with 32 blind decodes.

Accordingly,

under Qption IV, either 50 Tagled2)SwnneeyefEngwydimentsd decodes may be

required, in conparison to 44 blind decodes in ITE Rel-8 to obtain the

flexibility dPptéamoss]car r CemmuingSrardhripagnd ba‘“kwaU% %%E(Hﬁtfieméh

ni cast an

Rel-8 unicast traffi¢c or broadcast traffic, o

éNI th| LTE
roadc st

traffic. [[0105]1 Tabl & 4 sumuarl&®si€he enbodi hents ﬁrﬂd}i?é/%?is’ﬁ"gtlox‘o

2011/ 032035PCT/ US2010/ 048521 31 Table 4- Sunmary of

Common Sedrch Bpace UE-Bpeci€ (es@eat bits iBpage 1A", 1B/1D'/2'2A
11 1A', 1C Same as above
11 1A'/0', 1C Same as above
v 1A’/07, 1C', 1A Same as above
1A/0, 1C, 1C
1A'/0, 1C, 1A

1A'/0', 1C, 1A, IC

[0106] Other options for the common search space contemplated herein include,
without limitation, {1A/0, 1C'} or {1A/0, 1C, 1C'}, where the CIF is only introduced to
DCI format 1C instead of DCI format 1A/0.

[0107] FIG. 8A is a flowchart illustrating the operations of a method 800 that are
carried out in accordance with an exemplary embodiment. The method 800 may be
performed by a user equipment, such as the advanced UE 704 depicted in

communication system 700.

[0108] The method 800 of FIG. 8A begins, at operation 802, by receiving a plurality
of component carriers configured for a wireless communication device, the plurality of
component carriers comprising a plurality of search spaces comprising one or more
common search spaces and a plurality of user-specific search spaces. The method
continues, at operation 804, by receiving a cross-carrier indicator configured to enable
cross-carrier signaling for a first component carrier and, at operation 806, by
determining whether the cross-carrier indicator is present in the control information
format carried on a second component carrier, based on an association of the control

information format with a search space on the second component carrier.

[0109] In one embodiment, cross-carrier operation may be configured and signaled
to the UE by an upper layer of the communication protocol (e.g., the radio resource
control layer) and the carrier indication may be constrained to 0 bits when there is no
cross-carrier signaling, and 3 bits when cross-carrier signaling is implemented, where

the use of a fixed number of bits (e.g., 3) reduces complexity by eliminating the need to




| 1A/0, 1C 1A', 1B /1D /2'/2A 1A 1A 0O, 1C (reserved bits in 1A) 1A',
1B /1D /2'/2A 11 1A /0", 1C Sane as above Il1l 1A /0", 1C Sane as above |V
1A' /0", 1IMD,20112032035 PCT/US2010/048521
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signal and detect the number of CI bits being used. Such signaling may be specific to
both uplink (UL) and/or downlink (DL) carrier assignments. Such signaling may be
specific to a user equipment. Additionally, such signaling may be specific to an
individual component carrier. It is important that there is a common interpretation
between the upper layer scheduler and the UE with respect to the meaning of the carrier
indicator. Table 5, below, illustrates an example of how the CI bits might be mapped to
designated component carriers in a set of five (5) component carriers for a user
equipment, when scheduling data transmissions on these five (5) component carriers for
the user equipment is carried by the first component carrier. It will be appreciated that

the bit map illustrated in Table 5 is exemplary and that other bit maps are possible.

Table 5 — Exemplary CIF Bit-Mapping

CIF CARRIER ASSIGNMENTS
000 Single Carrier (Carrier 1)
001 Carrier 2

010 Carrier 3

011 Carrier 4

100 Carrier 5

[0110] The UE carrier configuration may include a unique identifier of each carrier
that can be used for the carrier identification. Also, to enable the flexibility to address
more carriers than can be directly addressed by the 3-bit indicator, the carrier indexing
can be specific to the carrier of the PDCCH that makes the assignments. For example,
if there are 10 carriers, the UE may address the first five carriers based on one PDCCH
in a first carrier and the other five carriers based on another PDCCH in a second carrier.
Also, by limiting the cross-carrier signaling to specific carrier subsets, the total number

of blind decodes can be limited.

[0111] As described above, with respect to the details of incorporating a CIF within
the various DCI formats, the CI is generally applicable to all DCI formats that can carry
UE specific UL or DL assignments. DCI formats 0, 1, 1A, 1B, 1D, 2 and 2A are used
for UE specific assignments with C-RNTI scrambling, and can include the CIF for
cross-carrier operation. DCI formats 1C, 3, and 3A are not used for UE-specific

purposes and are located in the common search space. In order to provide for backward



1A /0, 1C, 1C 1A /0", 1C, |A 1A /0O, 1C, 1A 1C Sane as above

[0106] O her options for the conmopn search space contenpl ated herein

i ncl ude, wobthowms203sm tation, {1A/0, 1C} or {1A/0, 1C, PCTjUS20Mi0¢85e1t he Cl F
is only introduced to DCI format 1C insggad of DCI format 1A/ 0. [0107] FI G
8Ais a flowhart illustrating the operations of a nmethod 800 that are

d t d nbod t. Th th 00
be. per f or mEBTBY A GSET EaG RIS SHEHTe vt e Ve Toroedp Cled | n
conmmuni cat iRy &t MO rﬂa@%@ln?hﬁe AREIRO q—lc&%@epfm ErGRrBA4, begifhi$hated

operation 802, by Teceiving a plurality of conponent carriers confi gured
for a wirelaeé3Acwemediivdbihdhe dewinos and e meanﬁalsrsatyh sifacconpomentc carriers

conpri si ng | ural it e I si.n ne or nore conmnon
cearch:spadBeBulfh tamiiplin S ERe R Brit bt ulh B SoRned 3R e ho
conti nues, Rt PRAAEQDIaAA 180#ith b)éar&i%@ﬁid‘lldaﬂﬁ! cén BE @ﬁﬁn@ﬁﬁed@‘fonﬁ DA Gadn@ts 0

confi gured to enabl e cross-carrier signali ngﬁ(for a first conponent carrier

and, at op@nétlAdwﬂw@sa cwleaeﬂeqaﬁﬁrrhyﬁge sisetils NTh@seérf@fs@RGawrran@ﬂmg nlpcat or
|s present . %H REpEP Rl d%{a"fﬁ% rr?ér ncﬁlcaﬁ &’he% aacﬁéf%&%% %”ponegt

carrier, bas oh an assom I on e co OI’ mat orma

search spaegclasivtlhedyseRNTd, ¢hilpDae Iﬁdimfa&f 0 el 1A mﬂﬁaﬂ 4 carfaeingichiod comat |,
Cross- carr|er Egratlon may_ be conflgured and S|q?aled to the UE by an

upper | ayehays a LRE samiai-cat Pomn ottt Sk RV 928 RAsBIce control

| ayer) and the carrier indication may be constralned to O bits when there

IS no cros ri W@Q@ § ling is
inplenentezopmﬁerZﬁrétﬁggghgghgégex%hpaﬁ2%er #fgﬂ?zoﬁﬁ%hkﬁﬁmﬁk?gguces

conpl exi t y degodel DG foanitad andd Andeth with and without a CIF in the common search
space. DCI formats 0 and 1A with C-RNTI based CRC scrambling would be assumed
to include a CIF, while DCI formats 0 and 1A with SI/P/RA-RNTI based CRC
scrambling would be assumed to not include a CIF. By doing so, the number of blind
decodes is only increased by 6 (2 DCI sizes x 3 RNTIs). However, the false alarm
probability is not increased compared to LTE Rel-8. This is because the false alarm
probability is not only a function of the number of blind decodes, but also a function of
the number of RNTIs used for the de-scrambling operation. In this approach, the total
number of de-coding operations is still maintained. Table 6 summarizes the
relationships among DCI formats, CRC scrambling, search spaces and carrier indication

described above.

Table 6 — DCI Formats With Carrier Indicators

DCI FORMAT SCRAMBLING SEARCH SPACE CARRIER INDICTOR
0,1,1A, 1B, 1D, 2, 2A C-RNTI UE Specific YES
1C, 3, 3A SI/P/RA-RNTI Common NO
0, 1A TEMP C-RNTI, Common NO
SI/P/RA-RNTI
0, 1A C-RNTI Common YES

[0113] FIG. 8B is a flowchart illustrating the operations of a method 850 in a
communications system that are carried out in accordance with an exemplary
embodiment. The method 850 may be performed by a base station, such as the serving

node (eNB) 702 depicted in communication system 700.



WO 2011/ 032035PCT/ US2010/ 048521 32 signal and detect the nunber of Cl bits
bei ng used. Such signaling may be specific to both uplink (UL) and/or

downl i nk WOLRY11a8e3ser assi gnments. Such signaling my b®&CIAseimiogsseb a user
equi prent. Addi ti onal l'y, such signaling3#ay be specific to an individual
conponent carrier. is inmportant that there is a common interpretation

between th | er and the th respect t he meani ng of
the ocarri el0TH |ca11r€$/ fhaﬁgggﬁegl%mneraﬂpflgg%wat%%naa flél SMafBY t he Cl
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in the control channel.

[0115] FIG. 8C is a flowchart illustrating the operations of a method 870 in a UE

that are carried out in accordance with an exemplary embodiment. The method 870

may be performed by a user equipment, such as the advanced UE 704 depicted in

communication system 700.

[0116] The method 870 begins at operation 872 by searching a plurality of search
spaces in a control channel of a communications carrier for scrambled control
information. The method continues at operation 874 by blind-decoding the plurality of
search spaces with a plurality of descrambling codes to extract the control information.
The method concludes at operation 876 by determining the presence of a cross-carrier
control indicator based on a format of the control information and a location of the

control information in the plurality of search spaces.

[0117] For purposes of simplicity of explanation, the operations in FIGS. 8A, 8B
and 8C are shown and described as a series of acts. However, it is to be understood and
appreciated that the methodologies are not limited by the order of acts, as some acts can,
in accordance with one or more embodiments, occur in different orders and/or
concurrently with other acts from that shown and described herein. For example, those
skilled in the art will understand and appreciate that a methodology could alternatively
be represented as a series of interrelated states or events, such as in a state diagram.
Moreover, not all illustrated acts can be required to implement a methodology in

accordance with the disclosed embodiments.

[0118] As indicated above (see, e.g., Table 1), DCI formats 3 and 3A are size-
matched with DCI formats 1A and 0, which means that modified DCI formats 3’ and
3A’ with carrier information can be defined to size-match DCI formats 1A" and 0’. The
modifications can be made in the same way; size-matching via zero-padding or size-

matching by defining a specific use for existing but unused reserve bits. The later
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P/RA-RNTTI) for PDCCH CRC scrambling (vs. explicit CI in PDCCH). The new SI-
RNTI can be taken from reserved RNTIs (0000 and FFF4-FFFD, currently reserved in
LTE Rel-8 for future use), or other RNTIs.

[0122] Yet another alternative is to use one PDCCH to signal the same broadcast

content for two or more component carriers, at the expense of scheduling restrictions.

[0123] FIG. 9 illustrates an exemplary system 600 capable of supporting the various
operations described above. As discussed in connection with FIG. 6, the system 600
includes an eNB 620 that can transmit and/or receive information, signals, data,
instructions, commands, bits, symbols and the like. FIG. 9 also illustrates a user
equipment 610, that is in communication with the eNB 620 using “component carrier 1”

630 through “component carrier N 640. The user equipment 610 can transmit and/or



DCI FORVAT SCRAMBLI NG SEARCH SPACE CARRIER INDICTOR O, 1, 1A, 1B, 1D, 2, 2A
C-RNTI UE Specific YES 1C, 3, 3A SI/P/RA-RNTI Common NO 0, 1A TEMP C RNTI,
WO 2011/032035 PCT/US2010/048521

36

receive information, signals, data, instructions, commands, bits, symbols and the like.
Moreover, although not shown, it is contemplated that the system 600 can include

additional base stations and/or user equipment.

