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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.

[0003] Generally, a wireless multiple-access communication system may include a
number of base stations to simultaneously support communication for multiple mobile
terminals. Each mobile terminal communicates with one or more base stations via
transmissions on the forward and reverse links. A reference to a “downlink” refers to
the communication link from the base stations to the terminals, and a reference to an
“uplink” refers to the communication link from the terminals to the base stations. The
system may support operation on multiple carriers. Each carrier may be associated with
a particular center frequency and a particular bandwidth. Each carrier may carry pilot
and overhead information to support operation on the carrier, and carry data for

terminals operating on the carrier.



SUMVARY [ 0005] The described features generally relate to the uplink
transm ssion of downlink channel quality information neasured at a nobile

t ermi nal .wBuntihené2g3cope of the applicability of the invenrivseolaspssss wil l
beconme apparent fromthe foll owi ng detail ed description, clains, and

drawi ngs. The detail ed description and specific exanples are given by way
of illustration only, since various changes and nodifications within the
spirit and scope of the description will becone apparent to those skilled
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codi ng, and mapping for the uplink control channel may be fl exi bl e based on
t he nunber of activated carriers. The feedback cycle for the channel
quality information may renai n const thmAﬁyone exanpl e, channel quality
information is grouped for one or nore carriters in a single codeword. The
codewor d may[0085]r epleatesdibell fragdiyRertaiypkRE, to eheapsmandmission epdatdidk and
power consunption in.a.transmtting device is reduged. [0007] In one set of
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interval when there is a first nunber of activated carriers in the
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control channel responsive to the repeating. The uplink control channel may
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first codewogdi@ngrelit@gsecond codeword for transmission within a slot of a
transmt timng interval. Configuring the uplink control channel may
further incl gy entadl0d of WOERIGNERENbErR wHRRAANMERS R indil Vat ed
carriers in the plurality, acknow edgenent infornation Y'or ‘one or more
carriers usi esgimatinghé¢hadnat qudinomdiormatieh foepplatalingoftdeentiti sadriacodedvor d wi t hi n
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interval. Configuring the uplink control channel may include configuring an
upl i nk cont r 81 €E¥RFHEBhsed at | east in part on whether one or nore of the
plurality of downlink carriers are configured with M MO. Configuring the
uplink control channel may include using a first spreading factor for a
portion of transmt timng interval when there is a first nunber of
activated carriers in the plurality; and using a second spreadi ng factor
for the portion of transmt timng interval when there is a second nunber
of activated carriers in the plurality, the second nunber different from
the first nunmber. Configuring the uplink control channel may include
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acknow edgenent information for the one or nore carriers using a codeword
signifying a discontinuous transm ssion. Configuring the uplink control
channel ™Y 20nicloede mapping a first carrier to a first poTUSeI10246a3
transmt timng interval when there is a first nunber of activated carriers
in the plurality; and mapping the first carrier to a second portion of a
transmt timng interval when there is a second nunber of activated
carriers in the plurality, the second nunber different fromthe first
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f eedback enc%ﬁ&ft' gﬁf&{@?qﬁgﬁxw %{h){nﬁl@?]p{%@%h ttl'ilﬁlll Giannel by groupi ng,

when a first ra |ty 0 carriers are activated,
channel qual i nf.ormat.i o rier rst .codeword; and
oot na Lol iR e B Bfetoh r?)lf“‘El%{ln?’]:IEWstlPd? e g R R a2
f eedback enCQﬂQMCﬁﬂﬂwkﬁHﬁﬁMnﬂﬁﬁﬂmﬁwwUhﬁmum&kﬁkmﬁﬁﬂ%ﬁmhmﬁmﬁmﬁﬁhc&&wenCOdlng,
when there is a second nunber of activate f rs in. @Pe‘ﬁﬁdrmlt
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channel qual ?”c(&/”leﬁ‘?ndrcﬁﬁ‘cef%ng‘% rsteodpy g ag 'f‘ cflgpmentiy Ehor d and

channel qual ity chriibOEsitd REoIRbdEy &AM drobping uerﬁrstréo@ev&dm adl Gogewkr d; and
groupi ng the second codeword and. the third codeword for transnission within
the portion &f deywprd Ty g pyspion lwhtpwgl Sl eE# {rasmit timing interval. Configuring the

