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BACKGROUND
L Field

[0002] The present disclosure relates generally to communication, and more
specifically to techniques for sending control information in a wireless communication

system.

II. Background

[0003]  Wireless communication systems are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. 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, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] In a wireless communication system, a Node B (or base station) may
transmit data to a user equipment (UE) on the downlink and/or receive data from the UE
on the uplink. The downlink (or forward link) refers to the communication link from

the Node B to the UE, and the uplink (or reverse link) refers to the communication link
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configuration may indicate the number of subframes allocated for the downlink and the

number of subframes allocated for the uplink. The UE configuration may indicate
downlink and uplink subframes applicable for the UE among the allocated subframes.
The control channel structure may be determined based on asymmetry of the downlink
and uplink allocations. In one design, the control channel may comprise (i) a fixed
amount of resources from a control segment if data is not being sent or (ii) a variable
amount of resources from a data segment if data is being sent. The at least one type of
control information may be mapped to the resources for the control channel based on
the structure. Each type of control information may be mapped to a respective portion

of the control channel resources based on the structure.



061618 3 [0007] Vari ous aspects and features of the disclosure are
descri bedvo nodsmnizher detail bel ow. BRI EF DESCRI PTI ON OFpdtiigsidoAuYHisS
[0O008]FIG 1 shows a wireless comuni cation system [0009]FIG 2
shows exanpl e transm ssions on the downlink and uplink. [0010]FIG 3
shows a strU&'&18 for sendi ng data and control information.

[0011] FIG 4A shows transm ssion of only control infommtion.

[0012] FIG 4B shows transm ssion of data and control information.
[0013]FIG 5 shows a tinme structure for a tine division duplex (TDD)

mode. [ 0014] b 6 SRANS alfeBOSM RIRAR oMl i RUITELE HGcHREh it cPRhi

uplink allocatlions.
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows a wireless communication system,

[0009]  FIG. 2 shows example transmissions on the downlink and uplink.

[0010] FIG. 3 shows a structure for sending data and control information.

[0011] FIG. 4A shows transmission of only control information.

[0012] FIG. 4B shows transmission of data and control information.

[0013] FIG. 5 shows a time structure for a time division duplex (TDD) mode.

[0014] FIG. 6 shows transmission with asymmetric downlink and uplink allocations.
[0015] FIGS. 7A and 7B show control channel structures for sending CQI and/or
ACK information on a control segment.

[0016] FIGS. 7C and 7D show control channel structures for sending CQI and/or
ACK information on a data segment.

[6017] FIG. 8 shows a process for sending control information.

[0018] FIG. 9 shows an apparatus for sending control information.

[0019] FIG. 10 shows a process for receiving control information.

10020] FIG. 11 shows an apparatus for receiving control information.

[0021] FIG. 12 shows a block diagram of a Node B and a UE.

[0022] FIG. 13 shows a block diagram of a modulator for control information.
[0023] FIG. 14 shows a block diagram of a modulator for data and control information.
[0024] FIG. 15 shows a block diagram of a demodulator.

DETAILED DESCRIPTION

[0025] FIG. 1 shows a wireless communication system 100 with multiple Node Bs
110 and multiple UEs 120. A Node B is generally a fixed station that communicates
with the UEs and may also be referred to as an evolved Node B (eNode B), a base
station, an access point, etc. Each Node B 110 provides communication coverage for a
particular geographic area and supports communication for the UEs located within the
coverage arca. The term “cell” can refer to a Node B and/or its coverage area

depending on the context in which the term is used. A system controller 130 may



[0015] FIGS. 7A and 7B show control channel structures for sending CQ

and/ or AGKohous@ifesi on on a control segnent. [0016] FI GSpcffasaintioiRe
show control channel structures for sending CQ and/or ACK

i nformati on on a data segnment. [0017]FIG 8 shows a process for
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Radio Network Controller (RNC), etc.
[0026] UEs 120 may be dispersed throughout the system, and cach UE may be
stationary or mobile. A UE may also be referred to as a mobile station, a mobile
equipment, a terminal, an access terminal, a subscriber unit, a station, etc. A UE may be
a cellular phone, a personal digital assistant (PDA), a wireless communication device, a
handheld device, a wireless modem, a laptop computer, etc.
[0027] A Node B may transmit data to one or more UEs on the downlink and/or
receive data from one or more UEs on the uplink at any given moment. The Node B
may also send control information to the UEs and/or receive control information from
the UEs. In FIG. 1, a solid line with double arrows (e.g., between Node B 110a and UE
120b) represents data transmission on the downlink and uplink, and transmission of
control information on the uplink. A solid line with a single arrow pointing to a UE
(e.g., UE 120¢) represents data transmission on the downlink, and transmission of
control information on the uplink. A solid line with a single arrow pointing from a UE
(e.g., UE 120c) represents transmission of data and control information on the uplink.
A dashed line with a single arrow pointing from a UE (e.g., UE 120a) represents
transmission of control information (but no data) on the uplink. Transmission of control
information on the downlink is not shown in FIG. 1 for simplicity, A given UE may
receive data on the downlink, transmit data on the uplink, and/or transmit control
information on the uplink at any given moment.
[0028] FIG. 2 shows example downlink transmission by a Node B and uplink
transmission by a UE. The UE may periodically estimate the downlink channel quality
for the Node B and may send CQI information to the Node B. The Node B may use the
CQI information to select a suitable rate (e.g., a code rate and a modulation scheme) for
downlink (DL) data transmission to the UE. The Node B may process and transmit data
to the UE when there is data to send and system resources are available. The UE may
process a downlink data transmission from the Node B and may send an
acknowledgement (ACK) if the data is decoded correctly or a negative

acknowledgement (NAK) if the data is decoded in error. The Node B may retransmit
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information may be dependent on various factors such as the number of data streams

being sent, whether multiple-input multiple-output (MIMOQ) is used for transmission,
etc. For simplicity, much of the following description assumes that control information
comprises CQI and ACK information.

[0030] The system may support hybrid automatic retransmission (HARQ), which
may also be referred to as incremental redundancy, chase combining, etc. For HARQ
on the downlink, the Node B may send a transmission for a packet and may send one or
more retransmissions until the packet is decoded correctly by the UE, or the maximum
number of retransmissions has been sent, or some other termination condition is
encountered. HARQ may improve reliability of data transmission.

[0031] Z HARQ interlaces may be defined, where Z may be any integer value,
Each HARQ interlace may include time intervals that are spaced apart by Z time
intervals. For example, six HARQ interlaces may be defined, and HARQ interlace z

may include time intervals n+2z, n+z+6, n+z+12, etc., for ze{1,...,6}.

[0032] An HARQ process may refer to all transmission and retransmissions, if any,
for a packet. An HARQ process may be started when resources are available and may
terminate after the first transmission or after one or more subsequent retransmissions.
An HARQ process may have a variable duration that may depend on the decoding
results at the receiver. Each HARQ process may be sent on one HARQ interlace. In
one design, up to Z HARQ processes may be sent on the Z HARQ interlaces. In
another design, multiple HARQ processes may be sent on different resources (e.g., on
different sets of subcarriers or from different antennas) in the same HARQ interlace.

[0033] The transmission techniques described herein may be used for uplink
transmission as well as downlink transmission. The techniques may also be used for
various wireless communication systems such as CDMA, TDMA, FDMA, OFDMA,
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partitioned I'nto subfranes ave a~ uration,
e.g., one m whingherorsdlafante pendorThy snbmifnegxfpa&hb eordiet sagimsnt may saibf pdipesnt

may be partiti E d I i c-fbgﬁtt)s 0
peri ods, Whet:i) tH{gﬂ)CMﬁ 18 f{)ly\ﬁle %la@ r thal"[ﬁlg% _§1a9 tselﬂlsézé)ng OIIEI _ a élclﬁ rﬁ?e
control seﬂment if there is no data to send on the uphnk. The UE may send data and
control information in the data segment if there is data to send on the uplink. This

dynamic transmission of control information may allow the UE to transmit on



061618 7 synbol period nay be used for data, control information,

pil ot, onyvanyseeshsnation thereof [0036]1In the design spowastinz/lta&ue
3, the Ntotal subcarriers may be divided into a data section and a
control section. The control section may be forned at an edge of the
syst em bandvf@8 as shown in FIG 3. The control section may have a
configurable size, which my be sel ecteg based on the anount of
control information being sent on the uplink by the UEs. The data
section may include all subcarriers not included in the control
section. The, e

cont i guous sugﬁélrﬂg grsglgbaﬂ?% heéalrd gé\f\/g% gﬂllgﬁﬁltpl %E to B&h rgaﬂtne H

the conti guonyrewPdad.fiers in the data section. [0037]A UP may be
assigned a c n bcarriers

be a fixed O@ﬂ«i({;nfl s gfx*neshé\}% ﬁ/l‘él%g‘l ts{é)gn SoPts(lS'I mform t1011 in d s%bf?%me TR
referred to taaeas phydanadalsembdni the wptinkt.r Ghe d:}Famag lbe (aRh@@tH)a cohtiolosegment,
design, a con y cl.ude n |nte e
subcarriers. ﬁ‘ﬁ pgﬁ({rtg dﬁtlémglgsq‘%ﬁ tqfflbgalblg gg&ﬁ‘g tso?fo'lﬁf Stbframe.
conti guous sl‘l’mcamzr mey Sendvb@tel Qifbayatioe o fhbmdglwd m&fmgurfablﬂe Yok,

A data segnent may a be referr to as a physical yplink sh Q@Fg%
Channol - ( PUSBEPET SeayBal HO0n T oS by Tty M1 R o
mul tiple of pRusiReRndhiish. The UE nay al so be assigned no data
segnent or n Qntrol segnent in a given subfrane. [Q038]1t may be
desirabl e f §1 lup Fi- t‘\lglﬁ?ﬁ?t“aﬁﬂmé%?ﬂ plotridssmmEaninfrgatpg; \ﬁlgeﬂslaere is
FDM whi ch i gatd ©f Rhd ef thetuPmik! akaliE efly foeagienats g §ghRAt, which may be
mul tiplexing (LFDM. Transmtting on contiguous subcarriers m

result in a PeRed typEERerises vEybgaTipnin be trnsdpts oparibiigmen ghe HEnepysend
the peak powgh, 8id @nWelVafemMdCod fe a@s‘f@feégﬁbdaﬂi@?sr fo?fthet i é’é?}ﬁ%ﬁt% r@a%lﬁ

low PAR is desirable since it nay allow a power anplifier

operated at wmbalerinfe dhe pemaipbgembeinsemayobe hiedpaakthouiiFat fop ek
This, in turp, Ry inprove throughput and/or link nmargin for the UP.
[0039] The UP may be assigned a control segnment |ocated near an edge
of the syst elffMdndwridiSh 4ATirel 4P shawy fansfmcwéom;& fmmdsla Wada sigaenty

wi thin the T sub rr|

for the con;jl r tooﬁmg%a&r}eﬁ{b % fo;'{}&{)gver }hglg{elﬁ i U{‘)lcar er §3 .k gé To
t he data segiyeibbl pé’lﬁl:ei lﬂ%nrragbf&eredtocmbﬁamé etaf o‘:‘r’re@ienqnhoppmgwmagqm\ndﬂ
segnent if there sen ont

data and con ?C’SFHCI}' ﬁjfvg Sﬁ%tag%??tt ?ﬂe@ﬂ%usc?ﬁfth %‘étg E@rﬁgﬁc}an?aﬁlgggf @f&%ﬁlggt 0
send on the @p43Ink. THEystetlyin@ndu@pdrt afeqichsy Aivisifn i@k (PDD) Rioas B®d/dron
may allow t ht?me Emsmn c{ug]@x ?}]SD) mode. In the FDD mode, separate frequency channels may
be used for the downlink and uplink, and downlink transmissions and uplink
transmissions may be sent concurrently on their separate frequency channels. In the
TDD mode, a common frequency channel may be used for both the downlink and
uplink, downlink transmissions may be sent in some time periods, and uplink
transmissions may be sent in other time periods.