[0124] In some embodiments, the eNB 620 can include a scheduler 922 that
allocates resources on a link (e.g., downlink or uplink) to the user equipment 610 and/or
any other user equipment (not shown) that is served by the eNB 620. The scheduler 922
can select resource blocks (RBs) on one or more subframes that are intended to carry
data associated with the user equipment 610. For example, the scheduler 922 can assign
RBs of downlink subframes for data transmitted to the user equipment 610 and the
scheduler 922 can assign RBs of uplink subframes for data transmitted by the user
equipment 610. The allocated RBs can be indicated to the user equipment 610 via
control channel signaling (e.g., control information messages) included on a control
channel such as PDCCH. The eNB 620 may also include a search space configuration
component 924 that can enable the configuration of search spaces associated with one or
more control information messages. The search space configuration component 924 can
operate in association with one or more of the “component carrier 17 630 through
“component carrier N” 640. For example, the search space configuration component
924 can configure two or more search spaces to be shared among control information

messages associated with two or more component carrier transmissions.

[0125] In some embodiments, the user equipment 610 that is shown in FIG. 9 can
include a carrier group component 912 that can be configured to group of one or more
component carriers. The carrier group component 912 can, for example, be configured
to group the component carriers based on the DCI size of the control information carried
on the component carriers. The carrier group component 912 can also be configured to
group the component carriers based on the transmission mode used by the
communication system. The user equipment 610 can also include a control channel
monitor component 914 that allows the user equipment 610 to monitor the control
channels of “component carrier 1’ 630 through “component carrier N” 640. Moreover,
a selection component 916 within the user equipment 610 can be configured to allow
the selection of a group of component carriers, as well as the selection of a particular
component carrier within the group of component carriers. The user equipment 610 can

also include a detection component 918 that enables the detection of the control
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630 through “component carrier N 640. For example, the detection component 918

can be configured to conduct a blind decode of the DCI messages within a search space.

[0126] FIG. 10 illustrates an apparatus 1000 within which the various disclosed
embodiments may be implemented. In particular, the apparatus 1000 that is shown in
FIG. 103 may comprise at least a portion of a base station or at least a portion of a user
equipment (such as the eNB 620 and the user equipment 610 that are depicted in FIG. 6
and FIG. 10) and/or at least a portion of a transmitter system or a receiver system (such
as the transmitter system 210 and the receiver system 250 that are depicted in FIG. 2).
The apparatus 1000 that is depicted in FIG. 10 can be resident within a wireless network
and receive incoming data via, for example, one or more receivers and/or the
appropriate reception and decoding circuitry (e.g., antennas, transceivers, demodulators
and the like). The apparatus 1000 that is depicted in FIG. 10 can also transmit outgoing
data via, for example, one or more transmitters and/or the appropriate encoding and
transmission circuitry (e.g., antennas, transceivers, modulators and the like).
Additionally, or alternatively, the apparatus 1000 that is depicted in FIG. 10 may be

resident within a wired network.

[0127] FIG. 10 further illustrates that the apparatus 1000 can include a memory
1002 that can retain instructions for performing one or more operations, such as signal
conditioning, analysis and the like. Additionally, the apparatus 1000 of FIG. 10 may
include a processor 1004 that can execute instructions that are stored in the memory
1002 and/or instructions that are received from another device. The instructions can
relate to, for example, configuring or operating the apparatus 1000 or a related
communications apparatus. It should be noted that while the memory 1002 that is
depicted in FIG. 10 is shown as a single block, it may comprise two or more separate
memories that constitute separate physical and/or logical units. In addition, the memory
while being communicatively connected to the processor 1004, may reside fully or
partially outside of the apparatus 1000 that is depicted in FIG. 10. It is also to be
understood that one or more components, such as the scheduler 1022, the search space
configuration component 1024, the carrier group component 1012, the control channel

monitor component 1014, the selection component 1016 and/or the detection
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the network by way of an access component (not shown). In one example, a connection
between the user equipment and the access components may be wireless in nature, in
which access components may be the base station and the user equipment is a wireless
terminal. For instance, the terminal and base stations may communicate by way of any
suitable wireless protocol, including but not limited to Time Divisional Multiple Access
(TDMA), Code Division Multiple Access (CDMA), Frequency Division Multiple
Access (FDMA), Orthogonal Frequency Division Multiplexing (OFDM), FLASH
OFDM, Orthogonal Frequency Division Multiple Access (OFDMA) or any other

suitable protocol.

[0130] Access components can be an access node associated with a wired network
or a wireless network. To that end, access components can be, for instance, a router, a
switch and the like. The access component can include one or more interfaces, e.g.,

communication modules, for communicating with other network nodes. Additionally,

the access component can be a base station (or wireless access point) in a cellular type
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stations and/or user equipnent. [0124]1n sone enbodi nents, the eNB 620 can
incl ude a 9&Ee4EAE capputehispdable 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 media

may be any available media that can be accessed by a general purpose or special

purpose 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 other medium that can

be used to carry or store desired program code means in the form of instructions or data

structures and that can be accessed by a general-purpose or special-purpose computer,

or a general-purpose or special-purpose processor.

[0132] Also, any connection is properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, or digital subscriber line (DSL),
then the coaxial cable, fiber optic cable, twisted pair, or DSL are included in the
definition of medium. Disk and disc, as used herein, includes compact disc (CD), laser

disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks
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i nstruct i ompsodehsar thapegh wrwiuy extafy ayrs Anovharthdeti Certhdhet leass bnaipiocemer can
relate to, for. ex | e, confi ing or.operating the a ratus. 1000 or a
ol at ed cominalnT BieorpRa AR etk Re Tt s D8RR ACGHIFLAERE: rerory
1002 that is depicted in FIG 10 is shown as a single block, it may
conprise two or nore separate nenories that constitute separate physi cal
and/or logical units. In addition, the nmenory while being comrunicatively
connected to the processor 1004, may reside fully or partially outside of

t he apparatus 1000 that is depicted in FIG 10. It is also to be understood
that one or nore conponents, such as the schedul er 1022, the search space

. o o " A NN A o o " AN A PN




conmponent 1018 that are shown in FIG 10, can exist within a nenory such as
menory 1002. [0128]It will be appreciated that the nenories that are

descri bedwpDreotignseesti on with the di scl osed enbodi ments eam/useoieiogdser

vol atile menmory or nonvol atile nenory, at can include both volatile and
nonvol atile nenory. By way of illustration, and not [imtation, nonvolatile

menory can jnclude read anly nmenpr , pro raim"rable RO\/:(PRO\/),
el ectrical I[Ql% ogrgﬁ?ﬁﬂ%q‘%ﬁeﬁwfwéﬁg? P%éil PYVETHS IR ROV ( EEPROV)
or flash MeEREYmidabARL)dENIRIRLY COMAL TOMAEFH RN BRRAAE $&-PBIIY ¥nd RAM ,

whi ch acts as external” cache nenory. By way of iI'lustration and not
| i mitationotiRAMStenavEid tabhe dystemiapd f oetwerks’ iehofien wsgd aiteishangsallipaMA SRAM)

d ic RA h DRAM , _ dat te. M ( DDR
SoRAN) © eneBAYRsEORY ERBRRR: BIRLHTINTS il T By T BB rambs
RAM ( DRRAMA ccER¥RAIRA), sdinadodoadts OUNR ApicRAcd halictahe-cappar @V epMe0engf FI G

10 can be enployed with a user equi pnent or nobil e device, and can be, for

i nstance, &theyaliantselchDNEA aRurgpr.cednti2080 pevorptSk2Q08k I5-98and FeBiss net wor k
card, a co (1 i I K rsonal .dj gt al [ stants
pons) . oo T Snao ML R B EBR R PR OROR R e OIS *Can
be utili zedot Mobite €smnaunitativay (GSM eAn ORDMAWyRIIRINthapiessmes diagionet wor k by
way of an access conmponent (not_s exanpl e, a connection

hown). | n one npl e,
et ween 1 hashsaRes OIS TIRG (BALERA A s Smed miband (WHiDh BIEE | n
nature, in i GE . S i d r
equ:meen!t |gg§gq&“§gﬁ§§]§tﬁ§p%q§§w Eor}%%tgg%%@q? Sél ?g}r)ﬁr}l&@]h{}aa[r{gb%a%@a
st at i ons marUdBAnamipestod Unyvonay Matbiladylesamtrainication Sedtes sUPITHR)0SGIPP

i ncludin ut t Limted Time Divisij [ [ ti ccess (T , Code
oot ofondy e HREm v BliEh (iens TreRa RO T bt b S N HA ST Rich SEBLSS ( FouRy
Ot hogonal JdHeaueRtic doWnihiendEIHINVAXd NG e (HFEM uTRIWABHERRMUMAX$ hogonal

Frequency Division Miltiple Access (OFDVA) or any other suitabl e protocol.

[ 0130] Acceds FcaonfobEirs dessnbedinatpcamerts sronpateorgssigeticat rednodi ‘Bhd Gendrateah

net wor k or wi rel ess. ne . To.that en es onent an be, for

i nst ance, aFtB?fﬁléleﬁ?aﬂeé}wkm%ﬁar@gq%%“aﬁlyk@magﬁggg%igg@gglg 8?@?’? "®an incl ude
one or nor gotith&ltf 86@San @gshizatoaMAHRH €3id GéhcrDidbu| PRASMmerkBip FeREANY cating with
ot her network nodes. Additionally, the access conponent can be a base
station (oGPPI daisthet sediswisdpsstopmnpumacation [syterps mapaddipsgnally include peer-

2011/ 032035P 0100 39 er.ai | (or W rel ess
access poi 25?5’[ érg?éljﬂlg érl eﬁ?@ﬁ:ﬂe g%p Flg%r%%er Iaéigﬂso @(1:1 g@i"?%é@%@%ﬁ@% 1851%%
plurality ahpsitdisailichees spcStramspERexxswatle ¥ ISANPBLUWBTEEEY aad aepsthpoi nt s)

can be arranged to provide. contiguous areas of coverage to one or nore
cel | ul ar pRBAECTAPRE-GRNES: WHFICH FanpuRicatignipeiyques Ehggwwsquemwdﬁeems

under st ood e : i ergln my
b 1 ol eer e B e B o e R cor
Vari ous entksanpienths dbeksed brebodimeets tambeustdst cotyedction wikleL'jEreswtergont ext

of nethods or processes, which nmay be inplenented in one enbodi nent by a
conput er pr, m product, .enbodied jn .a co ter-re di, u i ncl udi ng
comut or - IR b SRS TRaRuY didhon SRl et SR EPDIIAE ST ny

conmput er s iyfiliR&t U1K Efri8NMb&EMIERNErS. frBc MG Rt AP Oy R izai BN R tOChAIHE Hat @
conput er - r eadabl e nmedi um may i ncl ude renovabl e and non-renovabl e storage
devi ces i nchub¢ Hblizadurithie disclpsedemberdimatsd SO MV hasr ym{l mangy formaragom
Access Menor cQ [15CS Qi t rssati| i VD) and
the Tike. TErernity AR G PR B R T BB SRR
non-transi tsmyl legnPutgicak-eadadhe: podiraatioPPR)MeLare st fdinhbreaodihyar e, the

functions nay be stored on or transmtted over as one or nore instructions

or code on CATEHHBIRWE. SEaldalvl/bcaneln WzeEampRlnkrcoPERMEIENIEFE IVl udes
bot h CO”P“FP?(Pl@EﬂI?e%@ﬁ??Qée@ &H&n@&'lﬂ%}hﬁ%tf'trgﬂsn'ﬁ??bﬁeﬂ é?ﬁéieﬁ‘%y’.‘g any medi um
that facilitates transfer o? a conputer programfrom one place to anot her.
A storage nedia may be any avail able nedia that can be accessed by a
general pulpdsd or Mepecialvapeuspepectcanipaties de®yibndicoin mxabplngylemndedot
limtation, such c ut er-readabl e nedia can.conprjse RAM ROM PROM
CD ROM o 88 RATTisit PR U SR B8 0GB RGO B SR CPiORGRn G 8O RE
nmagneti ¢ stafag@ifavtissucs OThaR¥mOhhR e SBAAHMNBY as@Rd A8rciSBAntbAIEabry or
store desired programcode neans in the formof instructions or data

structures and that can be accessed by a general - purpose or speci al - purpose
conputer, or a general-purpose or special - purpose processor.