uplink control channel may include encoding acknowledgement information for one or
more carriers using a first codeword for transmission within a half-slot of a transmit
timing interval. Configuring the uplink control channel may include configuring an
uplink control channel based at least in part on whether one or more of the plurality of
downlink carriers are configured with MIMO. Configuring the uplink control channel
may include using a first spreading factor for a portion of transmit timing interval when
there is a first number of activated carriers in the plurality; and using a second spreading
factor for the portion of transmit timing interval when there is a second number of
activated carriers in the plurality, the second number different from the first number.
Configuring the uplink control channel may include encoding, when there is a

discontinuous transmission for one or more activated carriers in the plurality,



[ 0015] The feedback encoder nodul e may nodify the uplink control channel by
encodi ng, when there is a first nunber of activated carriers in the

pl ural i t woaockimowd2edgenent information for a first carriper/tzadi1a24ezond
carrier using a first codeword and acknow edgenent information for a third
carrier and a fourth carrier using a second codeword; and grouping the
first codeword and the second codeword for transmssion within a slot of a
transmt timng interval. The feedback encoder nodul e nmay nodify the uplink
control chanpghoRd@AeAintBmatMIa0r the 8 Eorlord caR&9 Rn M BRR K oRf si@éh/ ingat ed
carriers in the plurality, acknow edgenment information for two carriers

usi ng a t hi r §diseaEnug razgssiosp £bfigging e wohink eontiobereRed may insiwdet he sl ot of
the transm t pbium 0grikMlHY R a AlkPForliGLoRARKs AR GRS infRAM Ber Wi IRLELY the
uplink control channel by encoding, when there are three activated carriers
in the pl uranimber oheskirieid eseigsrthe plufagiyirand wappingrthefifst gagrer ¢ag dcend and a
second carri US| A e k ration for a
R rd carrl el g e A R e b Al ¥ R8hor . and
the second cuodkswndlifyothetsecand mimslyr diffewdnt from the Sisotundkr.a transnmit timng
interval. [0016] The feedback encoder nodule may nodify the uplink control
channel by ene@di nQoEkiriogyvhe dpleikasohtrolchamebhayoinciiids idemtdyiag attedsefoaar ri er s

using a first codeword for transm ssion within a.half-slot..of a transm t
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t he uralit aCckKno e enent | or ti1on or t one or nor 0 t he

act i \F;at ed cagﬁrie’é‘?‘é‘m@%ﬁﬁ‘ﬁgc&“t? ?EP@?@HI?WF%H%}- &03 FHiE mfdw@nk

transni ssi ongonlldBchafRY BRAG kncRiAe QRtafifyTHRALH@HTRYT AR fumtRAoURidK control
channel based at_ |east in part on whether one or nore of the plurality of
downl i nk car MeRHEIng petivation pfgaedditiona paripmind chargingeafaertiaRidisarlifodul e may

modi fy the upldudkcHaRil FRporkNaRNEL aliatist A9headhitiond] caRiceadi ng factor for a
portion of a transmit timng interval when there is a first nunber of

activated cafjol sy sul flohBEcPUHUEAhEY » Bl HELAG B REGENL.BRRGRAAG T act or
for the portion of the fransmt timng Interva en there 1s a second
nunber of acteyarckde e ahanndrgsality itformapbumadsutepent hedwecofigunditvystimate f f er ent
fromthe f1r sl RiTBaG: o8l SERPE S SRFALEN TRAUGr Ty TRl LS 4P K
control chanhel %ﬂ ITB.)pr ng atirst Carrier o a 1irst portron of a transmt
ti m ng i ntermatiuledvemntunentdvelyscoapled with thewinerel @faligahfovaited ncasurérees i n t he
plurality; and ppi, N he first..carrier t second portion of a transmt
Uiming | nt er Pafguan comeped s mseRinith el oBrsa Beel at kb RapriBas i n t he
plurality, thenlsecdntivired ¢drods tithd ploatity. fromthe first portion. In one
exanple, at least four carriers are activated, the four carriers associated
with a | ogi cfijo1equetesdackodndsder nRblc WS Mo tRfuplifiecditrol @astel bpur carriers
are de-activated, the |ogical sequential order _ofp t he remaini n? active
carriers is ppedigegeadawrd foe aprivhRl TERSMYIINERRIRIETa] Whep BRSinRASExanpl e,
the channel guabd: b¥adi0ied ERtidOM HRAGHYETEM usiRAUli&d ddled bl RRheGRR{dngured to
identify a first nunber of carriers; and identify activation of an