[0044] FIG. 5 shows a time structure 500 that may be used for the TDD mode. The
transmission timeline may be partitioned into units of frames. Each frame may span a
predetermined time duration, e.g., 10 ms, and may be partitioned into a predetermined
number of subframes. In each frame, Npp, subframes may be allocated for the downlink,
and Ny, subframes may be allocated for the uplink. Npg, and Nyp may be any suitable
values and may be configurable based on traffic loads for the downlink and uplink

and/or other considerations.



061618 8 contiguous subcaniers regardl ess of whether or not data is
bei ng sew 20usiocd27sray i nprove PAR. [ 0040] FI G 4A shows pCeosroysi404%
of control information in a subfranme when there is no data to send on
the uplink. The UE nay be assigned a control segnent, which may be
mapped to di9§'88nt sets of subcarriers in the two slots of the
subframe. The UE may send control inforpgation on the assigned
subcarriers for the control segnent in each synbol period. The

remai ni ng subcarriers nay be used by other UEs for uplink

transm ssi o 04144El . : 1,551 : t :
i nformati an\?}‘}]‘ieﬂ 't hiélge@\gﬁlglé? gg\t%%hﬁsﬁe%%%l] rﬁ@? h@ﬁagﬁlfgﬁ.ag%@gaﬂg%%éaﬁgg
assi gned a diependitggoenthe wskesh apnfigwetiorapplat sommeifie edemlink eargl oplink

subcarriers jf fhe 9o n%hn%&s of Tdo@ml?ilﬂés) EIE) es W %q‘#%rtg?tﬁe ﬁﬁﬂltgexd@f %ﬂ@ﬁ{j

control information on the assigne carriers e data seg

i n each synmbobfrpess, ad. NJhe N gmaiBuchglosubiclarsebieanse mesy be assedtelywol her
UEs for uplink transm ssion. f[0042 FI GS. 4A and 4B show frequency
hoppi ng f r orRostegongdiag Sipbek swfigenEyr pspiog Ay tansysym pey fbsr 1ot in

over ot her t&o%lih!@%ﬁﬁ‘é%%, afft Sonerof HAMNSYIHORE tl@%ia%&n&rﬁisﬁéﬁmg:!é P&k A,

fromsubfranme to subframe, etc. Frequency hopping nmay provi
frequency dithecsidsyondgaiupbtk défremer) whse pat{h, N gt Sorasgmmetric downlink

random zati on of interference. 0043] The system may support a
frequency di%AdSIPERK P%%PS(‘GP:BB)H“%&P& d]swaﬁra% SRR PSR dgguaer
(TDD) node. dmydife sifpln®de, NSERRr at §idte AHGH ey IR BRG] i IR YndRapiEd
for the downlink and uplink, &hd downlinK transm ssions and uplink

transm ssi onstway doenidnindogphiak sitdnidey. Ayrhfekic aiepdsnat Bayf dRgusn ebre
channels. In_t -H(EP% r.mde%, a comon fre u‘%:}c%/ﬂ.chanﬁe.l may be usefi for
both the dovPHHkAATERAGSHIEE™ FSANLFSHR Ml ofins s BATiopRit gy Semplisate

sonme tinme pefysefsopednsh. uplink transm ssions nmay be sent in other tine
peri ods. [00%4 G _5 :&ﬁ?vvs a time structure 500 that may, be used for
the TDD nodel'048le t Finrnitews an cxanRlt A4 TARNPISEN it 3V MEREY JmynkaRd s

of frames. Eaflk fB8eRARY 18RS cRaRbISIRE @EWRIRRsubiARed UrtRlbhON M - be
10 ns, and may be partitioned into a predeterm ned nunber of

subfranes. |#SeHEH VithAenekDIPliskisPbismes Wias Manay bowutiagesroraluehed UE
downl i nk, aﬁqa}l\was_si?h@fréﬁﬂﬁﬁs iﬁ%“}ﬁgu@dbﬁﬁﬁ&@ﬁﬂl@&{ghﬁ\b§s \HHL hithe ashbiar@nd

ND , may be any suitable values and nmay be configurabl e based on
traffic | oadelifnlsulyfraed oMritackats aayl baseitron MAdABR wedseses in the M downlink

consi derat i OB framQ8I GLEUE. The UE may decode each packet and determine ACK information
for the packet. The ACK information may also be referred to as ACK feedback and
may comprise ACK or NAK. The UE may send ACK information for all M packets in
the uplink frame. In FIG. 6, ACK1 is the ACK information for the packet sent on
HARQ process H1, and ACKM is the ACK information for the packet sent on HARQ
process HM, where H1 through HM may be any available HARQ processes. The ACK
information may be used to control transmission of new packets or retransmission of
packets decoded in error.
[0047] In an aspect, a variable control channel may be used to support both
symmetric and asymmetric downlink and uplink allocations. The control channel may
be allocated different amounts of resources, e.g., depending on whether or not data is
being sent. The control channel may be used to flexibly send different types of control
information and/or different amounts of control information.
[0048] For clarity, specific designs of the variable control channel are described

below. In these designs, the control channel may be allocated four rescurce units in a



9 [0045] The downl i nk and uplink may have symretric or asymetric

al | ocat i ome 20@pesrtsng on the system configuration. For sgtmebiore74246

downl i nk and uplink allocations, the nunber of downlink subfranes is

equal to the_numbher of uplink subfranes or NDL = NUL . Each downli nk
subf rane rrayOEE)"@gssom ated with a correspondl ng uplink subfrane. For

exanpl e, a data transm ssion nmay be senjgin downlink subframe ii, and
control information for the data transm ssion nay be sent in the
correspondi ng uplink subfranme n, where if E 11, ..., NDLI . For

asymetric d I I E‘?&Q

sﬁ)l:/)f r arrels doéegg{f}lr)\%gtggnr%a%tﬂc %? ﬁ%ﬁﬁsuﬁéégrgﬁg%érgg ? ntap%e arrléxéa Q’fdr&?mrh‘%k{ﬁf

Hence, ther elesmwcenmltsbm @ dohescgmenneheraggh iy toagwseh dowssbimk uaitdmay

upli nk .SUbf r %J Elﬂlcre?dukc%g %&'18@?9[1 %m?éeg 0%1&91{:&1 MRLG ce{‘. I‘I}lr(%tlgb Lee
S g y

allocation o ources con 1 ONs
conplicate sisdueses uﬁrdrfalt mfmamls[u@ﬁml&] hyDe ﬁefmhabm subnareixayylrbodatiads, etc.

transm ssio t mTEtI’I Ilnk u tio S
exanpl e, M dstairel KRBT P SR B il b Ren FoR ma R merel ®
single upI i n;khysmiﬂflmmgs et @n MW}Q)etWomﬂhﬁgem \AajestewceAlnlﬂEqayamvé)e
assigned resources in downlink subfr rou

associ at ed ufl Y.“ﬁlﬁe%lfﬂfar“gﬁbay bRISRIR 8¢ cﬁ‘ﬁ)?r H‘é’“’s@ﬁt IilEi?]“t'lﬂ? l—‘?ﬁ%@% clté‘stg%s
in the M dowollowingSidbifisafRScoholt dhennkl may BRaisédronRid delg Tl RashaRAc ket
and determ ne ACK | n_fg) maf i og}éf or the packet. The ACK infaormati on nay

al so be ref e?Hed % HOMARSON: 08 diPa A thisfd IR derestses er kgt Grinad Afike

UE nmay send A@ﬁnhﬁ&pblnfﬁidoﬂﬂofflﬁ)ﬂ’onﬁdﬂonl\ﬂ packets in the uplink frame. In
FIG 6, ACKlL is the ACK information for the Eacket sent on HARQ

process Hl, HAPIACKKIG-s74 oweresigsopinetntioh channel saichizsior ss@mg MK
HARQ pr ocessinki¥hatifitheutto hi2E eLAg b'i%&?éé 0%@11@&)‘1&@1"5%1&1@19 Wl iBBRand data

processes. The ACK i nformati on na e used to control transmssion of
new packets @ nNoesendnsi H6i g dite é@!&: Kespurcelantt & the centradrsegment may be

represented by a 2x2 matrix. The first and second rows of the matrix may correspond
to two virtual frequency resources (VFR) S1 and 82, respectively. A VFR may be a set
of subcarriers, may be mapped to a set of subcarriers, or may correspond to some other
logical or physical resources. The first and second columns of the matrix may
correspond to two slots T1 and T2, respectively, of one subframe. The four blocks of
the 2x2 matrix may correspond to four resource units for the control channel. In the
following description, H1, H2 and H3 may be any three different HARQ processes.
[0050] In one design, the ACK information for one HARQ process H1 (ACK 1) may
be sent on all four resource units for the control segment as shown by a structure 712.
For example, the ACK information may be repeated four times and sent on all four
resource units to improve reliability.

[0051] In one design, the ACK information for two HARQ processes H1 and H2
may be sent on the four resource units for the control segment as shown by a structure
714. In this design, the ACK information for HARQ process H1 (ACK1) may be sent
on two resource units occupying VFR S1 in slots T1 and T2. The ACK information for
HARQ process H2 (ACK2) may be sent on two resource units occupying VFR S2 in
slots T1 and T2.

[0052] In one design, the ACK information for three HARQ processes H1, H2 and

H3 may be sent on the four resource units for the control segment as shown by a



[0047] I n an aspect, a variable control channel may be used to support
bot h symvetroos/oaseds asymet ri ¢ downl i nk and uplink al | ocetT/@807/0146
control channel may be allocated different anounts of resources,
e.g., depend(lgg%]gn whet her or not data is being sent. The control
channel T818ed to fl exi bly send different types of control
information and/or different anounts ofjjcontrol information.

[ 0048] For clarity, specific designs of the variable control channel
are described below. In these designs, the control channel rray be

al | ocat ed T afuchRSAW ¢RI En! flo ACKIRKAHRicktoCRAR ay
data is not being sent and nay be allocated a varia

resour ce unikessepnongonfaespusie g rccupting \ER 81 rrsslbreThngseeAEK iAfOrIegmrfele
unit may cor

Physi oal T osunr QaRUeHBHEKS Anay GARM! G dnol 0L APLL TR LR 2 i s
defined by sTbcHirerA@KsnfogyativolforfehRQesicestts (AQI@’-‘])GHY heesxmmncoesrermycdoe
used to sinp I 0 al
resour ces ba&sr{ét]c G r@?&%{éﬁﬁ i dl %?’E‘-% alr?lﬁ}s1 %%r?é ﬁ/%legour‘feplﬁm,&" ?yogeg%l ?J' rti]i“?
may have anythdrerfﬁ@&@q:mocamds may tioe d.lszeldntrmllﬁgﬂﬂ(édcﬁ'lﬁermmbxe Ecbrtes;amfule,

control infofmation t h ng . the rol nel
o be oy BB oo sl stabcke Frd Bt O Ao TS AERRK Piernl 0 oncy
up to three &dAR@]@ft@@Bﬁ)Sﬂ& AOK 1bfbhhatmfoﬂﬂﬁwoi:d%§ G]lQri’ﬁTﬂhd)ﬂfb.xt ﬁlrbﬁraﬁlle,
control info 49 FIG 7A sh desi contr channe
structures f f’n cgnt ?ﬁ&q& Eomafigy rﬁ%ftﬁéﬁ&?fpc‘?ﬁb% 0y he QE<TRREFRS $Fes Yes
on the cont raotheegemitt HahQOK GilormatbndBE all Air€e AARCP BRkessdsMmiy 62 erfoBded

t he four resource units for the control segnent may_be represented by

a2 x 2 mt rVi A Fhe) Plofk code il sert oM OWeBae R T b £ Ckgiytormation for
correspond tt@emﬂ&HARQLp%ceiswﬁuﬁa@a/bés%ﬁgﬁro%ﬁmﬁﬁﬂéﬁ) Siand 52,