[ 0132] Al so, any connection is properly terned a conputer-readabl e nedi um
For exanple, if the software is transmtted froma website, server, or

ot her rems0De0BEINIL@GE usi ng a coaxi al cable, fiber optic eablts20misseed pair,
or digital subscriber line (DSL), then u#he coaxial cable, fiber optic
cable, twisted pair, or DSL are included in the definition of medium Disk

and disc, as used herein, includes corl‘p ct disc (CD) I r.disc, optical
di sc, digi CHFOTYRASE A CPMBUIGT ROSEaBvEscess il Sigin #vaie THF%P%EEWGH}C&C% re
di sks VO 20 %d%%%%?ﬁﬁlb{&%%ﬁ%&ﬂ@&%le%eﬁ Sl lilnllfluﬁ\%gft:lﬁglgﬁgt Ak to

magnetically, while discs reproduce data optically with lasers.
Conbi nat i omsagotti¢ $teragbdeacesiegl, daal disk, floppyndiskdeegnatit kiripst die).opopd of

conput er -readabl e nedi a. neral | r noduyl es i ncl ud
Fourines, | Gt orppftadt R AR Rt B R WOV P o Fork el B
per f or m pambdrsdty Aevic@seS:., PR OMI, 84 NdticRakdyl dillleadsc 3bAdtRBhalfiAtaribysPes .
Conput er - execut abl e i nstructions, associated data structures and program
modul es r eptosagsrnedix densribed bircipregy reniesspdrnciasmask deviessrgdar e sfacking-

me t hods .dl %&ld?tﬁl%qn&ﬁ‘a{ Fo'r gtor{h? fg%%tio%glﬁlre tgﬁg%g&?neg{eaééfﬁ@ m%ffﬁﬁll"’tcggl €

i nstructions or assoclated data Structures represents exanples o

cor r espondiimnguds twthbet beinglirai@dol Wirclcbecaunet bahsarii@s otlicbatdiarcapalsibodt eps
or processes. [0134] The various jllustrative |ogics, |ogical blocks,

nodul es, afPrERr ¢UdiIngedrqrisaying ipbNadet(Plomdigrdata; Hldiigmally ¢ initdsed
herei n may J . 1 gengnali ocessor, a
digital si E(g%rhp o%dgg%gggﬁél@?%%qﬂg%%f%dgﬁegﬁ speél?#nlng%?lg?iglroge{ ed circuit
(ASI O, a finstfudtigrsagrcadesaipembiabeaaderaagon{fuREA) parforat the fuprtiogs deseebéd | ogi ¢
device, discrete gate or transistor |logic, discrete hardware conponents, or
any conbi nafi%h thereof designed to performthe functions described herein.
A general - purpose processor nmay be a m croprocessor, but, in the

al ternativggrige PrQERSSAE stOBYartdPoraidofUTeanéthedat al 6 dERSERErbEQRt rol | er,

m crocontroller or state machine. A processor may also be inplenented as a
conbi nat i oowicciompiithithgaspedts dsslosed prein anaydreinpkadiasidisetly irDsPdwpig, @ 2

m cr opr 0ces SRl AL AlLiNaRl JTELSRLOER I i Rgy 8F (IR G. W SIRRLoCessOr'S
in conjunctton Wi 2 DsPcore,* oY any ot h&rr P8 ereon I'gurati on.

Addi ti onal nyodudd mh 8stdedh ® AN @E@8&E 0/ {1488 Yn GROH| ROBI aidehody, FAR@EMIMAEHIOES
operable to performone or nore of the steps and/or actions descrjbed
above. [013BPROManaperywieeistorins hepbdisktd smovitie diskchhPoREM aedyrathdd herein
may be i npl i i S0 on)
That per for e T R iprabt bedMRRARE, ifindon. REARERNLES nol ORI AR pAT %2 B
stored i n reamey tauthe peocassdr,axecthbetdic pyocossoc essend infdinetiovn fimmy, andiwtriteray be

i npl enment ed %II thin thq% processo(ﬁ anﬁll gf xternal to the pr.ocesso%, in which
case it cadMGENHRRHINTE Atorges Pediynp e tepd ey thicdags MeAugLGRY Par i ous
means as | %mgg&qm th@p%o@@ss@f.tFurﬁféf,tiH%me Bhbb&ARhtsOMe pRER6SeP afd th%%ibréé&?' ude
one or nore nodul es operable to performthe functions described herein. WD
2011/ 03203 5RCTUMSRY 101 dABFRIASIC. Additionally, the ASIC may reside in a user equipment

(e.g. 610 FIG. 12). In the alternative, the processor and the storage medium may reside

as discrete components in a user equipment (e.g., 610 FIG. 12). Additionally, in some
embodiments, 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.

[0140] While the foregoing disclosure discusses illustrative embodiments, it should
be noted that various changes and modifications could be made herein without departing
from the scope of the described embodiments as defined by the appended claims.

Accordingly, the described embodiments are intended to embrace all such alterations,



41 [0136] The techni ques described herein may be used for various wreless
communi cation systens such as CDVA, TDVA, FDVA, OFDMVA, SC- FDVA and ot her
syst ens. Wheotigsass" syst ent and "networ k"™ are often use@Ciriaisesiolassgeabl y. A
CDVA system may i npl enment a radi o technagogy such as Universal Terrestrial
Radi o Access (UTRA), cdma2000, etc. UTRA incl udes VWdeband CDNA (W CDVR)

and ot her varj.ants of CDVA.. F th dna2000 .covers | | S-95 and
| S- 856 staﬁﬁ¥*€§1K@§ HIRIE{RY %@U‘v» et gwﬁﬁﬂﬁﬁbgé %Iogy such as
Qd obal Sys tﬁ%@ﬂoré@@t‘hbﬁ%k@%ﬁb Bﬁih'te'a&n(b%Mnboﬁﬂle% 5Y 848D

i mpl enent a radi o techn such as Evol ved UTRA (E-UTRA), Ultra'NbbiIe
Br oadband (clavByd inl thEEingo2r, 1116 Piwial | gontanifEEcd 0lcdsalirgit M | the fEmI802. 20,

FI ash- OFDVD, et are art f Unlv rsa
Tel econminCEREIh & éﬁﬁqﬁw@ . aoP oty FREIOIRRY BHY e pEf i
rel ease of aWMFa pohan 428§ obire/EMBodiehfshu@BR seitsd &E&M‘}seon the downlink and
SC- FDVA on t he uplink. RA, E-UTRA, UMIS, LTE and GSM are described in
documents from an organi zati on naned "3rd Generation Partnership Project”
(3GPP). Addft41dnal T9 ccrfanp dabthgrermvpclides d%@&?ﬁiullb@dhqrﬁhed@féwénts from an
or gani zat | %@sa@@%ﬂo %1 A0 SLEh [ &’ﬁﬁéﬂ&%gg&‘% ‘QV%% %Fangéfrcﬁiﬁlrt Furt her,
such wirel ess NI cat 1 on systens |ona I nc eert o- peer
(e.g., usenmfmunﬁamnpaﬁmf%mSEOm@qmnghBnmkqmde&amemempmwkdsysﬂammﬂﬁhten
usi ng unpaireg unl | censed spectruns 802. x rel ss LAN, TOOTH and any
fn g wREmOgg: fhe) te4) "Rl AR ?rtb%éﬁmlﬁﬁg‘é
di scl osed %ﬁgﬂghﬁQQhﬁmﬁﬁHt@héQnQ@nﬁﬁﬁﬁw“ﬂrQ%ﬂkPﬂﬁh%ﬁ%x&h&b 8ySt g ik hat use
mul tiple conponent carriers. For exanple, the disclosed en%odlnents can be
used in comljtltcnmpemﬁednottlterwiﬁaoﬁicsbqpstﬁmrsthe [c011t3>?t] Bicrpyrase CXrangoysf A egBEncy

di | t h ut i ngl ‘
odul at | on EARGTE &) ETaTALEN daa G pORolUoES Bl fra L Xcan be
utilized wehﬁblctﬁ%Qfsctmﬁghe@rﬁgoﬂiymmﬁe%n&@m@%aﬁ@g mﬂq& % s Rexf or mance

and essentially a simlar overall conplexity as those o syst ens.

SC- FDMA si gﬁwﬂome&, or dwemplppakoth d- mdeBagea@@ﬁJm theaﬂrtldef( 1faAFaR}i “PeC wssed of its
i nherent s 'tl?g Ca{l&'l &id t%t LR L& claln%s sh[o)lvﬁ[ é:e%re]ra létclorllsltrzu%gt rn:earp J‘one or
conmuni cat i ORSPRNEr e | ower can bene a user “equi prrent 1 n terms of
transmt powge” gifltiseGhedifiyd ofh8dvisd dolen i théabhekstodsRieted & a fiagtldr es
described herein may be inplenmented as a nethod, apparatus or article of
nanufacturéb%%ing standard progranmm ng and/ or engi neering techni ques. The
term"article of manufacture" as used herein is intended to WO

2011/ 032035PCT/ US2010/ 048521 42 enconpass a computer program accessible
from any conputer-readabl e device, carrier or nedia. For exanple,
conput er -readabl e nedi a can include but are not limted to magnetic storage
devices (e.g., hard disk, floppy disk, magnetic strips, etc.), optical

di sks (e.g., conpact disk (CD), digital versatile disk (DvVD), etc.), smart
cards, and flash nenory devices (e.g., EPROM card, stick, key drive,
etc.). Additionally, various storage nedia described herein can represent
one or nore devices and/or other machi ne-readabl e nmedia for storing

i nformation. The term "machi ne-readabl e nedi unt’ can include, w thout being
limted to, wireless channels and various other nedia capable of storing,
containing, and/or carrying instruction(s) and/or data. Additionally, a
conput er program product nmay include a conputer readabl e medi um having one
or nore instructions or codes operable to cause a conputer to performthe
functions described herein. [0139] Further, the steps and/or actions of a
nmet hod or al gorithm described in connection with the aspects discl osed
herein may be enbodied directly in hardware, in a software nodul e executed
by a processor, or in a conbination of the two. A software nodul e may
reside in RAM nenory, flash nenory, ROM nenory, EPROM nenory, EEPROM
menory, registers, a hard disk, a renovable disk, a CD-ROM or any ot her
form of storage medi um known in the art. An exenplary storage nmedi um may be
coupled to the processor, such that the processor can read information
from and wite information to, the storage nedium In the alternative, the
storage nedium may be integral to the processor. Further, in sone

enbodi ments, the processor and the storage nedium my reside in an ASIC
Additionally, the ASIC nmay reside in a user equipnent (e.g. 610 FIG 12).
In the alternative, the processor and the storage nedium may reside as

di screte conponents in a user equipnent (e.g., 610 FIG 12). Additionally,
in sone enbodi nents, the steps and/or actions of a nethod or al gorithm may
reside as one or any conbination or set of codes and/or instructions on a
nachlne readable nedlun1and/or conputer readabl e nedi um mhlch may be