addi ti onal celfrth¢ Bansmairining mtdres sthale et perspndypuriiceof astivaied daerercionlid gur ed
to nodify copfj i i Sha NS to the
activation oplfu%a%g g‘%é?@?g%%%&%gﬁ%r%nr@ﬁoﬁ%%@?{?n aﬂgﬁkef%&%gt ok&gﬁarrpl es, a
devi ce for wnpdilegsy owdifuthicoatinlomtrplmbhugdbly repeatisg & opdemstd imattiangnic hannel
quality infoppati.on | & ity Link c j.ers; reans for
configuring %%ﬁ‘éﬁﬁf‘ﬁ Bé%%eg%ckugghag%ﬁnlgﬁg%’g%é% 1%@6 eogg{ £e?1£111%%1ar?%i5g%sﬁ:§egtonunber of
activat ed catheirgpesitiom Thadeqdback@he¢ddyr mddvde meamsinfanr a coosthntgerdbads cyble upl i nk
control chanpel.. i ncl ud ans, for repeating a codeword within a portion
of a transni Orfjif%?%bml“ﬁtfeésr&aafng %ﬁa{f}%sre is a first nunber of activated
carriers in the plurality. The means for configuring the uplink control
channel may lﬂﬂi‘!ludgh#@%ﬂft@d?%oc}eéaw PRgaySety iy WRibeinfre! Cﬁ]@%@&@

transm ttingelohigingliticR % fERRALMBr of BRPNESAI) BERAWITN Cartibrs bRQchi@Rat i ng. The
means for configuri n% t he UF| i nk contraol channel nay majintain a constant

f eedback cycFRENAYAURTY ErEMEOmMRD EFs cricTdR £ fiparelynelk ArdRSatithEeans f or
configuring tQRwHRIihBKoGBRLE PlrakRaNRGhe R NEhULEIIBEAR 0 4R nfoak nGYyr € an
uplink control channel based at |east in part on whether one or nore of the
plurality of downlink carriers are configured with M MO. [0018] In another
set of exanples, a conputer program product includes a conputer-readable
medi um wi th code for causing a conputer to estimate channel quality
information for a plurality of downlink carriers; and code for causing a
conputer to configure an uplink control channel based at least in part on a
nunber of activated carriers in the plurality. There may be code for
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[ 0019] A further understanding of the nature and advantages of the present
I nvention may be realized by reference to the followng draw ngs. In the
appended woQuorie®p623i m | ar conponents or features nmay haPeTiuse013apas43
reference | abel. Further, various conponents of the sanme type nay be

di stingui shed by follow ng the reference | abel by a dash and a second | abel
t hat distinguishes anong the simlar conponents. If only the first
reference label is used in the specification, the description is applicable
to any one ofoliieths uplidkonGONRARNGINySenBeMhd) W hb N BeRATE sdcbiSiuniRf 6 ence | abel
I rrespective of the second reference |abel. [0020] FIG_1 is a block

di agr am of a2qtiyefedcutiere gstheplyradify. iannel guphitt ifermagomEr #birs c¥tipsy 8t ens al ong
wWith its intgriaC&AckdaRd &hadfd qHARY inBHHaBEERE & sdcBREkidF G thidi S 2
sinplified representation of a cellular communications system [0022] FIG
3 is a bl ockeddicwgidamdogrowpinpghe saspnddodevierd epdriba hiteaodorord yarttepmipe¢e a Node

B and a radi Q. hgt ' oXo) al&hit LiRkEr ik (W th a packet network interface.
[0023] FIG 3 l‘awt{)o%é@k&fﬁlfeagarg‘%%td B AL ™ oqui pent (UE). [0024] FIG 5

is a functio bl ock. f].ow di agram,of si gnal,s ..t hr h structures of a
P ansm 1 or ML PSRt eBSE BT, iy SRR ol RHOEREL A BR P ( Sozg,
FIG 7 is a bicodikgdilagianm of fan nembadé nctivadd karitnlin te phlbdlite t er m nal

acknowledgement information for a first carrier and a second carrier using a first

codeword and acknowledgement information for a third carrier and a fourth carrier
using a second codeword; and grouping the first codeword and the second codeword for
transmission within a slot of a transmit timing interval. The feedback encoder module
may modify the uplink control channel by encoding, when there is a second number of
activated carriers in the plurality, acknowledgement information for two carriers using a
third codeword; and repeating the third codeword within the slot of the transmit timing
interval. The feedback encoder module may modify the uplink control channel by
encoding, when there are three activated carriers in the plurality, acknowledgement
information for a first carrier and a second carrier using a first codeword and
acknowledgement information for a third carrier using a second codeword; and
grouping the first codeword and the second codeword for transmission within a slot of a

transmit timing interval.