respectively. A VFR may be a set of subcarriers, may be mapped to a
set of subcafP?¥rs, F. %%%r@@gmrfd@lﬁ%@w%ﬁﬁ@mfﬁ%ﬁﬁ ¢ending CQI and
physi cal T eSQUEGRRmaHIR i ﬁ@gm@ b\ gfBE W n HRY
correspond to two gnlﬂ%ts Ti "?ﬁé Qgg%% fnl%negs frame. The

four bl ocks Iy:ft SQIheIIQOI)@ @smtfi@&mﬁaalyamm@sm@dt ancelf four res@uEUImite farmhe s

for the cont g and H3
may be any t r ee g?‘?’%}ﬁr% 3 %llg% %@Stugﬁjgswgfﬁ%%ﬁ 1%rmaﬁhrélssll_s’ g‘H t he
ACK i nf or mati0854]f or Inoeme d48RQ) the deHLCKAﬁmh)latmyfobenesHnﬁ{(bp]oadasb Hl
o Lesourcholl iy el ROk it R Ua D AR Pl BbER
sent on all 7T28urlntiés d@srgnethﬂrﬁQIsmfoﬁnatranmnydaerﬁhﬂ Girbiwiol 1‘E$u1c[e Q6% ddenpyde

design, the %Sil r1]1]; slo and 'If OrThte\QECfiA?(?n%nm? ?0%?—1%&((5‘ 1ocess I—H may be sent
on two resource units occupying VFR S2 in slots T1 and T2.
[0055] In one design, the CQI and ACK information for two HARQ processes H1
and H2 may be sent on the four resource units for the control segment as shown by a
structure 724. In this design, the CQI information may be sent on two resource units
occupying VFR S1 in slots T1 and T2. The ACK information for HARQ process H1
may be sent on one resource unit occupying VFR S2 in slot T1. The ACK information
for HARQ process H2 may be sent on one resource unit occupying VFR S2 in slot T2.
[0056] In one design, the CQI and ACK information for three HARQ processes HI,
H2 and H3 may be sent on the four resource units for the control segment as shown by a
structure 726. In this design, the CQI information may be sent on one resource unit
occupying VFR S1 in slot T1. The ACK information for HARQ process HI may be

sent on one resource unit occupying VFR S2 in slot T1. The ACK information for



may be sent on the four resource units for the control segnent as
shown by w0 stmspei2es e 714. I n this design, the ACK i nforpet/usmof/ora246
HARQ process HI (ACKI) may be sent on two resource units occupying
VFR Si in slot %’1 and T2. The ACK information for HARQ process H2
(ACK2) may &61?& t on two resource units occupying VFR 52 in slots Ti
and T2. [0052]1n one design, the ACK infpormation for three HARQ
processes H, H2 and H3 may be sent on the four resource units for
the control segnent as shown by a 061618 11 structure 716. In this
desi gn, the RHQIASRETES M@ pé Qnt W@r@srogﬁe%ﬁlt Bﬂ:cug) %V'Fk J1BY sBETS efife
on one resource unit occupying VFR Si 1 n sl . i nformation
for HARQ pr ot€§gnfopmgtingre) Zlﬁﬁgl Precese bl oy W@nt@sm WEOWIGH UnitorreupVieng
VFR S2 in slgg &hin Jfe2ACK infornmation for HARQ process H3 (ACK3) may
be sent on one resource unit occupying VFR Si in slot T2. The

remai ni ng r d¥83 ce Elbi.t 7Crahove detigs edf doptroh ehanhelestiubitRY for sowgmesd Ckn

ni 1y be DRRHBof HEEE it AR TERS s ot ST ML PR

subfranme, tent burnd FEQIACKLe riber segmetnmb indiARQ K resoess uhlits iand m’fag be

t bf th t ACK f HA
e et sanEaieed oy xp walsth, WRLEETREY 80 ahbatld "R FRE0 B B it
all three HARQ mﬁ@;ﬁﬁae@mmymbsremmgle@m Wiher@ S('4maBhe bieocxkescﬁﬁa; and
e three

sent on all es ce units.  Th nf ormation f t

HARQ pr oces s%lg beaﬁggh gﬁ“ét &Rt Of the gt‘ﬂ’% 1Jf%‘ia‘il?ffn dia Seg[”b”ﬁ!‘:q‘ilpl et anpsespisiag
desi gns of %mnﬁrglofqhamﬁix i lé&tlésb@ﬁd {00k oS @Rl M ardD2, 3BGeHly, of one
information for up t hr ee E{rj%cesses on the control segnent

when dat a .s%uh%%m%e“ﬁhe 2I<’+ hloelﬁe)fdl& MEX P4 GFREONG P Hajespucswhe. én
al'l four resQueR W £3 thobath bs@grﬁ&ﬂtrﬁé‘}l 1havE e Yme %P d&&?éﬂ@ dWerRion as a
structure 720, when no ACK information is sent. [0054]1n one design,
the CQ and IA@’querﬁ%trf@atﬂiQ)?Pnﬁi@} SeEEnHARG Sb@wee%@@ﬂ?%@lffb@ms@mbewof
the four g% E %Qliakkltﬂﬁoﬁptﬂ%%ﬁ!i gﬁd. L%ls.d dﬁ%re%t amounts
structure 72 I'nt eS|gn rmati on may be sent two
resour ce unidfsonicd UWIMIOVFRhSremaMIBQ ST uratadn T2, datiIregA@i may be Used

i nformation kgé_?l—&ABQ process H may be sent on two resource units
occupyi ng VFT In"slots Ti and T2. [0055]1n one design, the CQ and
ACK i nf or nat [08$8]f or Intono db%@Qttmrm@ésﬁesndﬂbn émbnbizmmy pheess éfit monbd det

f our resource nits for t. ructure
724. 1n this des] gﬁourfehgmgé %ﬂ%ﬁ?g r’r‘"hSth)'Ve E"é Jﬂgégtmte\/\@5 r egoeujf’v‘ée
uni t s occupyiestgrodFRiSi mayn osdupjr WER SAhdn m):s Tmean&\(’m i mhorremaining 110F2
HARQ process H nmay. be sg nt 82 one resource unit occupying VFR S2 in
slot Ti. Thereweﬂ‘t‘i"ft%?lﬁ% YHaARO process H2 may be sent on one

resource unipossgCcupii gig dékiBn,SBe IATKS Iérmbdon fdrARBBIARQ RRRssEesil gnd Hahe
CQ and ACK information for three HAIWéProcesses H1, H2 and H3 may be

sent on t he PBUPe SRR foBrespHrgedInits for fifedafasenet as gy aueHEWA4bIR a
structure 72fis defigh hh@A@ﬁsingﬁmaﬁ&efopgAR@fi%%tHloﬂqay@éf sdA€ of 8PS rRBur@ne

resource unit occupyin in slot i nformati on for

HARQ pr oces Ui Oﬁqalywné%gn& dhsletsd 1raad ddr dae dfaikt infematiny fAGHHRR moeceph
slot T 1. ThﬁZ%% Herﬁ o (HP‘MOOI[%SJUQ(EG units occupying VFR S2' in slots T1 and T2. The

remaining 2K — 4 resource units may be used for data.

[0060] In one design, the ACK information for three HARQ processes HI, H2 and

H3 may be sent on six resource units for the data segment as shown by a structure 736.
In this design, the ACK information for HARQ process H1 may be sent on two resource
units occupying VFR 81" in slots T1 and T2, The ACK information for HARQ process
H2 may be sent on two resource units occupying VFR S2' in slots T1 and T2. The

ACK information for HARQ process H3 may be sent on two resource units occupying



061618 12 HARQ process H2 nmay be sent on one resource unit occupying
VFR Si i webams/oi®7s The ACK i nformation for HARQ pr ocessp&Busem7/b®m246
sent on one resource unit occupying VFR S2 in slot T2. [0057]FIG 7C
shows designqs %f control channel structures for sending ACK

i nf ormati on Y& ﬁp to three HARQ processes on the data segnent when
data is being sent but not CQ. The datg segment may include 2K
resource units and may be represented by a K x 2 matrix, where K nmay
be any value. The K rows of the matrix may correspond to K VFRs S1'

through SK',yiReke & 'ndR¥a pe;grﬁeﬁﬁ1n| QUesY dngdex ”ﬁfédre %@EKb% FR&urce
hi ghest index of the K VFRs for the data segnent. I'rst an

second col urnmits ofay bhesedderdae. may correspond to two sI ots Ti and T2,

respectivel ylg(]@}l Onﬁle.u}ﬁ Gk de;rgni gfl%om'rglc&%nfefl %ﬁe%ﬁé bggrrent

correspond t resource unit Fesource uni t
may have t heA@HriBfounatiszffbemem thakenBABQoproaxssea ometh@dm eegomint whea dgthés
control segnb*e feren

nge} f
it sy pearsssh® PP e B oL B N be P B el ot B IFr
grr:)u nts of tcmatiate) lsegnndno amﬁtomrbydél' htaatcnmg(gl m?alsﬁ ﬁf)(ﬁ ;Hsglgcszélmhfs%iyl’locbh[@
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for the dat agssegnent as shown by a structure 732. The two resource
units may occu VFR Si' in slots Ti and T2, The renmain 2K -2
resour ce uni ﬁﬂggﬁay Beongsdegign.ofhe §Tand Ao gformasios beQP"gHA%iQ‘nBIOA@RHI

i nformation fgf bd whe dTHBQ @Mﬁ?&%‘ﬁ%fdﬂlheaeﬁ% stsgmaﬁxs aRvwaeHa s‘ﬁﬂctfxl‘éuiﬁz In
resource units for the data segment as shown by a struCture 734. In

thi s desi gn, thiskiesigiorhg GRbINFRIMRE Mot DIIRRONIMEdBSOYICHUNRRECHRY IngeYIR SH
two resour Ce]]pléwtst $1 919&T'QYTHQA&%§Jm%ﬁ& Bk P{tAﬁz(jr Plo@&g Hh2may! BEs e bh two
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[0063] In one design, the CQI and ACK information for two HARQ processes H1
and H2 may be sent on six resource units for the data segment as shown by a structure
744. In this design, the CQI information may be sent on two resource units occupying
VFR SI’ in slots T and T2. The ACK information for HARQ process H1 may be sent
on two resource units occupying VFR 82’ in slots T1 and T2, The ACK information
for HARQ process H2 may be sent on two resource units occupying VFR S3' in slots
T1 and T2, The remaining 2K -~ 6 resource units may be used for data.

[0064] In one design, the CQI and ACK information for three HARQ processes H1,
H2 and H3 may be sent on eight resource units for the data segment as shown by a
structure 746. In this design, the CQI information may be sent on two resource units
occupying VFR S1' in slots T1 and T2. The ACK information for HARQ process H1
may be sent on two resource units occupying VFR S2' in slots T1 and T2. The ACK
information for HARQ process H2 may be sent on two resource units occupying VFR
S3 in slots T1 and T2. The ACK information for HARQ process H3 may be sent on
two resource units occupying VFR S4' in slots T1 and T2. The remaining 2K -8
resource units may be used for data.