S T 1 o, T . a F A A/~71T salz " 1 M

ot her shor t%or ‘®o CTIpEE OF



WO 2011/ 032035PCT/ US2010/ 048521 43 nodi fications and variations that fal

wi thin scope of the appended cl ains. Furthernore, although el enents of the
descri bedwerzbudizaesat s may be descri bed or clai med in th@CTiusguioangs2t he
plural is contenplated unless |imtation4to the singular is explicitly
stated. Additionally, all or a portion of any enbodinent may be utilized
with all or a portion of any other enbodi nents, unless stated ot herw se.
[0141] To t WEHARISHELAREDIRe term "includes” is used in either the detail ed
description or the clains, such tern1|s intended to be inclusive in a
manner si mjl ar UQHEHBdt rm r|5|ng as "conprising" is interpreted when
enpl oyed as a tranS|t|on inaclaim Furthernore, the term"or" as
used in either trbeivdet aplwdltyleﬁcasmpnneoncamneﬂs kenftdumedfor iasviraidssnded t o nmean
an inclusive "or" ratBer than an exclusive "or." That is, un]e s S eC|f|ed

ot her wi se, CBRIRnECRHOR ABYiFe: Hae RIBHIIEK ST comppongpcagisrs %%Efbﬁl%%%PW '
i ntended t %eﬂ?ﬁgba%@ycdﬂflprisnfg SRlFH nre 'c&ﬁhiéﬁ'sgﬁclp%a%g ald é)liﬂﬁrah]gh@{tus'ms t he

phrase "X enpl oys A or i's satisfied by any of the follow ng i nstances: X
enpl oys A; sp@eﬁpkmy@&ﬁa«mr X enploys both A and B In addition, the

articles "a" used in hiﬁ) gﬁ}lca nd t he g@ end d cl ai s
shoul d general | ;}ect?é“%ﬁgliols%é?i“%“ﬁ%é &0y ern& MOLIRCTES Bé}@P

ot herw se q&r@ﬁ@a&nﬁggﬁh{@@ngogmﬁxt to be directed to a singular fornl WO
2011/ 032035PCT/ US2010/ 048521 44 WHAT IS CLAIMED |'S: 1. A nethod,

conpri si ng: deterraéng/whefher the aioas-rarjicnindisaioprsntentwra ¢oatrsl conf i gur ed
for a wrel 1%% & E%&t%%h?e’& %eVAe‘éSnd éo*]!x?po%th' c%n'letryba% ed 819 ”IE’Q&%&%U&%F' ers

COI’TpI’I Si ng a p ura searc spaces conp

sear ch spacscoandl mf@inwnah ifryna® leﬂhSaﬁd’eaﬁ:h Spadeloﬁil tﬁewccﬂd Scﬁﬁp(ﬁfsnt carrier.
receiving a cross-carrier indicator configured to enable cross-carrier
signaling for a first conponent carrier; and

2. The method of claim 1, further comprising receiving a control channel on the
second component carrier, the control channel encoded with the control information

format.

3. The method of claim 1, wherein the first component carrier and the second

component carrier are the same component carrier.

4. The method of claim 1, wherein the first component carrier and the second

component carrier are different component carriers.

5. The method of claim 1, wherein the control information format is configured to

control downlink grants.

6. The method of claim 5, wherein the control information format comprises at
least LTE Rel-8 and Rel-9 downlink control information (DCI) formats 1, 1A, 1B, 1C,
1D, 2, 2A and 2B transmitted via a physical downlink control channel (PDCCH).

7. The method of claim 1, wherein the control information format is configured to

control uplink grants.



determ ni ng whether the cross-carrier indicator is present in a control
information format carried on a second conponent carrier, based on an
associ at iwg 20f1/i3escontrol information format with a se&CTUSspamesson t he
second conponent carrier. 2. The nethodsof claim11, further conprising
receiving a control channel on the second conponent carrier, the control
channel encoded with th i nformation f 3. The met hod of
claim 1, wherei A lerethadele %&%&#@W%W@D ligfrymerien fxpghePRRSS Alent
carrier argedeTs RIGRIRRNOFbwaRhE b&trol n?forrﬂéﬁf%nr(ﬁch))ﬂ)r&ﬁt GlrdhsMiked WHEr €i N
the first conponent carrier and the second conponent carrier are different

conponent @ahysiezlslownbink Togrolehirogl GIDCCH).m 1, wherein the contro
information format is configured to control downlink grants. 6. The nethod
of claimb5, wherein the control information format conprises at |east LTE

Rel-8 and Bel- 9 ToewWithdtoC@ilhr RlwHeRdiR B¥BdrbRealdidelindiEA6MB st Ibcatddlin th8, 1C,
1D, 2, 2A and 2B transmtted via a physical downlink control channel

(PDCCH) \AOe 20 MO OIPVBEPSHI YSPOIB/ 048521 45 8. The nethod of claim 7,
wherein the control information format conprises at |east LTE Rel-8 and
Rel-9 downlink control information (DCl) format O transmitted via a

physi cal daenl i Mheahdddf dtdianh evhetdthXisHross-QArricttidicasmio tbcateddh aisﬁbslat
wherein the cross-carrier indicator is not |Iqcated in the gne or

comon Sealoé Hequiglty, of upey-spepidicigaralb aPases pegisted Wikiebsgh of Hie nélﬂrégfé/ qfar rier
i ndi cat or ? %ﬁggﬂﬁﬁ a subset of the plurality of user-specific search
spaces aSSOCI a subset of the plurality of conmponent carriers.

11. The method of claim 1, wherein the cross-carrier indicator is located in each of

the plurality of user-specific search spaces.

12. The method of claim 1, wherein the cross-carrier indicator is used for unicast

traffic and not used for broadcast traffic.

13.  The method of claim 1, wherein the cross-carrier indicator comprises a carrier

indicator field (CIF) consisting of three bits.

14.  The method of claim 13, wherein the CIF is located at a beginning of the control

information.

15.  The method of claim 13, wherein the CIF is user specific and comprises a

distinct value for each component carrier.

16.  The method of claim 13, wherein the CIF is component carrier specific and
values of the CIF for two or more component carriers comprise a same value if the
control information for the two or more component carriers are located on different

component carriers.

17.  The method of claim 1, wherein the plurality of search spaces comprises at least
one common search space and at least one user-specific search space, wherein the

common search space includes downlink control information (DCI) formats of two



11. The method of claim1l, wherein the cross-carrier indicator is |ocated
in each of the plurality of user-specific search spaces. 12. The nethod of
claim1l, wbhepsio32@38e cross-carrier indicator is used forCunisSc@so4gsenffic
and not used for broadcast traffic. 1346The nethod of claim 11, wherein the
cross-carrier indicator conprises a carrier indicator field (ClF)

consisting of three bits. 14. The nmethod of claim.13, wherein e CIFis
| ocat ed at TEeYismss W@tﬁﬁew GRRECT ARHEFRTS, AHkBE HIRT1SBECITIC §erchiipaceBCges of ¢l ai m

13, wher ei B of 8 IBRETwS Bidfetdnt Giz&NWitk QAP S8fafrdivwtetdif brod@bitfief O
each component carrier. 16. The nethod of claim 13, wherein the CIF is
conponent cantrdles crabadi foi gnigest trafflared codssicheicCedntfalis natenabledtnre conponent
carriers c%q%@jsg acsane value if the control information for the two or
more conportSaCEL Al da Gy B4 on di fferent conponent carriers. 17.
The nethod of claim1, wherein the plurality of search spaces conprises at

| east one common search space and at | east one user-specific search space,
wher ei n t hd 8conmihs measlagdeef digack wheetindheplasliy ofrarebApaces camprascrat icest (DOl )

formats of fwa m}QBn%Q&%ﬂ ?@%9%&&’&?%%%8%94@%@&%& S8 A L& GRbrchl #&S W t hout
carrier in |ca?ors, an € user-specific s ar ch spacg incl udes | formats
of at | eastcoinontichicRspate iSdlads adChfoe@kt dfer firsgdiccaito b Sarrish @idéjaror and a
cross-carrier control is enabled for unjcast traffic and cross-carrier

control is Dfdifornsiafadesand srconthons e ciar imdicalaranddhe pesr-spordficenagns. 18
The et hod 4pf .Gl al@s bCVIRhey Bf%tg\%%s;?'tdlv‘é éifferréhtQifzes's@ﬁfl%grrﬁepﬁﬁ?c%t&g”pr' ses at

| east one cgnnon searéﬁ space an east one user-specific sedrch space,
wher ei n t hevicormonss-earichcapat & dnabled deunicabiGlaffioambibotahalded fordtromicae wi t h
a carrier indicator and a DCl format of a second size without a carrier

i ndi cat or, "ZHE YREGEEMIGENS i ¢ search space includes DOl formats of at

| east two different sizes with carrier indicators, wherein cross-carrier
control is enabled for unicast traffic and not enabl ed for broadcast
traffic vid9car rlihemdtinati efatl@msl, whgein Teeplwistityof sodrck bgecry dompviseragioastt he
plurality of search sgaﬁes cqurise at | east ope common segrch ﬁgace and at
| east one GUEFULPRRISFTIEN SacF AR 8HETE ONG ST SPFFRFAED RS SRR M pace

i ncl udes DGbminfnnGRhgh 8pade\Wecl G dsTRTIERBEMSL 3EEvIMiTFRr @R kizELKith BstieAnalcaoand t he
user-specific search space includes DClI formats of at |least two different

si zes wi t h ap@iheuser-snegificareicl spaghdndndes QDsformets of erlcasowe different siaenhl ed f or
uni cast t r%%ith' cca{rq&qn&)l&ﬁggc%ﬁére}nrcq‘gis'-(%rrier%gnﬁrgﬂg ARECE, Qhi Sk f@t’amclaﬁldvmer ern
the plurality of Search spacés conprise at eastOne common searc space
and at | ea$toxdosst uafficc specific search space, wherein the commopn search
space includes a DCI format of a first size wwth a carrier indicator and a

DCl format of a second size without a carrier indicator, and the
user - speci HioC SeRLGILRRAGEILRCT, YaRTcih IR aniyoafm@{lég\é\afécgs ERhpri R at least
i ndi cators, wherein cross-carrier contr i s enabled Tor unicast traffic
and br oadcasat comafohiscarch space and at least one user-specific search space, wherein the
common search space includes a DCI format of a first size with a carrier indicator and a
DCI format of a second size without a carrier indicator, and the user-specific search

space includes two DCI formats with carrier indicators, wherein cross-carrier control is

enabled for unicast traffic and broadcast traffic.

21.  The method of claim 1, wherein the plurality of search spaces comprise at least
one common search space and at least one user-specific search space, wherein the
common search space includes DCI formats of three sizes, comprising DCI formats of
two sizes with carrier indicators and a DCI format of a third size without a carrier
indicator, and the user-specific search space includes DCI formats of at least two
different sizes with carrier indicators, wherein the method is backward compatible with

LTE Rel-8 broadcast traffic and unicast traffic.