[0016] The feedback encoder module may modify the uplink control channel by
encoding acknowledgement information for one or more carriers using a first codeword
for transmission within a half-slot of a transmit timing interval. The feedback encoder
module may modify the uplink control channel by encoding, when there is a first
number of activated carriers in the plurality, acknowledgement information for the one
or more of the activated carriers using a codeword signifying a discontinuous
transmission. The feedback encoder module may modify an uplink control channel
based at least in part on whether one or more of the plurality of downlink carriers are
configured with MIMO. The feedback encoder module may modify the uplink control
channel by using a first spreading factor for a portion of a transmit timing interval when
there is a first number of activated carriers in the plurality; and using a second spreading
factor for the portion of the transmit timing interval when there is a second number of

activated carriers in the plurality, the second number different from the first number.



[0027] FIG 8 is a block diagramof a control channel configuration for
transmtting channel quality information (CQ) and acknow edgenent data
when fourwbi2Md/wes2ri ers are activated. [0028] FIG 9 isPaThisoei/ogicasr am of
a control channel configuration for transmtting CQ and acknow edgenent
data when four non-M MO carriers are activated. [0029] FIG 10 is a block
di agram of an alternative control channel configuration for transmtting
CQ and acknow edgenent data when four non-M MO carriers are activated.

[0030] FIG % feSduacibéme6ler doadikc dhy Moddry @RIl c&hdNAORhnd 8P Hiagpr@h i on for

transmtting CQ and acknow edgenent data when three carriers are
activated. [Oosaqriqriep figspperionofs oMY tigyreaificor! whaohere & 2 Embnber of

confi gurati ofeefOkd L4rANS m tht gmgahg%nm ﬁemseggﬁaﬁ@a s&lBh@pIbsToftano
carriers are activated. -16 are bl ock diagrans of various

control ¢ hanﬁ@sntttdmln@mm‘fﬁl (Wh@n there it ¢ gagend nunbegofaskyrsed edgpamaihic dat a when
two carriers [ e I [ of
Plﬁfa%?ﬁgltﬁ r?eﬁ%hggnl?lblq 91%1%}611{: fr@ghe]fzrstgp%rt% Il‘?orpe eg%ﬁd)lg th&%{m

vari ous cont C I gur ati1ons or ‘t ansmtti ng
acknow edgentut calatraashetyatedothe &ur cariers asseciated ivith e dabica] gg8aitiaFir®r; 20 is a

flowchart il ]aﬁ“fis&ﬁe%to'ng 9t @D af 1@&%1[ FonF&trﬁéré 24 dg ct?vagé\g thl {o%ﬁgmeaéenf) D order of

the remaining active carriers is preserved in the uplink control channel. In another
example, the channel quality information measurement module is further configured to
identify a first number of carriers; and identify activation of an additional carrier; and
the feedback encoder module is further configured to modify configuration of the uplink

control channel responsive to the activation of the additional carrier.

[0017] In another set of examples, a device for wireless communications includes
means for estimating channel quality information for a plurality of downlink carriers;
and means for configuring an uplink control channel based at least in part on a number
of activated carriers in the plurality. The means for configuring the uplink control
channel may include means for repeating a codeword within a portion of a transmit
timing interval when there is a first number of activated carriers in the plurality. The
means for configuring the uplink control channel may include means for reducing
power in a mobile device transmitting the uplink control channel responsive to the
repeating. The means for configuring the uplink control channel may maintain a
constant feedback cycle for different numbers of activated carriers. The means for
configuring the uplink control channel may include means to configure an uplink
control channel based at least in part on whether one or more of the plurality of

downlink carriers are configured with MIMO.