[00065] FIGS. 7A through 7D show specific designs of control channel structures for

sending CQI and ACK. information in the control segment and the data segment. These



[0060] I n one design, the ACK information for three HARQ processes Hi,

H2 and H3voeayshessent on six resource units for the datecpegrpitiass
shown by a structure 736. In this design, the ACK i nformation for

HARQ process_H  nay be sent on two resource units occupying VFR Si'
inslots Ti #H&1¥2. The ACK information for HARQ process H2 may be
sent on two resource units occupying VFR S2' in slots Ti and T2. The
ACK i nformation for HARQ process H3 may be sent on two resource units
occupying 061618 13 VFRs 53' for the data segnent in slots Ti and

T2. The r e”@%&gﬁ%m deé actffeS %]?ﬁr?%‘d?'d(f[ orbﬁ KSRl @liond @ Rsource u it

[ 0061] FI G Igns o anne structures tor sending
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may be sent ‘ontwo resource uni a segne
structure 74@stealihesieing wiouates Gl nﬁl(ﬁn WAsthamCI@mfmrmathFﬁ: HARQ preetsattsl

Ti and T2. The rce units may be used for. d .
0062 1 n-oneielf it B R oo s A e s e W e ol i
H nmay be semtveloieftfamdmpgeeﬁ@}urreseumaluhﬁs it Qlfic mﬁtﬁxd(aﬁ)ahesﬂgﬂﬁmft a8 1D Wit
by a structure hi s desi gn, be sent
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i nfornation dfake (HARQ RERGESH Uding@:, DRl HeRisuldht EMRWORSAM BEscdNbd 8I1 of
occupying VFR S2' in slots Ti and T2. The remaining 2K -4 resource

units may beth%‘@&al?IBFes%fea“th0063] In one design, the CQ and ACK

i nformation fpge)t wﬂéﬁrﬁgz HHOASS ﬁﬁf@rniého@ﬂﬂy thEmapleta@d fn%;lo&nnaslhlém eg,
resource units or th ta Seg ment as shown y a structure .

thi s design, usméﬂmll"ism@frwww FMb dregushey wsmomrl@slmng:é“w} tcgde
occupyi ng VFcﬁvé'on rﬁdi‘tl[ﬁéx%gs(CBM?réQ T%-a h®irAG afeBF MR 49 HEngHé SW

process 111 may be sent on two resource units occupyi ng Vi

slots Ti andﬂ‘ﬁ’)_S TAReopgK7P g mm‘m%‘ft@n off 6"rDN@IAR®FP:1\’b@@B e ppedriy threcostnk

Femi i ng. 2K TP b oL sy BV ey Brihl o e A6 ARG o For

desi gn, the €@@npknd2 AdkCaimeio nmmtheoﬂlob@ted it the daARY) procEssed VR may
correspond fo six subcarriers, and one resource unit may correspond to six subcarriers in
L symbol periods for one slot. CQI or ACK information for each HARQ process may
be sent in the assigned resource unit(s), e.g., as shown in FIGS. 7A through 7D.
[0067] TDM may also be used for the control information. In this case, all control
information mapped to a given slot may be processed (e.g., jointly encoded) and sent on
al} subcarriers for the control channel in that slot. As an example, for structure 726 in
FIG. 7B, the CQI and ACK information for HARQ process H1 may be processed and
sent on all subcarriers in slot T1, and the ACK information for HARQ processes H2 and
H3 may be processed and sent on all subcarriers in slot T2.
[00068] FDM may also be used for the control information. In this case, all control
information mapped to a given VFR may be processed (e.g., jointly encoded) and sent
on all subcarriers in that VFR over two slots. As an example, for structure 726 in FIG.
7B, the CQI and ACK information for HHARQ process H2 may be processed and sent on
the subcarriers in VFR S1 over both slots T1 and T2, and the ACK information for
HARQ processes H1 and H3 may be processed and sent on all subcarriers in VFR S2
over both slots T1 and T2.



H2 and H3 may be sent on eight resource units for the data segnent as
shown by veo3atosmedznse 746. In this design, the CQ i nforpetustoomayzie
sent on two resource units occupying VFR Si' in slots Ti and T2. The
ACK informatjon for HARQ process H nmay be sent on two resource units
occupyi ng V 1§38 in slots Ti and T2. The ACK information for HARQ
process H2 may be sent on two resource gnits occupying VFR S3' in
slots Ti and T2. The ACK information for HARQ process H3 may be sent
on two resource units occupying VFR S4' in slots Ti and T2. The
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7A through 7D, a conbination of TDM and FDM may be used for the
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In this case, | | nt.r |nformat| d to a given slot may be
processed (euﬂflgb,el f%%n%m&elr%seatuﬁng @%’en‘tp)eon all subcarriers for the

control chanfer2]i n Tlimatlessgmtm HﬁSari’AexIam;glle?Dfmulﬁet ithae tther eontd® dhinnel

FIG 7B, the nf or ion fo rocess Hl may be, ...
pr ocessed anBS ¥ Eh%CKq 1 ‘8%°§ch r’t‘ng’f WR%'%?M%&OE I!F;‘{%“%Aﬁ%t and (i) 2
I nformati on fapiablelARRLRN omas&ﬁ&e trlatsawﬂexwatﬂmybél@g @mceﬁ%@deralndhesm&ropn

all subcarriers in slot T2 068 | so be used for th

cont rol i nf oiES GRY i udceh(f)# g’éFéieJl VIR A & 10b
a given VFR paas 6t MHOEes e dr&alable mﬁhH& bffre@diﬁ&d@m wABH dSL Rtbeid saihdl
subcaniers in that VFR over two sl ots. anple, for structure

726 in FIG s nynpher eéresglﬁeemtwfﬁlfl%%@e .tleﬁnccmapl Hiares! e esdi fppntihign
be processedgid iSEI. 78MLIE, Bhibcaniers in VFR Si over both slots Ti
and T2, and the ACK information for HARQ processes H and H3 nay be
processed an@0%¥nt binsaerals thscxariebler goritil \hwnsh r@vehav@oﬁrﬁfe@nmsguwes

and T2. depending on one or more of the following;

e System configuration, e.g., allocations for the downlink and uplink such as the
number of downlink subframes and the number of uplink subframes,
e UE configuration, e.g., the downlink and uplink subframes applicable for the UE,

o The amount of resources available for the control channel,



061618 15 [0069] CDM nmay al so be used for the control information. In
t hi s casayvotdwot@sand ACK i nformati on may be spread w porosidoogony
codes, conbi ned, and then nmapped to all resources available to send
control information. [0070] The control information nmay al so be sent
by varying t9I8dul ati on order. For exanpl e, BPSK may be used to
send one bit of control information, QPGK may be used to send two
information bits, 8-PSK may be used to send three information bits,
16- QAM may be used to send four information bits, etc. [0071] The

designs in FIGS. r

i nformation be$i n?@é‘ﬁ{é Esﬁ%g%?nzg%gﬁ%ﬁéﬁ?%pg?%@?g%%el c%gg@ncgl% naﬂe,l’ eéﬁﬁ’yCQI
nunber and any t yp&ocofACEdnformdtionnf or mati on may be sent on the control
channel . For exanple, the control. inforpation gay conprise

i or mat i on i dnt P PRUNGGOBH SRIPEIE PRt St B o B g g fumber of
subbands, i nf or TE{ARQ pfeessey @i ackmwdedge@codi ng/ beanf ormi ng matri ces
or one or nore antennas for M MO transm ssion, a resource request,
etc. In generaPf, "Mhqtherggnefrdaipdip beipg geng il mer degminedhe sigt didnegation of
may be sent for epChnir¥R@annEh@nfmount of ACK information may be
dependent on the nunber of RQ processes bei ng acknow edged. The
amount of CQ Fnfldedatiied relighijitbler ¢4ck e Casonsiabwforinatide} GS.  7A t hr ough
7D) or variable (e.g., dependent on whether or not MMO is used, the
nunber of sti08&Hs bEhenrigdaconisil ppnnglvDy sappor) tranfBEyieh Thenedw siage &ypEn

FIGS. 7At hr&u(%gﬁglqnﬁo'}&% {;@Z% Vj]atf‘igblg QLR ofCRERARE. ilﬂﬁieﬂéf?tes?mgéu%els f‘fﬁ)r .

fixed nunmber of resource uni en data 1s not belng sent an
vari abl e nunbepigf cangsbinfemaen toscontrelnchdaich résuioesi mgy bemsed depending on

general , the,c C I ] € il fix I i.abl
manber of - r LS EelonHRRIE AU R LN o)t in g onkl LR oy
or vari abl e thumtizeraried depesdug cethanarfas Wieems.data i s being sent. The

nuber O ¢ SRR MR AR, O e BRSO B

vari abl e conkmadss Bltammebe pEforhalley dUEferatplakreg! by @scritepansichg B

one or hore Iggdet]!’)?orftﬁé ld(?\’\ilf’\fﬂ{;l% At least one type of control information being sent may be
determined (block 812). The control information being sent may comprise only CQI
information, only ACK information, both CQI and ACK information, and/or other types
of control information. A structure of a control channel may be determined based on
operating configuration and/or the factors noted above (block 814). The operating
configuration may be determined based on system configuration (e.g., asymmetry of
downlink and uplink allocations), UE configuration (e.g., applicable downlink and
uplink subframes), etc. A plurality of structures may be supported for the control
channel, some examples of which are given in FIGS. 7A through 7D. One of the
supported structures may be selected based on the operating configuration and/or other
factors. The control channel may comprise (i) a fixed amount of resources from a
control segment if data is not being sent or (ii) a variable amount of resources from a
data segment if data is being sent. The control and data segments may occupy different
frequency locations.
[0076] The at least one type of control information may be mapped to resources for
the control channel based on the structure (block 816). The control channel resources
may comprise time resources, frequency resources, code resources, efc., or any

combination thereof. Each type of control information may be mapped to a respective



System configuration, e.g., allocations for the downlink and uplink
such as twe 200smher7s of downl i nk subfranes and the nunber potusplorokizas
subfranmes, HE configuration, e.g., the downlink and uplink subfranes
applicable f the UE, The ampunt of resources available for the
control chanﬁ%ﬁﬁ 061618 16 The type(s) of control information being
sent on the control channel, e.g., CQ g@gnd/or ACK information, The
anount of control information being sent for each type, e.g., the
nunber of HARQ processes being acknow edged, Wether or not data is

bei ng sent, G By c&iﬁto%]p%nﬂ@ B‘Eéaﬁrm?s! ga%e@&gthhgﬁﬁétﬁx@.n Ry @?Pinﬁ&%ﬁ&{

channel , an The desired relrability for eac ype of contro
i nf or mat i on. MEOOT HPTHE way bapkepcd dheM of the isamire ichanag! resoures,te-g., as shown

transm ssi on, {rmg@?e o iTEG, Y %El]?stn%ml%%b rir?i’l(%. WO HRL Q% Wrdhafon may

vai i abl e anndﬁ resour ces. erent structures r mappl ng
control i nfobasent aml mey bomappdd tohdmidhe cansrolcloase] mepulbes, ageds shown by

g]‘?pfﬂgi rc‘gnfpsor%ﬁ%@heg‘rﬁ% F@ﬁ%oo{n%zé‘.“i% afd sttrun:?u%gs 93'2‘4833@5%91!‘1‘?3. 7@%0%% @‘f%}‘%& €
y thus be varied dependinhg on the various

factors. [OOXBKFnGrm8tichomg ba sehetsingnmaf ba npppaiewsth80&ofioes &enith agntrol

control inf Ocr:hrg%rtleil Biked on the structure, e.g., as shown by structures 722 to 726 in FIG. 7B and
structures 742 to 746 in FIG. 7D.
[0077]  FIG. 9 shows a design of an apparatus 900 for sending control information.
Apparatus 900 includes means for determining at least one type of control information
being sent (module 912), means for determining a structure of a control channel based
on operating configuration (e.g., asymmetry of downlink and uplink aflocations) and/or
other factors (module 914), and means for mapping the at least one type of control
information to resources for the control channel based on the structure (module 916).
{0078} FIG. 10 shows a design of a process 1000 for receiving control information.
Process 1000 may be performed by a Node B for the uplink (e.g., as described above) or
by a UE for the downlink. At least one type of control information being received may
be determined (block 1012). A structure of a control channel may be determined based
on operating configuration, which may indicate asymmetry of downlink and uplink
allocations, and/or other factors (block 1014). The at least one type of control
information may be received from resources for the control channel based on the
structure (block 1016). For example, CQI information, or ACK information, or both
CQI and ACK information may be received from the resources for the control channel
based on the structure.
[0079] FIG. 11 shows a design of an apparatus 1100 for receiving control
information. Apparatus 1100 includes means for determining at least one type of
control information being received (module 1112), means for determining a structure of
a control channel based on operating configuration and/or other factors (module 1114),

and means for receiving the at least one type of control information from resources for

the control channel based on the structure (module 1116).