21. The nmethod of claim1l, wherein the plurality of search spaces conprise
at | east one comon search space and at | east one user-specific search
space, whepeln/kssconmon search space includes DCl for maraisediookssee si zes,
conprising DCl formats of two sizes with7carrier indicators and a DCl
format of a third size wthout a carrier indicator, and the user-specific
search spa in¢gludes DCl_ farmats of at |east two djfferent sizes with
carrier I ndfcat S MR & Gtk shetHib i p&}lfﬁﬁ@k@féé?%@h SPASEY FHTRIG IAPTE
Rel-8 broadpastmhiodflstieh §de und 6a8hst bh@hdd-Specitiearch space, wherein the

2011/ 032035PCT/ US2010/ 048521 47 22. The ne?hod of claim1, wherein the
plurality ebmemarschrchppasesndadgpSlefoanats ehftur sizes, comnosing Eidhrnsgpate and at

| east one r-specific search,.space rein t co n search.space

el udes DAFTP RS o FEGF TSRES Sa TGy £ SRS SRR T RRE o

si zes W th caaick ilicatdi6li sba iRy SsePbisbclel sch@h RPdce iffludes TRCOMBEANBS & 1888 W t hout
carrier indicators, and the user specific search space includes DCl formats

of at | easttwpgTapitisies mithgasrs ingdieators avhqrein thayaictiad oy kackwhesk einipatihle net hod
s backvar g, Gorrpai ke LI WFRed-fidtaadhast traffic and unicast
traffic. . An apparéfus, conpri si ng: means for receiving a
plurality of conmponent carriers configured for a wireless comuni cation
device, the plurality of conponent carriers conprising a plurality of
search spadds cdHpIPaTaky. eRBPYNgor e common search spaces and a plurality

Of user-speci fi ‘Ene%ﬁﬁ&*}ec%ﬂgﬁﬁ 'pluralitg of eil%arlrigf %Bﬁfﬂiélge ao‘f}[a%?ei&s@r rier

i ndi cator configured to en e cross-carrier signaling r irst
conponent cammumicatiamdevice, the pheshisy dforontehentrdarriangcosngisiey a ploeality of
cross-carrier indicator is present in a control] information format carried
on a secondTEMPBRENTOUIIER"C B IAUE CHRMIR SSEER ATALET i HRIUFANE UgheT-ol

i nfor mat i oRpEQfiERlari dplic@; search space on the second conponent carrier

24. An apparatus, conprising: a processor; and a menory conpri sing
processor executadhefwodeitihgt croshremriexmdidatod coyfiguned foravells sorss-cawief i gur es

t he apparatus to: receive a pluraglity of conponent carriers
conf!guredSF@?&%%&f@éﬁg§§nggﬁﬁﬁﬁﬁgg’flﬁ device, the plurality of conponent
carriers conpri shdags forRletéidlnitywhéth&eas 6ldsSPaAEIESind RN isSprognOhes @ntidPr €
common search spaces and a plurality of user-specific search spaces;

S
receive a dhlogsatiaariormest carifidestiotcceshsarganent qaiasnbaskdor ppawsoeiation ek
signal i ng ftl?é’ co%ttfoi {n%rrr?a%rcm %}%{yt with'e defilch sﬁeﬂ:g on the second component carrier.

24.  An apparatus, comprising:

a processor; and

a memory comprising processor executable code that, when executed by the
processor, configures the apparatus to:

receive a plurality of component carriers configured for a wireless
communication device, the plurality of component carriers comprising a plurality of
search spaces comprising one or more common search spaces and a plurality of user-
specific search spaces;

receive a cross-carrier indicator configured to enable cross-carrier signaling for a
first component carrier; and

determine whether the cross-carrier indicator is present in a control information
format carried on a second component carrier, based on an association of the control

information format with a search space on the second component carrier.



determ ne whether the cross-carrier indicator is present in a control
information format carried on a second conponent carrier, based on an
associ at iwg 20f1/i3escontrol information format with a se&CTUSspamesson t he
second component carrier. WD 2011/032038%PCT/ US2010/ 048521 48 25. The
apparatus of claim 24, further configured to receive a control channel on
t he second conpopent carrier, t optrol _.channel encoded with the control
| nf or mat | 03 of M APPFLUS ?ﬁ%la% Eirfgﬁtﬂ%f ORTIBYISS 1 TPACVG AGPRFY| 41?1@4] ph &
conponent  GalgndbnBAr RErE GRNCHEPIRIRRRBILreAddd With MeQ@ohisl iffMBaGsHTPONENt
carrier. 27. The apparatus of claim 24, wherein the first conponent

carri er andomim¢. second conponent carrier are different conponent carriers.
28. The apparatus of claim 24, wherein the control information format is
configured to control downlink grants. 29. The apparatus of claim 24,

wher ei n t hegcontimelappath@k GREIRN 24 O iR in GRREst 8@fpdten! @@8ér dndEhdRREoR and
Rel-9 downlink control information (DCl) formats 1, 1A 1B, 1C, 1D, 2, 2A

and 2B tr asempoR cyirigr arcphy/simcatongonanticdkictont rol channel (PDCCH).  30.
The apparatus of claim 24, wherein the control information format is
configured to control uplink grants. 31. The apparatus of claim 30,

wher ei n t he7contThelapparhias obtlam 24,00me@einceniirst s@tpaicn! @asér dndEhRetedd and
Rel-9 downlink control information (DCl) format O transmitted via a

physi cal dSRRIPPRRAt EHHET e dfhRMaoMpPEpERtiqRriers2. The apparatus of clai m 24,
wherein the cross-carrier indicator is not |located in the one or nore
common search spaces. 33. The apparatus of claim 24, wherein the
cross-carri28r i fAticappaontus of tlamafédvharcia tadameol offorniatiop fenalt istopnfifured

user-specific search spaces associated wth a subset of the plurality of
conmponent dAFPY downlink grants.

29.  The apparatus of claim 24, wherein the control information format comprises at
least LTE Rel-8 and Rel-9 downlink control information (DCI) formats 1, 1A, 1B, 1C,
1D, 2, 2A and 2B transmitted via a physical downlink control channel (PDCCH).

30. The apparatus of claim 24, wherein the control information format is configured

to control uplink grants.

31.  The apparatus of claim 30, wherein the control information format comprises at
least LTE Rel-8 and Rel-9 downlink control information (DCI) format 0 transmitted via
a physical downlink control channel (PDCCH).

32. The apparatus of claim 24, wherein the cross-carrier indicator is not located in

the one or more common search spaces.

33. The apparatus of claim 24, wherein the cross-carrier indicator is located in a
subset of the plurality of user-specific search spaces associated with a subset of the

plurality of component carriers.

34, The apparatus of claim 24, wherein the cross-carrier indicator is located in each

of the plurality of user-specific search spaces.



WD 2011/ 032035PCT/ US2010/ 048521 49 35. The apparatus of claim 24, wherein
the cross-carrier indicator is used for unicast traffic and not used for

br oadcastwoOnrafifi3ee3s 36. The apparatus of cl aim 24, wher @Ch/uSk@0/048521
cross-carrier indicator conprises a cardper indicator field (CF)
consisting of three bits. 37. The apparatus of claim 36, wherein the CIF
is located _at a_begi nnin f the control informatiaon.. 38, The_ apparatus of
claim 36, wher ei@egﬁ%araugofgl% & Wi thecraRcadrriPisysr i WL Rl e
for each coRPONERtndALdd BF broadst thgcapparatus of claim 36, wherein the CIF
is conmponent carrier specific and values of the CIF for two or nore
conponent carriers conprise a sane value if the control information for the

two or norggco nent carh¥§r§ e | ocated on ditfergnt conponent carriers.

40. The app8rat usCPPYRYP m G AR E SRS S BT RT EPANLE Acl udes
downl i nk cQRtriePindiddk@Mdd [©F) téXststink OF Réshif two different sizes without
carrier indicators, and the user-specific search space includes DCl formats
of at least two different sizes with carrier indicators, wherein
Cross-carrier caontr i f i tr el Sgarrier
control is3ﬁbt g%ﬁ@ﬁéﬁﬁi%gﬁgg%g gﬁ@%ﬂggéﬁfég;§#§%%§f¥%2§g@%%L55?%?5. 41.
The appar atcustr@ifinfor@ntione4, wherein the common search space includes a DCl
format of a first size with a carrier indicator and a DCl format of a
second size without a carrier indicator, and the user-specific search space

includes DGy fOrT’I@taﬁg%tu@tofklﬁﬁﬁ%}%ﬁ’er&hft eeégnfs u§%rlzs§gci Otraﬁ‘d &%%ﬂis%& a

i ndi cators, wherein cross-carrier control I's ena uni cast traffic
and not enaltiact fabue for cadicastpohemtfchirervi a carrier indicators. 42. The
apparatus of claim 24, wherein the commopn search space includes DCl fornmats
of two different sizes with carrier indicators and the user-specific search

space includes BG fp4BRE of OhindBo, wRSEintMOCH &ic8RBBACHS cA8Rr YickificGaur | er
i ndi cators, wherein cross-carrier control is enabled for unicast traffic

and br oadcastues phthe (dF foni@o2@ 11910 3CORGROT L AIS26 LONP4i8S 2 $arBOvalydif ththe
apparatus of cl.aim 24, erei.n the common search space inclu a ,DC

P or SopfodbRufion i IR o Frf CP R B BT SR AR e pi iR S
second si zeoMipbh@a@icgarri er indicator, and the user-specific search space
i ncl udes two | formats with carrier indicators, wherein cross-carrier
control is enabled for unicast traffic and broadcast traffic.

40.  The apparatus of claim 24, wherein the common search space includes downlink
control information (DCI) formats of two different sizes without carrier indicators, and
the user-specific search space includes DCI formats of at least two different sizes with
carrier indicators, wherein cross-carrier control is enabled for unicast traffic and cross-

carrier control is not enabled for broadcast traffic via carrier indicators.

41.  The apparatus of claim 24, wherein the common search space includes a DCI
format of a first size with a carrier indicator and a DCI format of a second size without a
carrier indicator, and the user-specific search space includes DCI formats of at least two
different sizes with carrier indicators, wherein cross-carrier control is enabled for

unicast traffic and not enabled for broadcast traffic via carrier indicators.

42.  The apparatus of claim 24, wherein the common search space includes DCI
formats of two different sizes with carrier indicators and the user-specific search space
includes DCI formats of at least two different sizes with carrier indicators, wherein

cross-carrier control is enabled for unicast traffic and broadcast traffic.