[0018] In another set of examples, a computer program product includes a computer-
readable medium with code for causing a computer to estimate channel quality
information for a plurality of downlink carriers; and code for causing a computer to
configure an uplink control channel based at least in part on a number of activated
carriers in the plurality. There may be code for causing a computer to repeat a
codeword within a portion of a transmit timing interval when there is a first number of
activated carriers in the plurality. There may be code for causing a computer to reduce

power in a mobile device transmitting the uplink control channel responsive to the



[0035] FIG 21 is a flowhart illustrating an alternative inplenentation of
a CQ transmssion. [0036] FIG 22 is a flowhart of illustrating an

al t er nat iwe 20niploaszent ati on of a CQ transm ssion. DETAI PEDUSEBTRR46TI ON OF
THE | NVENTI ON [ 0037] Systens, nethods, devices, and conputer program
products are described for transm ssion of downlink channel quality
information in a nmulti-carrier wireless comuni cati on system Channel
quality information (which nay also be referred to herein as " ") may be
estimat ed f ofepgatilMPRdre By GOVRUeitHCaGREd d &nfrutefid doRFbRK a&@@w%n@&annel nmay
be configured based on the nunber of activated carriers, and whether those
carriers arechosnd bagd adegst inpagonmyhethsuane o or ofdheplyteliyaf dewnliéncodi ng, and
mappi ng for gg}gerygllecgllﬁ]#%tv{;lng@M@nnel may be flexible based on the nunber
of activated carriers he feedback cycle for the channel quality
information may remain constant. In one exanple, channel quality
information is grouped for one or nore carriers in a single codewrd, and
t he codeword may be repeaBEI:EE DESERIPATON iOTSTIAR ORAWINGS ore exarrpl es a
codeword is at cons rrptlon i,n pransm ttin eis
reduced. [oo@g?ﬁTh‘?g“ ‘EOF\S?%“ mgﬁr s aélga%“lne'“‘ g onr%S"*g“ Vel nded to
limt the scopgbe a:p}nieddmbefbnehqb to @ie fcldnﬁmgdmahgmnma& iﬁpmdenvgmm on. Rather,
the ensuing description w |l ose kIIedlln eartvvlth an
enabl i ng destPBt{GROPYYS ?ié?)aé‘@?ssm?% atVﬁ SRV T O 4l i FOTLe YR s may be
made in the wﬁp‘oﬁlbmmoﬂn@lsaa{ertmﬁmdlm‘ng@lhmptfsuomﬁ@mutef&e@anaﬂen@af romthe

spirit and sgope of the invention 039] Thus, yarious enbodi ts may

omi t. subst i tihand %f»ecgseﬁdla%mab@éﬂwgg@&a]wég q@rsnﬁ‘gaﬁﬁ%‘ﬁ%‘ﬁ?‘%ts a¥ Oﬁg'Sig?Jpr i at e.
For i nstancefirst fefdRb lMeeuRRM B6 bRcBRafidhathe UBRripRINOaSH lio@le Penperd or med in
an order different fromthat described, and that various steps may be
added, omi t t glthe gmilaispEipaadts having therS@a}F@r%éef%r@gc@rl@bsblareweﬁ%ver%ﬁect to
certain exanplgsi ARYen€1a6QM0Ii ned in various other exanples. [0040] It

shoul d al so be appreciated that the follow ng systens, methods, and

sof tware may Y I Clel system
wher ei n ot he d ggocgﬁﬁééxﬁg& ﬁgéljaﬁl OESXe %%%gssggggr}ﬁgwg errSMa%g&%Vgg{fy their
appl i cation. suhtsw,msaﬂcmgwbémtsomteﬂaoepw wwyandesarequipmerd. bef ore, after, or
concurrently with the follow ng enbodi nents. [0041] Systens, nethods,

devi ces, and[092npuFHE. 205 o gihiifipd epitcdntatian of desialar betmindeationadysdnssi on of
downl i nk channel quality information in a nmulti-carrier wreless

communi cat i opogyst BIG. 3Ghavnetk dﬁghﬂlnldfﬁ pbAA LML beMmiBKatRa gadh vated for a
nunber of downlink carrjers. plink control channel may be configured
based on t heNadgmBapd %)‘fadlé?d{etwpél‘ é‘éPU@B?rrlP‘é’f ace WicpiickRl astveEsiBierBed her ei n may
be used for various wreless conmunication systens such as CDVA, TDVA,
FDVA, OFDMA, (0923 oFKerd is g blogkdiagrimeot theruyer cusipgieatfiEand "net wor k" are often
used i nterchangeably. A CDVA system may i nplenent a radi o technol ogy such
as CDMA2000, [(lﬂafl]v eFHal5 iTefinesdmal blbckRaay diagemes sighdN RA)ugh etracturGDMA2000
covers | S-2000 § 95, and | S-856 standards. |S-2000 Rel eases 0 and A are
comonl y refg?'ﬂrsgléf Yo as CDMA2000 Ix, Ix, etc. 1S-856 (TIA-856) is commonly
referred to as CDVA2000 1xEV-DO, Hi gh Rate Packet Data (HRPD), etc. UTRA