Process 800 may be perfornmed by a TIE for the uplink (e.g., as

descri bedv@abmge)4203 by a Node B for the downlink. At | epst/usneroups
of control information being sent nay be determ ned (bl ock 812). The
control inf odﬁn%ébon bei ng sent may conpiise only CQ information,
only ACK i nf ion, both CQ and ACK information, and/or other
types of control information. A structuyge of a control channel may be
determ ned based on operating configuration and/or the factors noted
above (block 814). The operating configuration nay be determ ned
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061618 18 [0080] The nodules in FIGS. 9 and 11 may conprise

pr ocessomne) 2@is@ed2roni cs devi ces, hardware devi ces, el eCPCONSHBT7/074246
conponents, logical circuits, nenories, etc., or any conbination

t her eof [008 Flg. 12 shows a bl ock di agram of a design of a Node B
110 and a U 1@6, whi ch are one of the Node Bs and one of the UEs in
FIG 1. At UE 120, a transmt (TX) datagand control processor 1210
may receive uplink (UL) data froma data source (not shown) and/or
control information froma controller/processor 1240. Processor 1210

TRy process (gsd). . EQfTRLnpRRERNS 1DHOLAT 1ARYRy BRd: AROkORP) U e

h
data and control information and provide nodulati on symnbol s.

modul at or  ( MOB)Node ) Hayespecsivelys Maweoriep detZatiidol? 38 yrysitose dafa ded progised
bel ow and proyide, ot tanﬁ'ﬂoﬁ?B fiot (Y. °A &Ué{{ﬁ@lﬂs%%gﬁmaxeaﬁre $S
(e.g., convert to analog, anplify, filter, and }requency pconvert

t he out put cler powahek gedier aplinkatranspiissivk @idgmay | proiile lssigaynebts of system

transmtted yja. t . . 2
may receive Iié OZII%E Fe?%ka%gg%ﬂ%ﬁ%&fs F%C%g%%] @6%%@??%@&%&@ %Q %?)d&&?
provide a redBs.ved signal to a receiver (RCVR) 1254. Receiver 1254
may conditio . 0. iLter ity fr enc owneconv. nd
Gyt oey t oS T s ERe et EREY e R Sboe B fonero
denodul at or ixREkEER). I6dh ey 1 200 aag de kel beaeivedr $200pk @ HX) in FIG. 12
descri bed beLﬁw %gﬁﬁ&OVide denodul at ed synbols. A receive (RX) data

and control P £9%0 may process (e.g., synbol demap,

dei nterl eavejpogg)d dacodepnitdierstesndul @ adichyiBobes pire opIiKaddt BRCogad]
data and control information for UE 120 and other UEs, [Q083]On the

downl i nk, atPTRESERT B2H0 Flotdn may kecese podiaiogesa L apdier o< Ipahaiien tohe

to be sent t@niing shlEBaniYn B BLREETSEN AVK thidrfhafled B vaid s&RM 4 Bbven slot,
processor 1290, nodul ated by a nodul ator 129 e. g

2 .g., for OF
condi ti oned B &XtqoRElAreqessor 1%@4@%@?@6@%@%@1%@@ symholfpt BAME1YPBK
At UE 120, tRe.AqWird E)ro%b&n@%.,s by l’n‘ﬂ?ﬂﬂ? SeABr1d Ana PSRRI RE ¥, 9406 %nd
Node Bs may be received by antenna 1224, conditioned by a receiver
1230, denodud ared tdynahal epREKUvaloNe.d.232 (/8. gProcdharr 10FDMay taeidrepeat the
processed by an RX data and control processor 1234 to recover the

downl i nk dat @P3hdyebtfPbrach AR Rerecss teekiainl mesuktio srobdpopt syppol

hi general, ghgdPmaGRIR: B8 MY ptoRlde ke MoAMEMISS BRI ﬁ?ééclpﬁnﬂjoﬂgé@d. e

or different- fromthe processing for downlink transm ssi on. 61618
only CQI information is being sent in a given slot, then TX control processor 1310 may
encode the CQI information based on a block code to obtain code bits, map the code
bits to L. modulation symbols, and provide one modulation symbol in each symbol
period. If both CQI and ACK information is being sent in a given slot, then TX control
processor 1310 may encode the CQI and ACK information jointly based on another
block code to obtain code bits, map the code bits to L. modulation symbols, and provide
one modulation symbol in each symbol period. In another design, processor 1310 may
process the CQI and ACK information separately and may provide two modulation
symbols for CQI and ACK for the two VFRs SI and S2 in each symbol period, e.g., as
shown in FIGS. 7A and 7B. TX control processor 1310 may also generate modulation
symbols for CQI and/or ACK in other manners.
[0087] Within modulator 1220a, a unit 1322 may receive the modulation symbols
for CQI and/or ACK from TX control processor 1310, e.g., one or two modulation
symbols in each symbol period. For each modulation symbol, unit 1322 may modulate

a CAZAC (constant amplitude zero auto-correlation) sequence with that modulation



19 [0084] Control |l ers/ processors 1240 and 1280 may direct the

oper at i owgo adosldE2320 and Node B 110, respectively. Menopépesisshersand
1282 may store data and program codes for UE 120 and Node B 110,
respectively. A schedul er 1284 nmay schedul e UEs for downlink and/or
upl i nk trans%@é?on and may provide assignnments of system resources
(e.g., assignnments of subcarriers for dgwnlink and/or uplink) for the
schedul ed UEs. [0085]FI G 13 shows a bl ock di agram of a design of a
nodul at or 1220a for control information. Mdul ator 1220a nmay be used

for nodul at %gm%glzq)o sttt 2 1%911és§0rﬁ n%‘ WR&;@%M@&‘ “cﬁi‘ké Ee?lugl?%_r Unodulate

[ 0086] A TX control processor part data an
control procesbols. AXIHZAG sFquencelipa Smnqeém@ﬂﬁeomdmpmr@b@s@cmtlcafﬂﬂ-or

ACK i nf or matal Q:Q%sttéﬁt bf‘ﬁ-né n(%]‘hmﬁ n@elﬁéﬁeﬂf £rﬁi|ng?od @% Ll_gﬁa%(g ISU [Sé)gt)é 'ﬁ%K

information | el ng se I'n a con essor
1310 nay genegqatey sspeanciod)atSoore mehel CABACH émque@lcw iNAMdd @rCImascenudﬂéR@

process, e. i ng an.ACK to _one SK |V and a
RAK Lo anot PakoRiP BRidige, 20r g s SERfaleR i B Gy "hl®
repeat the @RBmbyweduohcef Bi, Ba®H ah-ﬂd\lR@qulmﬂm,Setd‘: pwhibh aiakrowrdd ulheadrt, OTh
synmbols for L s ol per.iods one sl t e

U AR Yt Al SRR M VRN L .
bei ng sent iin tie @hitEReGh@i assighedio V€ cmltrol processor 1310 nmay encode

the CQ infor i on, based. on a bl ock de to gbtain cqde bits
the code bi tQB% L AroWEFE i ?P‘%%/ﬁ‘%llégga‘ﬁ%’ a?rgcorndépeaﬁ?é hoetae i B M

symbol in eagfiusdQnbpR b 8h syhbd@blodddd prRAIA pécRb Ry TRbIOR mbSIs. A

being sent in a given slot, then TX control processor 1310 may encode
the CQ and SKEROMR tQfSYPGREIST GRAPPHE ARity ShhBeY MR Tt hestrally shaped syabalpto

obtai n code i §SsubfRRert BEnLE &gﬁlopéetgﬁleﬁt%égdw @iatbe anﬁﬁﬁﬁ?ﬁ’lﬁﬁ zer @Qqnbols
provi de one npdul ati on synbol in each synb period. |In anot

desi gn, pr ocedls sienal 3pberafyzepr Ecﬂn@sremwemg@ubwmmm m'@rﬁenﬁtsq:reﬁﬁ Fourier
tel
separately %sméﬁfgg‘j:‘lﬂﬁéﬁ mﬁ‘%%&% N | HTB%U%IJ R R t(ﬁﬂ%&% g

the two VFRs Si g., as shown In
7A and 7B. Tiomeownppiog upt bB8ssasfors 30 O-paiyt IQF§®HQ®S@N$B’@bd@Ml@EfOGH the

Syt o SHbag I T L TSR B0 U
ACK from TX admt clobs. pEaEh@ssmt chili31kG,, coelpi:px valmn o mtranannttedohubm dhimperiod.
iy moaul ot & eiAeSed e B GRL PR TORCT B Qiop o et
sequence W tdsefuhpdrtioafiana#G-BDM symbol. A cyclic prefix generator 1338 may copy the last
C output chips of the useful portion and append these C output chips to the front of the
useful portion to form an SC-FDM symbol containing N +C output chips. The cyclic
prefix is used to combat inter-symbol interference (ISI) caused by frequency selective
fading. The SC-FDM symbol may be sent in one SC-FDM symbol period, which may
be equal to N+ C chip periods.
{6089} FIG. 14 shows a block diagram of a design of a modulator 1220b for data
and control information. Modulator 1220b may be used for modulator 1220 in FIG. 12
when data is sent. TX control processor 1310 may process control information and
provide modulation symbols for control information to modulator 1220b. A TX data
processor 1312, which may be part of TX data and control processor 1210 in FIG. 12,
may receive data to send, encode the data based on a coding scheme to obtain code bits,
interleave the code bits, and map the interleaved bits to modulation symbols based on a

modulation scheme,



061618 20 synbol to obtain a correspondi ng nodul at ed CAZAC sequence
wi t h nodowwatend/ossembol s. A CAZAC sequence is a sequence paviuBgpogond4c
tenporal characteristics (e.g., a constant tine-donain envel ope) and
good spectra CH racteristics (e.g., a flat frequency spectrun). Sone
exanpl e CAZ 19 guences i nclude a Chu sequence, a Zadoff-Chu
sequence, a Frank sequence, a generalizgd chirp-like (GCL) sequence,
a Gol onb sequence, Pl, P3, P4 and Px sequences, etc., which are known
inthe art. In each synbol period, unit 1322 may provide M nodul ated

symbol s for fohsy;M S%ﬁﬁr Froff1Stol nzbdme ep@aﬁan@d é@l&'ﬁ%kv@t%?' 9)??0'13%
120. [0088] A spectral shapi ng unit may per orm spectral shapi g

on the M nodgtateedic syadgistian pymbde Erogly% ¢pntpd presgssan &3 1&' oy e mv‘dulatlon

spectrally s I i

oy T the W BOSATILT R pfes T BE oS BEoHR6 el bR Bo Aot byl
control segnenh syl gmmﬂl Wber‘cJEz b2 lamdaerrailswbwpri@eimths ylmtb@d:gsnam assigned
signal val ue 0 i.ni . e
Fourier t ransﬁ%b; rfnfdé I %Je%ﬁl?oﬁﬁ%'s%% 83}’1{\}213%8 “‘Ag;? elggl?r{ %@o‘% Hﬁ(ﬂﬁt
the N total cuthe&) modulstichrsgmboiape irmesfarmi ﬂlesli?)ﬁﬂbolpﬁbfl’ﬂﬂlmtia]ﬂ dNmya ol mtthe

| DFT on thes S s to, transfo nbolsfro requenc
bommi 't ot pieeRl Bl AR G RO R BB B b A bt et ] e
Each out put wti p330smay Qﬁﬁﬁﬂrﬁ)ﬁp&bﬁhhﬁlabmgb@l theaQ s qutey-domatn eyneluil and

eriod. A parallel-to-s conver P/ 1 may seri alj the N
bt put " chi paPtaHES 5 PG BgRsch GHOEbr « HERoblo SR Ses HPCIE Bl TR oy

cyclic prefixageney qie@&allgz?sﬁﬁgemymsﬂp% hB € duBSdrrides QLhS dhta GoinRSt Bfd hiye
useful portion and ap &Pend t hese C output chips to the front of the
usef ul porti'8fP £dO PR 188 %‘FWP@?&B artiegiyt B H‘@t e ‘Ealbﬁ?rﬁlli’fn an N-