44. The apparatus of claim 24, wherein the comon search space includes DC
formats of three sizes, conprising DCI formats of two sizes with carrier
i ndi cat orwo2nt/e2@€! format of a third size without a c&CTitsSeon0dsseat or
and the user-specific search space inclgdes DCI formats of at |east two
different sizes with carrier indicators, wherein the nethod is backward

conpatible wth | TE Rel-8 hroadcast traffic and unicast traffic. 5. The
appar at us 4P oI APmepnarain el BRI eV hesrifde SuapensEpieRerBeldest BEl f or mat s

of four sizgSnat &PWHEdt SIBNAE cARETRECADr nd 4 DBY fE¥WRt 8T £ &R oMi §iDe GAMLLES
indicators and DCl formats of a second two sizes wthout carrier

i ndi cat or s caared itdha@tarsard thpesdrfspecifesgacth sppacmciuded trdeRCDEIrmtrwigh s of at
| east two differenttsiaﬁf with carrier in icatB%a, mhere{nﬂihe met hod is
backward ¢SS IS AP TR CRST 8IS SAUAL® fOrUnieRst UHTE48Y traffic.
46. A conpisddcidt egffyn product, enbodied on a non-transitory conputer
readabl e storage nedi um conpri sing: program code for receiving a
plurality of component carriers configured for a wi reless conmunication
device, thg,pl urﬁllelai)éarg‘gus 6P ORAN SR L ALK R SongRBRS a%éh”sg)a& L [9\94 bbg( of
search spaces conpritsing oné or “nmore commbh search spaces and a plurality
of user - spéeinidtCoSakGlivespaaRsising DCI fophag bt € Sae Wit caraceindich@rvand a

cross-carrier indicator configured to enable cross-carrier_signaling for a
first conpdierormaafiadhird siggwithout a gardeyindicaterand i weteicrilisisRychpRACher t he

cross-carr gl d B EAbRhatk S AIEXKEREo Hiffrcfort ODES Qlih LA Rl R)?%f\ﬁfef@ﬁ giearried

on a second conponent carrier, based on an association of the control

i nf or mat i omdtlodiabaviivwdrd aompaitdh withdClEE Rel-§ headestmaficampomendt teffia.i er. WO
2011/ 032035PCT/ US2010/ 048521 51 47. A method, conpri sing:

transmtting a plurality of conponent carriers configured for a wirel ess

conmuni cat is@n devicaBparhii§ oPLMIRbA IWhQEin GRRANBHE sGBAEH dpaESInERIBY D8I NG a
plurality of search spaces conprising one or nore comon search spaces and

a plural it yomfatugielouspessi famaprseeg DR sprawesft a frsdtwo sizes witkapanict indiegtoss
cross-carrier Jdicator.configured to enable .cross-carri signali.ng for a
i ret compambRCTaaFRShr SRFobERET St el AAGa R, o Idistrpe e
Cross- carrisedrch Eyshice aicides HAIBSRNS of 41 [EREveOdifeRht sidsaritédrasr haichmts,
carried on a second coqﬁgnent carrier, based on an association of the

P

control i nMdichae thermetbedristbagkwirdgoswatibl vaihde EE Bal- heoadeasp Hafficswponent
carrier. %QMa%QSﬁ thod of claim47, further conprising transmtting a
control channe ‘he second conponent carrier, the control channel
encoded with the control information format. 49. The nethod of claim 47,
wherein the first conponent carrier and the second conponent carrjer are
t he sanme Célﬁ-ponéqgore%}%t?r' rgpgram product, embodied on a non-transitory computer readable
storage medium, comprising;:
program code for receiving a plurality of component carriers configured for a
wireless communication device, the plurality of component carriers comprising a
plurality of search spaces comprising one or more common scarch spaces and a plurality
of user-specific search spaces;
program code for receiving a cross-carrier indicator configured to enable cross-
carrier signaling for a first component carrier; and
program code for determining whether the cross-carrier indicator is present in a
control information format carried on a second component carrier, based on an

association of the control information format with a search space on the second

component carrier.



50. The nethod of claim47, wherein the first conponent carrier and the
second conponent carrier are different conponent carriers. 51. The nethod
of cl ai mwd208e@s5n the control information format i s ®CMUSgUOAERSRD
control downlink grants. 52. The nethodiof claimb51, wherein the control
information format conprises at |east LTE Rel-8 and Rel-9 downlink control
informatio(r% (DCII#g< fg}rqgats 1, 1A, 1B, 1C, 1D, 2, 2A and 2B transnitted via a
physi cal d&vinl i RkTEBREr AMRIKYERel (PDCCH). 53. The method of clai m 47,

wherein the contfQlmiti é?ﬁ?dl@@ofwn%nehﬁcaﬁ@é}ﬁ baHTgReed Br §NHJIQL upl i nk
grants. 54. The nethod of claim 53, wherein the control information format

conpri ses abpmineastatibl BeRed {18 pindiliRedt @ngoneiti cakiccoenmpisingd pluraity oh ( DCl )
format O transmtted via.a physical downlink C@nt rol charinell.t)é\ﬁPfDCCH). WO
2011/ 032035FET) UESELE GYEELIOTE P MREC CERTORSPHEY SR TR 7RSI n ¢ he

Cross-carr isgécifilHatd Phcdssafot | ocated in the one or nore comon search
spaces. 56. The nethod of claim47, wherein the cross-carrier indicator is
| ocated in a subgasmpfing heropi-earery ngicator pefsusqsioicnpllc seas-crispseealing

associ at ed f gﬁrsﬁcﬁrﬁﬁin%%t 9Jrri%r@%d% g{o%li(ietay de?érm(ﬁ? 8%?@%6&1%” ieecﬁrg 'S-C g?e‘r The
met hod of claim4v7, erein The crbss-Carrier indicator 1's ocated in each
of the pl un@ditdtyr i9prdsstrin siRa@hfroCinf@Matibn fpaacsarricddn a Stvendebmpoheat cl ai m
47, wherein the cross-carrier _indicator is used for unicast traffic and not

used for brraEEdescd e dssociating ofthecepsiohBorsration prmat withiherghipageen
cross-carri I.ndi :1.ses a carrier indicator field (CIF)

S-Carr il sl &@JEE}H O 1 ( . .
consisting o Stcﬁ'?dee tnse. .r The nmet hod of claim59, wherein the CIF is
| ocated at a begi nning of the control information.

48.  The method of claim 47, further comprising transmitting a control channel on
the second component carrier, the control channel encoded with the control information

format.

49.  The method of claim 47, wherein the first component carrier and the second

component carrier are the same component carrier.

50.  The method of claim 47, wherein the first component carrier and the second

component carrier are different component carriers.

51.  The method of claim 47, wherein the control information format is configured to

control downlink grants.

52.  The method of claim 51, wherein the control information format comprises at
least LTE Rel-8 and Rel-9 downlink control information (DCI) formats 1, 1A, 1B, 1C,
1D, 2, 2A and 2B transmitted via a physical downlink control channel (PDCCH).

53.  The method of claim 47, wherein the control information format is configured to

control uplink grants.

54.  The method of claim 53, wherein the control information format comprises at
least LTE Rel-8 and Rel-9 downlink control information (DCI) format 0 transmitted via
a physical downlink control channel (PDCCH).



61. The nethod of claimb59, wherein the CIF is user specific and conprises
a distinct value for each conponent carrier. 62. The nethod of claim59,
wher ei n tWe 2€1m3e@sconponent carrier specific and val ue®Cofuseée/o0@se1 f or two
or nore conponent carriers conprise a sape value if the control information
for the two or nore conponent carriers are |ocated on different conponent
carriers. 3. e met hod. of. claim47, wherein the conmmn search, space

“cl udes” ddani Hﬂieé%%lengqf q?%%ﬁﬁﬁew E%éF?SSTCGW?ﬁﬂ@“E?FOTtl&BOﬁP‘F?ft%dr BrEe oi zes
Wi t hout calghk 8f moRALFrAhOR Sear@NPatdle user-specific search space includes DC

formats of at least two different sizes with carrier indicators, wherein
cross-carrier control is enabled for unicast traffic and cross-carrier

control is not abl or .bropdcast .traffic via carrier. ndicators. . WO
5011/ 032038BcT/ LRGeSt el SERteif R s bl it ICALT St e
conmon  sealgkheSRaa sty dTalstidgcificedrch G5a¥ed aRbcided Withta stibg® oMHehl@aB@Tdfi er

i ndicator and a DCI format of a second size without a carrier indicator,
and the usépPmypeitLuEICEear ch space i ncludes DCI formats of at |east two
different sizes with carrier indicators, wherein cross-carrier control is
enabl ed for unicast traffic and not enabl ed for broadcast traffic via
carrier indi7cat dhs.methdd of dtadmER, ddroin thelcadssicdnficr Wikdagortis tdeeted drsah ofear ch
space includes DCl formats of two different sizes with carrier indicators
and the usdhc RIpedity plcussesnceHicssaich sPaés-udes DCI formats of at |east two
different sizes with carrier indicators, wherein cross-carrier control is
enabl ed for unicast traffic and broadcast traffic. 66. The nethod of claim
47, wher ei 38t he Thommoinodaaram £hH aderdimthewdess-carrCindicitords uafl far dnicst si ze
wth a carrigtj:él i ndi cat or agd a DCI%fformat of a second size without a
carrier i ndieHig gid notyeed for bipedeastwaffics ¢ search space includes two DC
formats with carrier indicators, wherein cross-carrier control is enabled
for unicast traffic and broadcast traffic. 67. The nethod of claimA47,
wher ei n t hé9conmhiie nsetiardcdl dpacd, iwhetainlths cBEs-churaratdcatdr cohpeigcsd gaaer
conprising.DCl fo f two.sizes with carrier indicators and a DCl
format of & lﬁa}t?rdtzleg?g@@%?ﬁﬁﬁpgé%?g?%]& i ndi cator, and the user-specific
search space includes DCI formats of at least two different sizes with
carrier indicators, wherein the nethod is backward conpatible with LTE
Rel- 8 broad®ast Theangthed efrideioni% aderain HRGIE is loggted Thebeginniag obthe cpatireh 47,
wher ei n the}w& search space includes DCl formats of four sizes,
conpri si ng orfmat of a first two sizes with carrier indicators and DCl
formats of a second two sizes without carrier indicators, and the user
specific search _space includes DCl fornmats of at Iea;t two different sizes

with carri & i ndibsahed of ghaipet%h wheestnierdE it usep PdOMPEFDr e With LTE
Rel- 8 broa(a%ﬁgt\;arh@gffo'}gaéﬁr}%n&gk&ﬁ%@eg‘affi c. 69. An apparatus, conprising:
ura

nmeans for transmtting a p Ity of conponent carriers configured for a
Wi rel ess conmmuni cation device, the plurality of conponent carriers

conprisin . . . . .

P g 63. The method of claim 59, wherein the CIF is component carrier specific and
values of the CIF for two or more component carriers comprise a same value if the
control information for the two or more component carriers are located on different

component carriers.

63.  The method of claim 47, wherein the common search space includes downlink
control information (DCI) formats of two different sizes without carrier indicators, and
the user-specific search space includes DCI formats of at least two different sizes with
carrier indicators, wherein cross-carrier control is enabled for unicast traffic and cross-

carrier control is not enabled for broadcast traffic via carrier indicators.



WO 2011/ 032035PCT/ US2010/ 048521 54 plurality of search spaces conprising
one or nore commopn search spaces and a plurality of user-specific search
spaces; &m0 2011/03203%eans for transmitting a cross-carri ePCrAdREaness21
configured to enable cross-carrier signaging for a first conponent carrier
and to provide a deternination of whether the cross-carrier indicator is
format carried on a seco d co ent

present in roI mat i
carrier, a@?e glfh %{ﬁlﬁm n “ereih the CoRMQ sepich sParsHN GRS G with a

sear ch spagg 0 of Ié{'?irsst 5% Q\chc@émﬁ&i%ﬁ&w%f 5L DCI fOmafBf RRRBAALMS without a
conprising: a processor; and a Menmory comprising processor executabl e

code t hat, cwhennEM@@utadhbyumhapgnﬁces&@rﬂmgammh@a$E§Iﬁhewapﬁém&maswpo
transmt a I|t

d \mﬁl n% car &e{s conf%%yre fore | ess
communi cat (ORI HETAT drds A0 e B ORI SPRTAr BB g a
plurality thioigafaqrhc BIRPER SnEEPTIr Draldc R Baflc IR EAriEOMARAtoSEAr Ch spaces and
a plurality of user-specific search spaces; and transmt a

cross-carrier indicator configured to enable cross-carrier signaling for a

first compagent anLigls AdborPIACdFyR RLSLIIRNLENImhElEr the

Ccross-carrier 1ndlca In a contr mat 1 on OI'ITB.t carried

on a secondogeponentdiffatni gfes Wwidsedri@rindidateswnd itied isensicifidactnpidce!
information format with a search space on the second conponent carrier.