i ncl udes W d¥9%d wlfm iagrag Ogtaﬁ%ﬂbl?/ﬁfli“%‘ﬁ]ts of CDVA. A TDMVA system
may i nplement a radi o technol ogy such as d obal stem for Mobile

Conmuni cat i oH92¢IGSNAG- 7Am2 biochiagiypat od g ﬁwdﬁrﬁmdelhef)élta%iloblé@dﬁr@“@?échnol ogy such
as U tra Mbile Broadband (UMB), Evolved UTRA (E-UTRA), |EEE 802. 11
(W-Fi), |EER0D2. EIG(S\MNAMyk din & 68@20120)1 chdnaeimoliﬂi-'@Mi))on f@ttenstJfRE and

E-UTRA are pghannecf qua 1ty i orrrsn%Lm IB a?nd-lé% er:Hm mer(l:t ga waeS oer WdJMI’S) 3PP

carriers are activated.

[0028] FIG.9 is a block diagram of a control channel configuration for transmitting

CQI and acknowledgement data when four non-MIMO carriers are activated.



Long Term Evol ution (LTE) and LTE- Advanced (LTE-A) are new rel eases of UMIS
that use E-UTRA. UTRA, E-UTRA, UMIS, LTE, LTE-A, and GSM are described in
docunent swbnromv@ne20r gani zati on named "3rd Generati on PaPCmarsséiiip246adj ect”
(3GPP). CDVA2000 and UMB are described in docunents from an organi zation
named "3rd Ceneration Partnership Project 2" (3GPP2). The techniques

descri bed herein may be used for the systens and radi o technol ogi es

menti oned above as well as other systenms and radi o technol ogies. The
description [pbow, FIQWOVES bloa@cﬁggrhﬂﬁ%% aifflteknbBiv SYoHkBIALhAe] BIHRESASH RF

exanpl e, and LTE_ term nol og X is used in nmuch of the description bel ow,

al t hough t hel"tseWHPg L% and kepypdecapriclalgeyhondour PEn-APNQ extierons. [ 0042]
Thus, the folliQwefg description provides exanples, and is not limting of

t he scope, applicability, or configuration set forth in the clainms. Changes
may be made | he t hout
departing fr[)dr%@ heFfsélblri(rngﬁogp %%%%g?@%]ﬁm c}ﬁislréﬁ? ﬂ%ﬂfaﬁ\/g%‘o?gﬂﬁ&ggg | es may
omt, substi €Qf end wknadddgearntclas vreo tleckicapseroare edimpdent s as appropri ate.
For instance, the nethods described may be perfornmed in an order different
from t hat deﬂIDBi]beEIG amds a/Elbi:lodJSgrSﬁlQDS coriy] Senaddedigutifibh f@ tandiitti@g@nbi ned.

Al so, featur d wnth ect to certain ex%rrpl es may be conbi ned

i n other exaﬁ%ﬂ@%dsac[( geﬁ@‘? n{ye ggrigry aleagdivaied. 5 pi ock” di agr am
illustrates an exan&:ﬁ Ilof a w reI ess conmmuni cation system 100. Node Bs 105

and radi o nef0fd?lk E Bt1P @resbloqindiaeyamsxq varieus gantid cngligeniigigtonhr wor k