chips. The gp/&ﬁtl ORI &f e NSmaksed siRAbSaO A uhinli g1 s ide Ny 8iced RNGE
(1ST) cause by frequenc%(3 sel ective fading. The SC-F synbol may be

sent in one PPEy K50 %emﬁﬁoaeuahm ER Nhaytryehiguand eslinpetlic sepgrpior
peri ods. [00 frefk A toria RSN syALIEhAMIRY N&. ¢ output
nodul at or 1220b f 3pééi nd cgntrol r| r?f ormat i oSn %31} atu({f)gr 122&5@“
be used for ¢hiwdul at or 1220 in FI G 12 when data is sent. TX contro!
processor y ST dm vi de. lat.i on
By nbots for RAaTry PIEASTClt Wy LAICRESS] BELeRtQ AT RAbALLP
processor 13\3.{121;10uw\/amt ivvlthu:lytab asmnt/elzef C'ﬁmrcd anfar matiibnomyt alsl bepsemc assoious
1210 in Fi Got 21 mz{nill IS gealnc\)/?erd&tfi]t 9 S]]en(il}” COl]tI‘O? I 01ma Ol'l aSt %l‘lt @2 nc(i)/lar a
codi ng schene to Si n" E8YE b sV et eave t He”'CH bi ¥4 4"

the interl ea%€d 1lnfdmatim1 ey bk @hdoand sgpmmdhs, hasplexean tlansm}dﬂﬂ amthom DF’I‘
schenme. 061618 21 [0090] W.t hi dul at or 1220b, a ser -t o- par el
conver ter ¢ SHE)PBSh R LHE Ry ST St RREr SR e R G ep R b
control processom aabtier adb@lghh@QlDdW@t AOK syfoiekisn fa@mbd Nolkdll aencoded,
processor 1312 | P 1326 na dul ati on s nbol s in each

B bar - per i o gl T3 SR T T ot S BRaEH | Br SUPRRTR Ot ey control
segment assi gagent ColrolliRRrmAi i BloteROM R datd FHR&S @F dthdr BEsTdnsWaiitle
1328 may performa Q point DFT on the Q nodul ation synbols to

t ransf or m t h&&designiBeYa i flgmlt-ne tine domain to the frequency donain

and may pr OV%odﬁzyQ f e A CREYnd QIR 1S YIB! B 1P 84 EdHirof ARG Hhiy be
1330 may perform spectral shaping on the erequency domai n synbol s

and provi de Eoegseadtasgd gn 8 HapleRioeyiie peiemsyyiss | dataols 19b st e based i hg
unit 1332 may. R r&é&?su% SRERS F A datSE @%‘?dvﬁﬂéﬁ@éﬁk floh bt Qféggﬁﬁﬂ'ngy‘ S

in the data segnent and may map zero synbols the’renain
subcarri ers. bel BET uging ta T83ACnsequgree ftorchiens Equomr rﬂAR DFffhepnsenhwithl data,

mapped synbo t

PIS 1336 nay é@g&i{ gl r}ﬂ%«%ﬁiﬁe ﬂ[ﬁﬂ Lﬂ?&x@% 'xﬁt?dé‘ra d H@a C%IEE.%h o Qyﬁﬁ%a&l& R
gener at or 13% nﬂnllapipmﬁdmgtlmy e’iay alspritef poocdssedf or mﬂmrmﬁfﬁeﬁDl\/F@ymamble

cont ai ni ng NCO-;-lth i%%&‘l%%lgoncntlg S se&t%%%@dﬂ[\%se g. ]by s%legtdl%geasc% WESGRATP s!y?nbol




wi thout and with data, respectively. Control information nmay al so be
sent in wapp@smiarher manners. I n another design, when pob/ysmondTiode
information is sent, CQ and/or ACK information may be encoded
separately, It%plexed, transfornmed with a DFT, and napped to
subcarriers he control segnent, simlar to the design shown in
FIG 14. In another design, CQ and/or ACK information nmay be jointly
encoded, nultiplexed, transfornmed with a DFT, and mapped to
subcan-iers for the control segnment. Control information may also be
sent with d%@c&%ﬁ%f@l‘ﬂmﬂ&bWlﬂl%sél%%sg?%b&eaﬁdhﬁ 46111 tﬂ@ S&Q%OH&&F G
14. [0092] I n the designs shown in control

i nf or mat i on syEpokéo e sewsedobhs eehtiohchantdlr st processing scheme when

data is not a

sent. vhen S0, FORCATIAT, BoSFGeRERRARTR PRARAT: AN IRER S
sequence to HOhingllE. 42 d¥ehin RERodvien 13&hta ectih pdﬁtxalemomitundl 1510 may
| nflor mat o (B B8 PV LLLBLPXGE M L1 dRkR A0 LoRGESSET. 1L liea

manner as d AtT O] i'on"ray al'so cesSe ino
manners. Forsaﬁmambeﬁspomﬁmg cd thie rn‘yolicrrpxteﬁgnamiayroﬁﬁe $endceivied vegnTEMor the

e.qg., by spreading.each nodul 22 for..c ol .

o P R R RS o P 3 B B P A Beeivaon
synbols to tdmprees:optﬂﬂ&& AQUFT bt Cﬂﬂtrﬁ@l pegfoah ae N-pdi 093} bl e NLizcsihans
a bl ock diagra desi gn of, derm rotglF 1260, at Node B 11Q.in FI G

12. Wthin déi8 Biovifle fprecelved ¥ R tpehbstrighn £hass Phreqselye

obtain N + thﬁ@@ln\{@dco%ﬁ[mdl@aﬁ aﬁmccﬁilﬁr@hmﬁﬁ%nw Y B UEs R AiEting 6 M8 EC
recei ved sanpl es_corresponding to the cyclic prefix, and provide N

recei ved sanples ThePIeReings©f HeoyssenE @for@awc@i%dd%fnﬂw@yﬁ%ps
An S/ P 1512 ymyiefeMbee the N received sanples in parallel. A DFT
unit 1514 el)é@;)erform an N-point DFT on the N received sanples and
provide N r dled Kywpoolsinfomatitiean due dre serscanUiFet), times sympbol-to-
recei ved synhgl.s.fyay, rﬁéb?h alsag an lo Q. 1sf algle &Es
transmtti ngrgﬁtgo Node” ]g Qmﬁetsp?ocgys %&iét)o rrgégm?g?wggﬁtsr g{)m &
i nf or mat i on wheptiers dimﬂae ﬂﬁf@rﬁﬁgﬂﬁemwig@dd@éﬁr L Heandomby Wiscrd 04 jenfaining
control infor

subcarri er dlegr%%égl%grgg@gl qu&%llgwm%%%%é\%ae r ece? QS g%f%%@??efs gcrtﬁal
t he Q subcarshamng pfmﬁcmntehé:ydﬁ azeeghﬂmtSIassa}gﬁeﬂiext pmﬁiﬁnm& dmattiomye.g.,
di scard the [ SR N recel Sy scal.e the
recei ved syn%o?133db%(;{fs%{‘fll q'fah%a 1s%%éc % a?n tﬁ SfﬁcaledS 3’ D Chf’)ﬁnei (?1
Unit 1518 messtifates met prpeité Qrdeedet ayidisdle CAh ODF{ ﬁmg1520nfﬁi}C[b‘Hi‘fdnm a Q- pomt

filtering, ti ) scaled s t.h .ch neI
gai n esti m?@)ﬁ % \ﬂeﬁ’éte% g@ﬁ@ﬁf‘@‘g Pg ﬁ%o%zs‘.%mﬂﬁ“? 'f’yl\%‘?if f4rs

ger f grlm a C?mtrzrgltllnfolafahdﬁg A bs @dzdeﬁa@qﬁ@\fidﬂ/diﬁlﬁf bl%.ted@ﬁmbcﬁl@ﬁ}rdi@ta@i ém RX
enodul at e ol s r data and ¢ ro nf or A P/LS 15 ma
provi de denoif RPERISE  Afbind f?aarpra‘aﬁ%é rppdyfstogyRiag! ?a?%rce%f@ég prrpERR O g

may provide ﬂﬁlﬁpﬁ!déﬁlvﬁﬂ) $537b@hih Ikl RO Bbsel sPmBEINRS 4ORX leBntPol processor
mul ti pl exer ; % 1532, whi ch na¥ provi de these synbols to an
0 &

control proc ropssors 1p3Qendsloa? ey b park gHR X5l %yorﬁ@l PEPESSff 12 2@in
data and congpQli2 PROCESS ?‘erCéISgJI'O[ 550 nfal; Céroo@% (eBX sﬁ%@l dBanﬁ Qi)%ﬁ@ér}e@ Bnd

enap dei nterl eave, decod

ma rocess
o oSS dptbaites Honodsial antbon i G oot oitsde iy s e ol
processor 15&%{:6@&% 11359 egltog%sq m?xy%ﬁﬁzﬁ& m %rf&ﬁtrgloﬂtfgé%latlon al}d

i nformation ‘and provi de oded con I nformati on .
ACK. [0095] | frovidndecoticd aahigeliufoimionnde. fcQbedarirgksent by UE 120, then

gg‘gg: ‘St o Oﬁqétﬁg%r u B colGORRRIRG s bl 15 R RY sl QYIS M) BERT Vol to-

subcarrier demapping unit 1516 may provide M received symbols from the M
subcarriers for the control segment assigned to UE 120 and may discard the remaining

received symbols. A CAZAC sequence detector 1530 may detect one or more



subcarriers for the control segment assigned to UE 120 and may

di scard tW@zo008/ei2md ng recei ved synbols. A CAZAC sequencECTHES®OT/ 014246
1530 may detect one or nore 061618 23 nodul ati on synbols nost |ikely
to have beenﬁggq% in a synbol period based on the Mreceived synbols
for that sy eriod. Detector 1530 may provi de denodul ated synbol s
for control information, which may be rmputed through multipl exer 1532
and provided to RX control processor 1552. [0096]1t is understood
that the specific order or hierarchy of steps in the processes

di scl osed i sp@MmiRNATPhEoI9 no@XERR! BvABRLABRNE S syﬁa&elmlu@@&eal%altw
preferences, it is understood that the specific order or hierarchy of

steps in t heepisdeyabslsfay tek syabyl eriekd Rekcios 1580naayi mgvidd demerduldied
scope of thesty%gglfelswn%m P‘@&nﬁﬁ&?%ﬁ&b’hﬁﬂ b@?%?ﬂthgéﬁgh%uﬁ%l&é?@hz and

el ements of the various steps in a sanple or are not neant to
be linmted trotidl tgFecednirel meatesor 655%ni er ar chy presented. [0097] Those

of skill in [bg,‘fﬁ&artlt‘f%”dgl &’%ﬂh@@ﬁec‘ifﬂa&r %ﬁé?@r%ﬁ;}’ecﬁeﬁg éﬂlgg?dcéssé@y

be represented using any o a variety of eren og|
t echni ques. dwmilosekmraplesgmplabiexcmpiary &mlwmhsx Reestuped slesigmpprefeneatésoi jis

signals, bi téndeé%ng%aﬁ thgrggec(i:thé Bsde{‘ %?thlgg%lypvol ?eggrlﬁ 103 %roce u%}guﬁe

t he above descrlp i on rep resent ed rren
el ect r omagnetarcanged/ @dijle neigaiaing cwﬂtlumlthhs sanpe e the (dlisebsurezpfhec a¢cofnpaaiy1ig

or particles n r 0098 Th se .of woul d

Pur Cher  appriePéd BRmEoERE Soibit ol T Pisout R80T F SRR ordif g 1€ Hof
mﬁdulj_es, I Ci ri@etnt ﬁ),befimdteah@méls@dﬂtﬂlcsﬁ'@b& Ifjielsmylbeﬂemaai conﬂeczjl on with
SR YRR ML VO Lo .
t hi s i nt er changpabinkddt ysirdf aﬂ?aéﬁja/\/aﬁr% Bﬂ dBRkdnedcBrold@ds! #idStechniques. For

illustrative conponents, bl ocks, ? circujts, and steps have
been descr i HEAMRISo U gEHBICHPSY C?W%@Fn‘é‘ GratiteSienglyy i Hibofs god chips

Wet her suchnfupg} iRNAlrENed ShiolRlogeRt @@bv@sciéaawe@rrﬁay%e SehkMaled by
depends upon the particul ar application and desig constraints

i nposed on t YRAAE eoUaTents s§ledtomaRRIir Maes, megresiadisldeey Parfiplee patial fiplds or

descri bed funcddiQn@lnl YohBinXhhdsays for each particul ar
application, but such 1§| h Pgrrenlt ati1on decisions should not be

i nterpreted B898ausTnge @f dleip av quidh &rtheomprévents deptheofariptselllpitagentogical
di scl osure. [,009 9115'&@91(@’%&%? hid YRLEAL YRpd AREEBEd Bh 0%k Recti B WP She

and circuits destr
disclosure herein may be implemented as electronic hardware, computer software, or

combinations of both, To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for cach particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.