71. The appegiudesd Grfornas af #tdeast fiye didlerab pizegvit gartigr dicatoge WAcEdmt r ol
channel on fQig SELOBEhEATPARBRY GAYTEAS wafidGnd SRkOly fldne! _encoded wi th

the control i1 nformation e apparatus o aim 70, wherein the
first conponent carrier and the second conponent carrier are the sane

conmponent carrier. 73. The apparatus of claim 70, wherm
component &hr 1 die s SuBOHA st Mssonei aich speeanikdrartEonponent
carriers. Q2011493203300 LEO1R4R4BPLA a DCI format of a second size without a
carrier indicator, and the user-specific search space includes two DCI formats with
carrier indicators, wherein cross-carrier control is enabled for unicast traffic and

broadcast traffic.

67.  The method of claim 47, wherein the common search space includes DCI
formats of three sizes, comprising DCI formats of two sizes with carrier indicators and a
DCI format of a third size without a carrier indicator, and the user-specific search space
includes DCI formats of at least two different sizes with carrier indicators, wherein the

method is backward compatible with LTE Rel-8 broadcast traffic and unicast traffic.

68.  The method of claim 47, wherein the common search space includes DCI
formats of four sizes, comprising DCI format of a first two sizes with carrier indicators
and DCI formats of a second two sizes without carrier indicators, and the user specific
search space includes DCI formats of at least two different sizes with carrier indicators,
wherein the method is backward compatible with LTE Rel-8 broadcast traffic and

unicast traffic.

69.  An apparatus, comprising:
means for transmitting a plurality of component carriers configured for a

wireless communication device, the plurality of component carriers comprising a



55 75. The apparatus of claim 70, wherein the control information format
conprises at least LTE Rel-8 and Rel-9 downlink control information (DCl)
formats IWODRM1/BBI351C, 1D, 2, 2A and 2B transmtted vi arPaTlsgsionads2downl i nk
control channel (PDCCH). 76. The apparatus of claim 70, wherein the
control information format is configured to control uplink grants. 77. The

apparatus of claim 76, wherein the control information format conpri.ses at
| east LTE ﬁi‘%ﬂlﬁy e4Eh SR CHARIT DSBS OF Blors ﬁqramﬁawaah ¥8eFS) andgy liahty

transm ttegryid-speRNY sdaed spdonhak control channel (PDCCH). 78. The
apparatus of claim 70, wherein the cross-carrier indicator is not |ocated

in the one or norensmMENsEEEChcwpacascr ind@atoT henfappat tatcnsblofrass-ai m 70,
wherein the cross-carrier .indicator is |ocated in,a bset of t lurality
of user - spaier seuddiehee pad b SRS First R E s bp B Bind S 1) o
conponent g éroQL Guricr8AdicdibeisR@ahEih dofiroCh firMatiéh forhet @irfled H€a second
cross-carrier indicator is located in each of the plurality of

user - speci fcPEmpeet 6#TiSH Detss on rassopigdionmy dicsgonrobmiermgtion fomapwethai n t he
cross-carri i ndi ' e I cast traffic and not used for
br oadcast f?%?#%%@8%gg%ﬂ%%g%gﬁgg%g?ﬂgﬁgﬁﬁbIain170, wherein the
cross-carrier indicator conprises a carrier indicator field (ClF)
consisting of three bits. 83. The apparatus of claim82, wherein the CF
is located /8t a/BeYIPAfilHyCYPPENRR control information. 84. The apparatus of
claim 82, wherein, the (IFEqis user specific and conprises a distinct value
for each conponert carrier. WD 2011/032035PCT/ US2010/ 048521 56

a memory comprising processor executable code that, when executed by the

processor, configures the apparatus to:

transmit a plurality of component carriers configured for a wireless
communication device, the plurality of component carriers comprising a plurality of
search spaces comprising one or more common search spaces and a plurality of user-
specific search spaces; and

transmit a cross-carrier indicator configured to enable cross-carrier signaling for
a first component carrier and to provide a determination of whether the cross-carrier
indicator is present in a control information format carried on a second component
carrier, based on an association of the control information format with a search space on

the second component carrier.

71. The apparatus of claim 70, further configured to receive a control channel on the
second component carrier, the control channel encoded with the control information

format.

72.  The apparatus of claim 70, wherein the first component carrier and the second

component carrier are the same component carrier.

73. The apparatus of claim 70, wherein the first component carrier and the second

component carrier are different component carriers.

74. The apparatus of claim 70, wherein the control information format is configured

to control downlink grants.



85. The apparatus of claim 82, wherein the CIF is conponent carrier
specific and values of the CIF for two or nore conponent carriers conprise
a same vaw0oeoifo3edsé control information for the two or ROTASCaEssent
carriers are |ocated on different conpopgnt carrier. 86. The apparatus of
claim 70, wherein the common search space includes downlink contro
infornatiog (DCI fornatsgg drfferent srzes mnthout carrier .

i ndi cat ors,/2and HR@PPAANS Mléarleﬁ sepatel Infmagien fesatat POPRELSS bt at

| east two @&mf@fﬁ@&l%@B@%ﬁW@HBw%ﬁﬁEb&ﬁnﬂﬂﬁbﬁ@hﬁ&%D(%&Eﬁﬁk@]Cﬁ@S?BCﬁfr'er
control is enabled for unicast traffic and cross-carrier control i1s not

enabl ed f orlDh2o2tiead £Bttraadmittsdwiiaa physidagdownldikcamookchangdl. (PDRE Bppar at us of
claim 70, wherein the commopn search space includes a DCl format of a first
size with a carrier indicator and a DCl format of a second size wthout a
carrier indgcat gmea ?ﬁﬁmﬁ@@f@ﬁﬁﬁ76Rﬂ%k&h@h&&ﬁh@hm@ﬂ@%@oh@ﬁhﬁ@%&d@ﬁkm%@r”Hts
of at least two different sizes with carrier indicators, wherein

cross- car r iteeotmhuplnk grgnisnabl ed for unicast traffic and not enabl ed for
broadcast traffic via carrier indicators. 88. The apparatus of claim 70,
wherein the common search space includes DCI formats of two different sizes
with carrign. i ndiheapparrsmacdclhﬂe 76.seticrsipeled ¢dntrob B RtutidP dGenat dehpides abCl
formats of at | east two different. sizes with carrier indicators, mherern

cross- car r et EBRRe and Rehsowalinl poniral anfermationr PICY) format) Bartsited Yieaf f i c.

89 The ap , common search space includes a
fornatQ§%§&E%f@§?ﬁg?zgﬁﬁﬁf Mﬂ%f@?ﬂ?gg?rndrcator and a DCI format of a

second size without a carrier indicator, and the user-specific search space

|ncludes t formats th. carrier |nd|cators wher ei n. cross-carri er
et ro S & B o T P B P i 2D e ARy s n e gt o T ocaiga inrhe

apparatus Qe GrleddrMoi® coiRnakiich Bpace@mmon search space includes DCl formats
of three sizes, conprising DCl formats of two sizes with carrier indicators
and a DOl format of a third size mﬁthout a carrier indicator and the
user - speci f,c search sgace |pc ; aa east t di fferent
sizes with 'carri 4PRYi génggnn é?%?ﬁn W3mﬂ§iﬁﬁﬁﬂ“glﬁg8kﬁé? oﬁﬁatrble
with LTE Redbdt 6f t@@?ﬁﬁlﬁit vof adrispecifélsdardiCapatestak @lcfat&d with\@subset of the

2011/ 032035PCT/ US2010/ 048521 57 91. The apparatus of claim 70, wherein the
common seaPtialifyé eompenapdeyTies) formats of four sizes, conprising DO
format of a first two sizes with carrier indicators and DCl formats of a
second two sizes without carrier indicators, and the user specific search
space incl des MGk apparamt of cthinal0 | elgstintthocrdsd-daeriarnndisitoes [vdatdl iaanch er

i ndi cators, wherein the nmethod is backward conpatible with LTE Rel-8
broadcast tof #rrnleraliyceluseicspseifiossgrel spacenn A conput er program product,
enbodi ed on a non-transitory computer readabl e storage medi um conprising:
program code for transmtting a plurality of conponent carriers configured
for a wir el8éss dwerapparetas obolathe V0 cehertinehgpérassadartisr iodicatonpanehfor wmarcaster s
conpri si ng a luralit ;% ear.ch s ces conprising one or nobre conmon

sear ch spa@@ 2\ 99%#%9 Fﬁ??dﬁ? G -specific search spaces; and

program code for transmtting a cross-carrier indicator configured to
enabl e cross-carrier signaling for a first conponent carrier; and to
provide a @éterﬂmnapp@ﬁmeﬁfWhemﬁ@ﬂwmmenéh@@g&t@rmmenmpﬁdr@am@mwsg present
in a contral infor. I second conponent carri er,

based on ari® %s§85?%€13%m%; 1P$8f9Fﬁ$%fnation format with a search
space on the second conponent carr|er. 93. A nethod, conprising:

83.  The apparatus of claim 82, wherein the CIF is located at a beginning of the

control information.

84.  The apparatus of claim 82, wherein the CIF is user specific and comprises a

distinct value for each component carrier.



formatting control information, in a control channel of a comunications
carrier, with a cross-carrier control indicator; and scranbling the
control iwDapnaBR@GA With a scranbling code, wherein thePstrsatoiosgF2code i s
sel ected based on a format of the contréb information and a | ocation of the
control information within a plurality of search spaces in the contro

channel . . The method of claim93, wherein the plurality of. search
spaces in ?Sﬁe cOMERBPAIRHS A %lﬁlr%éﬂ]pwhl%@g the §1PE#S&PW9H%1F C%@? SREFE e search

spaces and \ajRl Bf @bicy O twoQFRIte $6RPGn® PARBS comprise 4 MndBiifog pf claim
94, wherein: a first plurality of control information formats is

associ at ed coitrdl ipfofinatsan ©¢ thertbloiargnaro dempereent praripisaralocatyd of ddtamerdn sear ch
spaces, and WO 2011/.032035PCT/ US2010/ 048521 58 a second plurality of
control i nfBPRBETO*'Sknats, including the first plurality of control
information formats, is associated with a second scranbling code and the
plurality of user-specific search spaces, wherein the second scranbling
code is di fPer erdthefapparptuhef ¢liais 70 seheeip thaepramee scargdespage wetudegdownlink

COMPr1 SING:control inforfat Cnh 15@1) ?01'81&!!:‘3&%J ] %ydif%regt%eg Q 1&18%&? &ﬁ]iiérqn$c§t8&t 519(! .
channel of ‘a conmuni cations’ carrier tor scrambled control information
bl i nd- decodh¢gset-BeecifidyeatchtspacefindedssdCEpanas obht lBasd tpd diftdrédt ¥ize with
descranbl i ng codes to extract the control information; and

det er m ni ngaEichLldeiRIs WHerain cresssaiEigr pourol dorppblst fordiicast Brffisgadarassr a

format of : - 4 0f | ] of - ntrol information
in the p|uﬁgﬁF%g&%ﬁﬁ?E%?gﬁ&ggggggﬁ%ﬂg?gnﬁﬁgaﬁ%?ﬂggg%@ﬂ§F§?n196, wherein the
plurality of search spaces in the control channel conprises a plurality of

cormon s ear8c7.h 3 p[%%eals)pggt%s %f Qllallilrrl %,i \:E/Hel‘gi];l tllljes Cegn-ll’?lgg (s:eia];cihcsp%ceea {n%ﬂldgsp a? B%i '
format of a first size with a carrier indicator and a DCI format of a second size without a
carrier indicator, and the user-specific search space includes DCI formats of at least two
different sizes with carrier indicators, wherein cross-carrier control is enabled for

unicast traffic and not enabled for broadcast traffic via carrier indicators.