100, The 1 adiigh RELHORn BRI RE A dMIwheFRD ekl A Access Network 130
(UTRAN). A UTRAN 130 1s a collective termfor the Node Bs 105 (or base

stations) an ol ( 0) it
cont ai ns whi @w&%ﬂkﬁﬂ 17; lg%%m%ago%sciﬁgg“%gtg r\}\t/g(?1 Igﬁa%ﬁll Cgﬁt;l@}% Oﬁé

conmuni cat i oﬁxtmmn\mlmg Oﬂi|and1aakaowledagempnbdmtmlu@abvotanmerscaireractjim;tecsvvi t ched and

| P-based packet-switched traffic types. The UTRAN 130 provides an air
interface acposs nEIQ if Oflowdrart KB frat@Glain PpRctthin khTQICaRNRICdioNi ty 1S
provi ded between the UE 115 and the core network 125 by the UTRAN 130. The
radi o netWOfg)OéﬂO FRY. 21 i @0 8RR Hart GiRfs BatRRGK @liSmbtR e TMplehPhBtiddEt a . [ 0044]
The UTRAN 130 is connected internally or externally to other functional
entities by frgumissieerfaces: lu, Uu, Tub and lur. The UTRAN 130 is attached
to a GSM core network 125 via an external interface called Tu. RNCs 120
support t hi s[60d¢ler FKea2 i mflewiehiattiod Alustrdtio g RINDscr@@e maplagentatiogeof 2 601 base
stations cal] gq I\A(g%g Bs 105, through interfaces |abeled Tub. The Iur
interface connect he two RNCs 120-a, 120-b with each other. The UTRAN 130
is largely autononmous fromthe core network 125 since the RNCs 120 are

i nterconnected by the lur interface. FIG 1 discloses a conmunication
system whi ch uses the RNETMOEDDESONIREI(BSOEASEMO/ENTEON and Uu

i nterfaces. Uu_ is al so external and connects the Node Bs 105 with the
UE 115, whi | B’O?He P MEROF I @G 20§ AR PEO LTI REEHThy e (RETIRANAST 120 wi t h

the Node Bs #iiRmidsdA48liowtlBik cRn®l U8l KrndddiOn Y mBei-dakiich Reklegonnect ed to

addi ti onal networks outside the radio network 100, such as a corporate

i ntranet, thePRYEEAHER SYstm. £ hagpe) ghtlity HAPMRtien (hichingycakederefedshiSne net wor k

as stated abRyEin a@REQRhal B@&%Hﬁfeh o3t RinPREKEIS RS WRGhs. @acplikEcdnle1 and
such outside networks. Each UE may nmeasure channel quality information

for a nunber chsnndd i be ﬁknftgarqd|befr6§ On/ﬂw nsIbened agvatedsrarrisrrapivevhathey these

configured b e m%r a r nd

whet her t hos%ang%y%ejg %@%@%&W}%g é@ ; fré?ﬁe S@%thﬁ &chdlﬁ% ah!i %ﬁ%‘&g
f1exibly conforherwplitheonfrobhenist my:b@:ﬂmbleh@sodlpmgle namhenﬁépglvn@dbmiem on the
nunber of ac [

sel ected corr%f(l)ne ﬁgd&fey i fg{)t?lﬁ%lﬁlagggglhagﬁ gr}?‘}e l%lah{?l %%Fe%a CO%%&\%W Iﬁéaspects of
t he i nventi oexamgye, blelnnmhdnﬁntf@man@ommpcchfor ome orebomocdri@®th 4 ficgledes RNCs
120 coupl ed t o, No anmuni atlon net war k 200 b

exanpl e of tREW e “?szlée %Oo%ﬁ%%n%?fbﬁ I e%%‘?s nce“i‘Bd“ See G S St de s 105
communi cat e wadetotdEs repddied did pughr @asungSiPO NOH Mghsinittigd &S &edoRbeed. ons 235,
240, 245, 250. As described above, a communications channel includes a
forward link (also known as a downlink) 235 for transm ssions fromthe Node
Bs 105 to the UE 115, and a reverse link (also known as an uplink) 240 for
transm ssions fromthe UE 115 to the Node Bs 105. There nmay be multiple
downlink carriers. Each UE 115 may neasyre or otherw se estimte the
channel quality on each downlink carrier. Each UE 115 may transmt this
estimated channel quality information to a Node B 105 in the manner

descri bed herein.