[0099] The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic

device, discrete gate or transistor logic, discrete hardware components, or any



connection wth the disclosure herein may be inplenented or perforned
W th a gdvermBAoparjpose processor, a digital signal proceGEUS2008™)46
an application specific integrated circuit (ASIC), a field

pr ogr amabl eoe6q§3§ array (FPGA) or other programabl e | ogic device,

di screte gat transi stor |ogic, discrete hardware conmponents, or
any 061618 24 conbi nation thereof designed to performthe functions
descri bed herein. A general -purpose processor nmay be a

m croprocessor, but in the alternative, the processor may be any

convent i onalcopib@eR&s Mereof Atign@l @ herfefCheRittibM H&Erb@rnebdimt & general-
machi ne. A processor nmay also be inplenmented as_a conbi nati on of
conput i ng deRPRIESProgesgPr may HegRETRIcceRCToPutdn thoplteiefivg. the BrosprecRASY |
a plurality a@& cOhfeh @2 PH@eS0drS con@BRerOidiRoRirdllck, R REARCHARIHeS A Brocessor
conjunction with a DSP core, or any other such configuration. [001001
The steps ofmay dtlisdarplsmented ay 3 etmRitpsior pf eraepufipg doisdetd. crrombitatiphel
di scl osure hergip DAY 0be,is0bdied di r8ehhiy LR K %}9@ in of L war e
nmodul e executed by a Sr_ ocleg@or_,sgo_’rd% nﬁg (lz%rrtc)]?natiﬁlrr n S%O{Shem?vé). A\g@er
sof t war e noduicrepraggsspre & ehmjunatiRANItNE RSP goref dragh otrersuclyconfigvatiemor y
EPROM nenor y, R%ﬂ r regi rs IS r i

a CD- ROM or[etz}aﬁéfot er ?i%r}rﬁ(%f I%s g‘&f ééeal%}%%m&k%@%%n&gﬁ%ﬁgé '?W lq{Aaﬁ%
exenpl ary stdschgeemedinumy s goeodicd dircalytihdagdreceisowfiivachnddutexbded
processor cap read infornation .from dwite informati,qn to, the.

B or age meditnt Prreele Saft b R RURT o1 ol e MBIROMED s elifn

i ntegral to RAM pemegs Savh. mdihery pROVE agaiorng MPRIOM nsinaia GEETREIN Unem@Yy,

reside in an ASIC.. The ASIC may. reside. i user termginal.. In the
L ter nat | ve o RESALEY6 3roaAbHE st GPHRR e G g ot bdhum
di screte corpmowani thelaft. aAnSRMplLY BloRgt medRG1R Lidhel Priy potssor such that
description of the discl oaure IS, 1E)rovi ded trgg_‘ee}gabl e any, person

skilled in tRePRFESY GRS HPradian fiRe: grdwy Ematign (. Spsstorage medium.

nodi ficati ong thalfehRititd S5 BSHELM¥ilh nk§ Je8a@hhYoaRPpbeR ort Tht PRE&sOr
skilled in the art, and the generic pri nCI&ﬁl es_defined herein may be

applied to cuAdhe y@rasatmeHm Wraynssife departilhg ThodSthenaycgpde & atyser
di scl osure. gl tfﬁetheia%fngw Shd Prde@bor Mendedorh Fh%aihinniéﬁafﬁeesﬁ& jhe

exanpl es and desi gns described herein but is to be accorde
wi dest scopelissarissampenentyintaiseriernyrdlnci pl es and novel features
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skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the scope of the
disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[00102] WHAT IS CLAIMED IS:



nmeans for determning at |east one type of control information being
sent; means for determning a structure of a control channel
based on operating configuration, the structure being used for
mappi ng control information to resources for the control channel; and
means for mapping the at | east one type of control information to the
resources for the control channel based on the structure. 2.
The apparatus of claiml, wherein the resources for the control
channel include tinme resources, or frequency resources, or code
resources, or a conbination thereof. 3. The apparatus of claim
|, wher eiTHEt¢IRAIN® DESIHING TeH ERVENTIONY ARESAS wotnows: of a control channel
i ncludes determning the structure of the control channel from anong
a plurality ofl. st rdotappastusinpludimged for the control channel.

4. The apparatus o ny ane of. clainms Ito 3 , Wwherein the operating
confi guration "?egnﬁjft@f @?tgﬁma'ag 5511%58OB%tyB%f‘é’mréld\ﬁgnﬂﬁq%tqe&g,se ¥ user
equi prent  ( UEmeapdfor Gete@lihial a s@lictii@loa c¥hiR) ShdhntiNAsconl Pating
configuration is indicative of al]ocations for downlink and uplink,
and wher éppfigusgtionetia strachure being upsdfohgapiies canfrabinfrr@aten toresossas o5
channel i Ss..f;or determ ning the structure of the control
channel ggéééogqgﬁ(:hgg%nrlﬁs%gjry of the downlink and uplink allocations.

5. The appar atmssnofor alapping the abieastena typhef cwams infamatet @rthe resougee for
structure, of ﬁﬁﬁ@t regh cHan el includes determ ning the structure of
the cont M SOPfRheENng) hassd oBNSRHHEUFE of subframes al | ocated for

downl i nk and nunber of subfranes allocated for uplink as indicated by
the system configuration. 26 6. The apparatus of any one of
clains Ito 4, Znwher dhpappaeatypefietain ds whereiarthg revgees fenttheeantmobchanned
control channel includes ans for determning the structure. of the
cont ol HARASIm{ BSHEs o TRalons) Mo ko aht s P el BLE LT PR
control ahassfel, or the at | east one type of control information

bei ng sent, or an ampbunt of control information for each type of
control information being sent, or a conbination thereof. 7.
The appar at us 30f arye apirshs CHcRiIME, WwhéreR théVReARIfBr difmPlind £ARINPOES
type of control infornmation being sent includes acknow edgenent (ACK)
i nf or mat i o%Pntrahehapped insludes datermiring theostrugeres fthseangot ¢henedl froat amangef
the contr : ' m ning the structure of

t he cont r'g{"mg Zdri:ge ct‘%@%%%ggﬁ%@g@éSéﬁhﬁd?f@&%&()f hybrid automatic
retransm ssion (HARQ processes to be acknow edged by the ACK

i nformation. 8. The apparatus,qf. any gne of .clains 1 to 7,
wherein the méhns {15 PRIBHFRG KENSH TS ( 6 e WhgHE tF OBGHINEO|

i nf or mat | Afipialistiie JelB@dned bRtd FRPRIADRBERaliND8r Ber sfﬁl;srﬁ&h (UE)
information to a respective portion of the resources for the control
channel bdfgurgiion, ebafh,warein ghe system configuration inipgigptivens abecations fohe of
clains It . Lt : t : tLol. i '
bei ng sen%bv%élg}éﬁgigﬁlgﬁ [ %%c»ﬁﬁfﬁéﬁgF}Féq'{lj%ﬁ?{‘);%?tglﬁggggge {t%&ukergﬁ@%&ﬁg? |pon,
or only achenueMiretiglesmmesns(féCiterminfing thatiraryre of the @bitrdCChanarichadédon

i nformation, and erein..the ns for .mapping the at | east one type
of contro?syf"megyﬁﬁheéﬁwf‘lﬁlfﬂ@@ﬁﬂéau%ca?'?ﬂs' mappi ng the CQ
information, or the ACK information, or both the CQ and ACK

information to the resources for the control channel based on the
structure. 5. The apparatus of claim 4, wherein the means for determining a structure of

a control channel includes determining the structure of the control channel based on
number of subframes allocated for downlink and number of subframes allocated for

uplink as indicated by the system configuration,



10. The apparatus of any one of clainms 1 to 9, wherein the neans for
determ ning the structure of the control channel includes neans for
determ ning the structure of the control channel further based on
whet her or not data is being sent, and wherein the control channel
includes a fixed anobunt of resources en data is not sent and

i ncludes a vari abl e anmobunt of resources when data is sent. 27 11.
The apparatus of any one of clains Ito 10, further including: neans
for determ ni g W1ghdigton B0 Ied chiel 8 S8cin the mealERARS T 07
determ ning the resOurc t’he contro annel 1 roma control
segnent idbtedainmgiastmatretdiargnisdrthannehlcludes meane & sleteominthgtuey mumum

t he resourges for channel from a data.s nt ais

bei ng seﬁ? the fRuirelie hawﬁf%&%ﬂ%ea 4 WARATAUNG deeHBeHES I s"@@'ﬁ%lrf}l Lﬂby

differ entthef:It%M@dee(?ﬁ'%ﬁtﬂﬂ%formatloﬂgemgg&tQﬁﬁﬁﬁﬁb&#ﬁ oPtorfifdy one of

clains Ito 11, further includ mP means for processing the at | east
in

one type igfPression e eaphivee abeangal informetor bringsentupr ncemifination therenfessi ng
schene if data is not being sent; and means for processing the
at | east one type of control information in accordance with a second

processi ng schieme [The gipamtisof by o sfetiims 1 to 6, whelen thtaeleappae gbeisf Of
claim 12, wherejn the neans for processing the at | east one ;t%pe of

control SRR RfpTRAtion heing st d s piknpwiedgermant (AeBtivsymagon @
i ncl udes: ywherein the MRARSTof Qéterﬁ)ﬁlﬂﬁ %l?e' mn%ﬁrheoﬁﬁe daast chgﬂf'el #%Rﬁeso :ﬁ‘@nt rol

information to obtain rmdulal ating
a CAZAC (ferotetarmintingiip siruatere Oﬁéneaomml@hmakﬁeﬁhanbaw)i oselqubnx:@ hybtih each

Cequonce e PabiiRaT 1 RROP L Re RSB RARRRRG R B ARt ome

type of defimaloni nformation includes neans for mappi ng nodul at ed
CAZAC sequences for the nodul ati on synbols to the resources for the
control channel. 14. The apparatus of claim 12, wherein the

means for progessi e kffarals Jre@ay bndRIAiMPE 97, »Qf%’ﬂénﬁ me rﬁé&ﬁ@fﬂab&ﬂg' n
accordance with the second processing scheme includes:
the at least one type of control information includes means for mapping each type of

control information to a respective portion of the resources for the control channel based

on the structure.

9. The apparatus of any one of claims 1 to 8, wherein the at least one type of
control information being sent includes only channel quality indicator (CQT) information,
or only acknowledgement (ACK) information, or both CQI and ACK information, and
wherein the means for mapping the at least one type of control information includes
means for mapping the CQI information, or the ACK information, or both the CQI and

ACK information to the resources for the control channel based on the structure.