88.  The apparatus of claim 70, wherein the common search space includes DCI
formats of two different sizes with carrier indicators and the user-specific search space
includes DCI formats of at least two different sizes with carrier indicators, wherein

cross-carrier control is enabled for unicast traffic and broadcast traffic.

89.  The apparatus of claim 70, wherein the common search space includes a DCI
format of a first size with a carrier indicator and a DCI format of a second size without a
carrier indicator, and the user-specific search space includes two DCI formats with
carrier indicators, wherein cross-carrier control is enabled for unicast traffic and

broadcast traffic.

90.  The apparatus of claim 70, wherein the common search space includes DCI
formats of three sizes, comprising DCI formats of two sizes with carrier indicators and a
DCI format of a third size without a carrier indicator, and the user-specific search space
includes DCI formats of at least two different sizes with carrier indicators, wherein the

method is backward compatible with LTE Rel-8 broadcast traffic and unicast traffic.



98. The nethod of claim97, wherein: a first plurality of control
information formats is associated with a first descranbling code and the

pl ural it ywof20tiaseess search spaces, and a second plearalseeip/ogds2tontro
information formats, including the firsts7plurality of control information
formats, is associated wth a second descranbling code and the plurality of

user-speC|f|c search space ei n the second des ranbljn
different Prom t aPP?E g%@?% PV%ﬁm€6@%“”m§9n59¥F ﬁgﬁpr|5|ng
a processorfyrmdidof four siz&, BRARInEDIP HrilahOf PIRE RS QQese@fﬁ? Elérﬁpll ﬁdﬁ%?s that,

when executed by the processor, configures the apparatus to: f or mat
cont rol i nfaod MXiliformat$ af asccond tvod siedsanithelut ofrrigr mdmmm, ond thonsccspeeiifier, with

a cross-carri contr 2035P /U8201 / 048521 59
or anbt e ¢ REMEDRoeRe PR CR feps R HFoRL S ae ™ SRErORTE
scranbl i ng vaReen ki HeheEisafdclors@toipafiblt Mt TR 1B Brdudbdsk hfficnihar mat i on
and a location of the control information within a plurality of search

spaces in tuhwasidri®l channel. 100. The apparatus of claim 99, wherein the
plurality of search spaces in the control channel conprises a plurality of
user-specific search spaces and a plurality of common search spaces. 101

The net hod 9af clAatdm@er progiagi product, embadlidd drsd ngH-tradlitotyycopbput@ntadable
information formats is associated with a first scranbling code and the
plurality &forgsieHuBeedenisiihces, and

program code for transmitting a plurality of component carriers configured for a
wireless communication device, the plurality of component carriers comprising a
plurality of search spaces comprising one or more common search spaces and a plurality
of user-specific search spaces; and

program code for transmitting a cross-carrier indicator configured to enable
cross-carrier signaling for a first component carrier; and to provide a determination of
whether the cross-carrier indicator is present in a control information format carried on a
second component carrier, based on an association of the control information format

with a search space on the second component carrier.

93. A method, comprising:

formatting control information, in a control channel of a communications carrier,
with a cross-carrier control indicator; and

scrambling the control information with a scrambling code, wherein the
scrambling code is selected based on a format of the control information and a location

of the control information within a plurality of search spaces in the control channel.

94.  The method of claim 93, wherein the plurality of search spaces in the control
channel comprises a plurality of user-specific search spaces and a plurality of common

search spaces.

95. The method of claim 94, wherein:
a first plurality of control information formats is associated with a first

scrambling code and the plurality of common search spaces, and



a second plurality of control information formats, including the first
plurality of control information formats, is associated with a second
scranbl i yocoden3asd the plurality of user-specific sear ®aTASacies485aher ei n
t he second scranbling code is differents§romthe first scranbling code.
102. An appar at us, conprising a processor; and a menmory conprising
processor executabl e c

e .t hat en_execut ed the pro sor onf |.gures
the apparatus td:sccondp urgléfézr woa |1 fosmptign glrmg%alpelwdﬁnﬁéﬁ%ﬁr# Hluaéﬁ%ﬁ r ol

channel of BnEATHIYANERS] PRSaGAE hiBEialArwiBts 3BLE chﬁr%flﬁg)éode %8 "tHBat i on;
bl i nd-decode the plurality of search spaces with a plural

descr anbl i miureloiged usa-spreifiastartthspacesnivhotein th seqoatl iscrambéng code 1s diffeerdr mi ne
a presence of GrOSs- ¢ rrler control indicator based on a format of the
control i Pﬁ&F g &g émg58g?|on of the control information in the
plurality of search spaces. 103. The apparatus of claim 102, wherein the
plurality of search spaces in the control channel conprises a plurality of
common seaPéh sﬁh@@ﬁwéWﬁﬂwqﬂmﬁallty of user-specific search spaces. WO

2011/ 03203PCT/ USZOKAL Q4532 O T, AR F o8l P ARl o1

a first plurali orna Ion Tormats 1S associ a rst
descranbllmgnﬁﬁﬁﬁwﬁﬂwmmé&xmﬁﬁﬂﬁﬂbﬂmwnoﬁ common sear ch spaces, and a
second pIuraIit%%of control information fornats, |nclud|%§ the first
plurality of comtipgidesaking thapiuality Of seareh snagesaxithhe phrddy of descerndlivgnd

descranblin d&gg%ngggﬂ&ﬂ§m>gp@ghgﬁ¥?gnlﬁser specific search spaces, wherein

t he second escra I ng co erent fromthe first descranbling code.
determining a presence of a cross-carrier control indicator based on a format of

the control information and a location of the control information in the plurality of

search spaces.

97.  The method of claim 96, wherein the plurality of search spaces in the control
channel comprises a plurality of common search spaces and a plurality of user-specific

search spaces.

98. The method of claim 97, wherein:

a first plurality of control information formats is associated with a first
descrambling code and the plurality of common search spaces, and

a second plurality of control information formats, including the first plurality of
control information formats, is associated with a second descrambling code and the
plurality of user-specific search spaces, wherein the second descrambling code is

different from the first descrambling code.

99.  An apparatus, comprising:

a processor; and

a memory comprising processor executable code that, when executed by the
processor, configures the apparatus to:

format control information, in a control channel of a communications carrier,

with a cross-carrier control indicator; and



105. A conputer program product, enbodied on a non-transitory conputer

readabl e storage nedi um conpri sing: program code for formatting
control iwbermBR@a, in a control channel of a comuni c&CIramg0100A4$2Er, With
a cross-carrier control indicator; and 59 program code for scranbling

the control information with a scranbling code, wherein the scranbling code
is selected based on. a. fornmt ;% t he co trol m@éorna |o and a | ocati on of

the control infofiERioheGPRiEglin nﬁiﬁtﬂnaw § S g A t he control
channel . 106mbfing CHRLIE SEIcREQBERIORGEMEL 1ofﬁmq{rgﬂmﬁﬂnﬁtl&? Rad & RRSHPT Y

conput er readabl e storage nmedi um conpri sing: _program code for
sear chi ng af flawoatrpk mfaymagemmethinspplosdity of wasbnpaash icthamnetrolshaznel.
comuni cations carrier for scranmbled control information; program

code for blind-decoding the plurality of search spaces with a plurality of
descranbl i ngocodes abpar@ik bAEkink DG, wRiMih@he p1OFPENEE Je@fth sPis in the coRglgr am
code for deternlnlng a presence of a cross-carrier control indicator based
on a for matchymel pempidies p olurpliy of earispecifin seasch weegsiand aglurehy of sampsIn
|nfornatloge&@hg&seflurallty of search spaces. 107. An appar at us,

conpri si ng: nmeans for formatting control information, in a control
channel of a connunlcatlons carrier, with a cross-carrier control
i ndi cat or; nmeans f.or scranbllng the control information with a

scranbllng1@éde1h®W@¥@¥hP@%@nb%%éﬂﬁﬁﬁ%g code is sel ected based on a format
of the control infor 20 hREALEAD R Phal1Ea&ORLEE Ly il Rt i on wi thin
a plurality of segréﬂHlta gn%s ?ﬁ the coﬁtré) aﬁan%e?. G%Bq ®
2011/0320358@%&&5@6&@#ﬁﬁﬁﬁaﬁhﬁﬂﬁﬁGBanﬁmomeEMBﬂmsmgmﬂhprising:
a second plurality of control information formats, including the first plurality of
control information formats, is associated with a second scrambling code and the

plurality of user-specific search spaces, wherein the second scrambling code is different

from the first scrambling code.

102.  An apparatus, comprising:

a processor; and

a memory comprising processor executable code that, when executed by the
processor, configures the apparatus to:

search a plurality of search spaces in a control channel of a communications
carrier for scrambled control information;

blind-decode the plurality of search spaces with a plurality of descrambling
codes to extract the control information; and

determine a presence of a cross-carrier control indicator based on a format of the
control information and a location of the control information in the plurality of search

spaces.

103.  The apparatus of claim 102, wherein the plurality of search spaces in the control
channel comprises a plurality of common search spaces and a plurality of user-specific

search spaces.



means for searching a plurality of search spaces in a control channel of a

communi cations carrier for scranmbled control information; means for
bl i nd- decwoOizag/w3bespl urality of search spaces with a pl BCaIUSe810064#8521
descranbl i ng codes to extract the contred information; and means for

determ ning a presence of a cross-carrier control indicator based on a

format of t control informati and a | ocation of the control information
in the pl Urlg(f?i tﬁn hefpRuaiE AT %la%i@% whercin:

a first plurality of control information formats is associated with a first
descrambling code and the plurality of common search spaces, and

a second plurality of control information formats, including the first plurality of
control information formats, is associated with a second descrambling code and the
plurality of user-specific search spaces, wherein the second descrambling code is

different from the first descrambling code.

105. A computer program product, embodied on a non-transitory computer readable
storage medium, comprising:

program code for formatting control information, in a control channel of a
communications carrier, with a cross-carrier control indicator; and

program code for scrambling the control information with a scrambling code,
wherein the scrambling code is selected based on a format of the control information
and a location of the control information within a plurality of search spaces in the

control channel.

106. A computer program product, embodied on a non-transitory computer readable
storage medium, comprising;:

program code for searching a plurality of search spaces in a control channel of a
communications carrier for scrambled control information;

program code for blind-decoding the plurality of search spaces with a plurality
of descrambling codes to extract the control information; and

program code for determining a presence of a cross-carrier control indicator
based on a format of the control information and a location of the control information in

the plurality of search spaces.

107.  An apparatus, comprising:

means for formatting control information, in a control channel of a
communications carrier, with a cross-carrier control indicator; and

means for scrambling the control information with a scrambling code, wherein
the scrambling code is selected based on a format of the control information and a
location of the control information within a plurality of search spaces in the control

channel.
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108.  An apparatus, comprising:

means for searching a plurality of search spaces in a control channel of a
communications carrier for scrambled control information;

means for blind-decoding the plurality of search spaces with a plurality of
descrambling codes to extract the control information; and

means for determining a presence of a cross-carrier control indicator based on a
format of the control information and a location of the control information in the

plurality of search spaces.