10.  The apparatus of any one of claims 1 to 8, wherein the means for
determining the structure of the control channel includes means for determining the
structure of the control channel further based on whether or not data is being sent, and
wherein the control channel includes a fixed amount of resources when data is not sent

and includes a variable amount of resources when data is sent.



means for processing the at | east one type of control information to

obt ai n nodul ati on synbols; 28 means for conbining the
nodul ati on synbols for the at | east one type of control information
wi th nmodul ati on synbols for data, and wherein the nmeans for

mappi ng the at |east one type of contyol information includes neans
for mapping the conbi ned nodul ati on synbols to resources for a data
segnent, and wherein the resources for the control channel are a
subset of thefesogpcas LAl Jrafy datd BRATPY 10, further incfidingl Ne
appar at us of cFai m 14%3%5\ ferei nﬁ{ﬁ? mgansg?or fralbphFBB’Ct areng'conbi ned
nmodul at i on symizehsfor detrudeisg whether ormetdesa fsdreingrsemtsf or mi ng t he

conbi ned nodul ati o nbaol.s fromtinme.dgnmain to, freguency domain to
bt ai nf 1 6que MM SRRy e dledeRoutgitor e conrahame iR SoRE e

f r equenc gegdpemifiatyiv el beidgQedthend esources for the data segnent.

16. A method including: determ ning at | east one tyge of contr ol

i nformation béieags Hedgtermining theaesuraen for ghescogtreipbennebirom agasagment
n | AR . . on. . q
channe .t?f"cga‘?éjls%@mgﬁgftﬂ\%hﬁgn?l?erlfohgb'l REhE and Bl%fdgfrars?@ném %c{%ﬁgpﬂgeg&?

r
0O resources

for mapping contr ornati on € con annel ;
and fregppicpdoctiensat | east one type of control information to the
resources for the control channel based on the structure. 17.

The net hod of claim 16, wherein the operating configuration is

determ ned baged onpg¥sfapMscaRh) G4 Sdldfs 1 X 1 UF@khee fidivamRnt (UE)
configuration, or both, wherein the systemconfigurationis

i ndi cati ve of mgahpipaprogessingdie adeosl dnglkyngroed copiral ikprmation whaseesdancehe
det er m ni L ur f . ntrol channel includes determ ning
458 AbAShE el A P BRla GhERRE

the structure o a" of asymmetry of the
downl i nk and udahsifor grbeeesddg B st least one type of control information in accordance

with a second processing scheme if data is being sent.

13.  The apparatus of claim 12, wherein the means for processing the at least
one type of control information in accordance with a first processing scheme includes:

means for processing the at least one type of control information to obtain
modulation symbols;

means for modulating a CAZAC (constant amplitude zero auto-correlation)
sequence with each of the modulation symbols to obtain a corresponding modulated
CAZAC sequence; and

wherein the means for mapping the at least one type of control information
includes means for mapping modulated CAZAC sequences for the modulation symbols

to the resources for the control channel,

14.  The apparatus of claim 12, wherein the means for processing the at least
one type of control information in accordance with the second processing scheme
includes:

means for processing the at least one type of control information to obtain

modulation symbols;



18. The method of claim 16 or 17, wherein the at |east one type of
control information being sent includes acknow edgenent (ACK)
information, and wherein the 29 determning the structure of the
control channel includes determ ning the structure of the control
channel further based on nunber of hggri d automatic retransm ssion
(HARQ processes to be acknow edged by the ACK information. 19.
The nmet hod of any one of clains 16 to 18, wherein the determ ning the

structure of . i 'Q' L re
of the contro%@ﬁﬁ%@f%ﬁ?ﬁ%%ﬁ@gk n [gﬁhg{e%rhﬁgp (t}gteg%lédé gi ng
sent, andhfwineatien withimeodotatibn symisiafondbtajandl udes a fi xed anmount of
resources when,data,i s not. sent .anﬂei% cl udes a vari abl.e. anount of

resour ces whelMg&IANS Wews fpr mapping the gijeaspne tyng of canie! IRfrmEn of

clai ms 1léhchiled fheardsUbi Mpihd Gk dethkided fedRAtMEntyRBoMetebRIrca foridatat a
is being sent; determ ning the resources for the control

channel £¢a5anh apdheisin e ippureesi ipr tiacentios chipnelises nepbse of theggpgurces
determ ni ces for the control channel froma data segnent
if data ifés}qgéeﬁbﬁ%jgeg%%w{ wherein the control segnent and the data
segnent occupy different frequency | ocations. 21. The nethod of
any one of cl erein the at | east_one t.ygﬁEof nt r ol

i 6 to 20,
i nformation b %-ES imp%?mw glainp b whereim the megunfor mpppiRg the LoBPIEEQ )

i nf or mat ixQaulafbn HMbbIAGKRAN: edgenent (ACK) infornation, or both CQ
and ACK information, and wherein the mapping the at | east one type of

control i nfor mgensdar iransfareéng thappntined medubdionispnbelgriiomdime dnmaimie ACK
i nf or mat i;Qn, : ' Li to the resources for
the. cont 1ToReesG AR 8 88geol Ay ShiRal REER, bR 10,112

machi ne- r eadaleensfedimappingchaficquendyrddivaircsyindiods tofdieabsouvdee for eheadntt ed
by a machi ne, cause the machine to perform operations to inplenent
the met hé®#Btany one of clains 16 to 21. 23. An apparatus incl udi ng:
nmeans for determning at |east one type of control information being

received,
16. A method including:

determining at least one type of control information being sent;

determining a structure of a control channel based on operating configuration, the
structure being used for mapping control information to resources for the control channel;
and

mapping the at least one type of control information to the resources for the

control channel based on the structure,

17.  The methed of claim 16, wherein the operating configuration is
determined based on system configuration, or user equipment (UE) configuration, or
both, wherein the system configuration is indicative of allocations for downlink and
uplink, and wherein the determining the structure of the control channel includes
determining the structure of the control channel based on asymmetry of the downlink and

uplink allocations.

18.  The method of claim 16 or 17, wherein the at least one type of control

information being sent includes acknowledgement (ACK) information, and wherein the



30 means for determning a structure of a control channel based
on operating configuration, the structure being used for mapping
control information to resources for the control channel; and

means for receiving the at | east one type of control information from
the resources for the control channelpgbased on the structure.

24. The apparatus of claim 23, wherein the operating configuration is
determ ned based on system configuration, or user equipnent (UE)

confi gur @Etegﬂm@zh@gmmra\@%@tahnfoh@hawatlﬁdm&g a&&&%a& Qs thuSture of the

i ndi cative of allocations for downlink upl i nk, d wherein the
means f orcogealshenngl ﬁwgh@mse;dtqnmnheeotafybtlﬁeutemﬁw @Fra@smasﬁm (HARQudes
means for ] ontrol channel based on
asynmet rfr&ggs%w% Q’i‘ Ed%ﬁ %9%91 ]lg(?lgff){ng%g i ons. 25. The
apparatus of claim23 or 24, mhereln the at | east one type of control

o DO e S b At B LSS 0h e rimnae o

t he contr, I of
Lhe cont i Bl copfieh i) (ERAE deim i CERRIGe b SbANA cHifc

r et r ansnifaghes haseHlaR@heheneows data isheing sacﬂxmwwge@etﬂpntrwe:hm@ml
i nformati.o he appar at,us ,0f .an to 25,
wherel . tifidides  fved ERowt DErRRRe e 8l £ B EnSinc e LTiPls

channel i#ubdETestRRBSWhet ddeisgenri ni ng the structure of the contro
channel further based on whether or not data is being received, and
wherein the control channel includes a fixed anbunt of resources when
data i s not rggelqu gt H ?Lﬂd§§ dihgsources when
data is received. 27. The gp rat chégﬁiﬁghgggﬁgyahpgpHé§23 to 26,
further incl ucﬂcmgnnnngarisztﬁeonrniﬂtdeuanibmmmsemet her or not data is being
recei ved; urces for the c
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means f ornotlbtigg penkiang t he resources for the control channel froma

data segnent if data is being received, and mhereln the contro
segment and tﬁéte&atw%E@WéWrC%éeﬁggcmtw ghaang! fropeg dmegementid driais .

28. The m@@ﬁwh%maﬁyc@ﬁ%x &fgnﬁh@anash@&tmg%@m dﬁ’@lﬁfg@hﬁe&rﬂ%eﬁ&eﬂ&aﬁ

one type of confrol information being received includes only channel
qual i ty ilaeHtieas-or ((XJ) information, or only acknow edgenent (ACK)

information, or both CQ and ACK |nfornation, and wherein the neans
for receiving the at | east one type of control information includes

means for receilvi ngheheetHddofany onddictadis 1®©lo 20NFhAGH theii0edIBdricape 7
both the CQ and ACK information fromthe resources for_the contro
channel baEg! igfprnptiondheingsentipcludes only channel quality indicator (CQI} information,

or only acknowledgement (ACK) information, or both CQI and ACK information, and
wherein the mapping the at least one type of control information includes mapping the
CQI information, or the ACK information, or both the CQI and ACK information to the

resources for the control channel based on the structure.

22. A machine-readable medium including instructions which, when executed
by a machine, cause the machine to perform operations to implement the method of any

one of claims 16to 21,

23.  An apparatus including:

means for determining at least one type of control information being received;



29. A nethod including: determning at | east one type of control

i nf ormati on bei ng received; determning a structure of a
control channel based on operating configuration, the structure being
used for nmapping control information to resources for the control

channel ; and recei ving the at lkgast one type of control
information fromthe resources for the control channel based on the
structure. 30. The nethod of claim 29, wherein the operating

confi gurat i oNpjegnsd6t hdHNMAAL D ARRHOBf & YHuBNEHaRRd b844H Bh iopitatiy USer
equi pnent (UE) configuration, or both, wherein the system

conf i gur genfignration;] theipteweture being useld Iforomanpingsoniel itownatianko sasdurags fonk,

and wher gj .M.ping the structure of the control channel
i ncl udes%g&oé{?ﬁlicﬁﬁ]ngigh&; structure of the control channel based on

asymmetry of tdesnscformebéivikg aecht Lakti onk tyglelo@ e@itiod Sormation from the resources

for the control channel based on the structure.

24.  The apparatus of claim 23, wherein the operating configuration is
determined based on system configuration, or user equipment (UE) configuration, or
both, wherein the ‘system configuration is indicative of allocations for downlink and
uplink, and wherein the means for determining the structure of the control channel
includes means for determining the structure of the controf channel based on asymmetry

of the downlink and uplink allocations.

25.  The apparatus of claim 23 or 24, wherein the at least one type of control
information being received includes acknowledgement (ACK) information, and wherein
the means for determining the structure of the control channe! includes means for
determining the structure of the control channel further based on number of hybrid

automatic retransmission (HARQ) processes to be acknowledged by the ACK

information.

26.  The apparatus of any one of claims 23 to 25, wherein the means for
determining the structure of the control channel includes means for determining the
structure of the control channel further based on whether or not data is being received,
and wherein the control channel includes a fixed amount of resources when data is not

received and includes a variable amount of resources when data is received.

27.  The apparatus of any one of claims 23 to 26, further including:
means for determining whether or not data is being received,;

means for determining the resources for the control channel from a control

segment if data is not being received; and
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means for determining the resources for the control channel from a data segment
if data is being received, and wherein the control segment and the data segment occupy

different frequency locations.

28.  The apparatus of any one of claims 23 to 26, wherein the at least one type
of control information being received includes only channel quality indicator (CQI)
information, or only acknowledgement (ACK) information, or both CQI and ACK
information, and wherein the means for receiving the at least one type of control
information includes means for receiving the CQI information, or the ACK information,

or both the CQI and ACK information from the resources for the control channel based

on the structure.

29. A method including:

determining at least one type of control information being received,;

determining a structure of a control channel based on operating configuration, the
structure being used for mapping control information to resources for the control channel;
and

receiving the at least one type of contro! information from the resources for the

control channel based on the structure.

30.  The method of claim 29, wherein the operating configuration is
determined based on system configuration, or user equipment (UE) configuration, or
both, wherein the system configuration is indicative of allocations for downlink and
uplink, and wherein the determining the structure of the control channel includes

determining the structure of the control channel based on asymmetry of the downlink and

uplink allocations.