[0047] The RNCs 120 provide control functionalities for one or nore Node Bs
105. The RNCs 120 are coupled to a public switched tel ephone network (PSTN)
205 t hr onyb 2nobiob@7swi t chi ng centers (MSC) 210. | n anot rer/uSz@tpbes43 t he
RNCs 120 are coupled to a packet sw tched network (PSN) (not shown) through
a packet data server node (PDSN) (not shown). Data interchange between
various network el enents, such as the RNCs 120 and a packet data server
node, can be inpl enented using any nunber of protocols, for exanple, the

I nternet Pr OFUDQSN ThiPYescARoRTYNGIE eRtest £RANS h&intBRAE t MEMneREPc0CcO! , Ti,
El, frame relay, or other_ protocols., [0048] Each RNC 120 fills multiple

rol es. Fir st applicabiiy. & spfrearation ef the ivertiogn Rathern g coping descrgytiog @il j ces
attenpting tgroURie toleskNRE8n Bie 1B 3yithIRCAMing LEQADRENRPE& 1B HPiny QioRas e
station, point of view, the RNC 120 may be a controlling RNC 120.

Control | i ng Heneusshangeemaibegaderinthelfmetion gndarangdniant eff demangrdvighonkesour ces
(bandwi dth a i L i : hat the network has avail abl e.
The RNC 120 ? a%lg;ﬁg)h{ttﬁgglﬁfgtdﬁ{éﬁgoﬁfg@e%&gxﬁferface term nates. Fromthe UE
115 poi nt of Og'ijﬁw, Tk he Ir?NC 1m0 acts as a . ervitipuge R}\I d1%r01 inrwhidcrh irt

term nates t HE UE S 1B PP O P T BRI Sy B O BRI s B e st Yor k 125
poi nt of vi evwgmpdnents&rapprogriBCFdratktdnes, i shatild He bpyeediated that thdmetbladsliddy. The

serving RNC 120 al so, control s..t he adm ssion.of n Es. 115 or services

At tenpti ng t B URRrTHb a8 PBRh DB DA bR A KEishT 68 mB0GA0] For an
ai r interfaceddetNMhSt&f, betonbsed. Al ftetdan desabRiBditSRERET U deabidagpis r

i nterface known as W.dehand, Code Divisjon Miultiple Access (or W CDMWA).
WCDMA uses a™gy PeeqminediR Nulous gthet FiPSion nul tipl e access signaling net hod
(or CDWAR) tom%gg]arate users. WCDMA is a third generation standard for

mobi | e commuHi0ée i Bakouldpleripmpaipeiipd that the fellosing Criemal ey et or Mobi | e
Communi cat i NGRS AR RRAMALASNEILY 88 cShARIAL Ora WP Bsleh, RhbeRt ed Lo

voi ce comunications wth [i'mted data capability. The first comerci al
depl oynment s othenypRivAuay mahtakepreendercerergir ohenyise medibt theidanpdisatval Még, W CDVA
Rel ease 99. i fd I i ni ques to
enabl e upli nhg‘%g%igggg"asﬁgy%ﬁg‘{“%?%%‘%l {/f{,[e?’g)gf QQP ggﬁgnqﬁ?stﬁ%\%lqog]ﬁ%uppor ted
usi ng eit her embwliMeadi.cat ed Channel (DCH) or the Random Access Channel
(RACH). However, the DCH is the primary channel for support of packet data
servi ces. Eaio4lE yktenssasthads, Gevideogadadbmpadripadyram prodeadars dedeeibddoor ( OVSF)

code. An OVSF code.is_an qrthpgonal code that faciljtates unjquely

Cdent i fying IHBI 0L SCURAGERES WA AAREAED I HdcRrT G ATC e o di ver si ty
i's f] Upﬁor qulcdi?ﬂa%lﬁcaj‘ﬁ@ﬁ Eyskbgrﬂ Ct(mégﬁel qadldy ﬁif@ﬁﬁ)ﬁoﬂ BOPLPRYIBELE @d}tarrﬂhlbblfofe”p| gyed
with the . 051] Pseudor andom noi se (PN) sequenc are comonly used in
CDVA syst errsd?"éﬁtfhngﬁ?%‘éﬁi ﬁ@@ﬁ%@%fﬂ%ﬂ ilfnay bg ?ﬂﬂﬂgwqeﬁéaseﬂ ShHEGEEBE pi | ot

si gnal s. Theot dciPatéEAHidrE AT deBnificd A8 ibedhedim Bh £ by &l orQbribiRviRNsg equence i's
known as a chip, and the rate at which the chips vary is known as the chip
EReR conmMdy

rate. | nher effMmynigatian gestqmspuelf asdiMas TRMHY anQRerisEstepat a

receiver ali gﬁ@eirﬁss‘sl}’%ﬁ’eﬁfde‘ﬂ&%rﬁ’%ré&%ﬁ%séﬁfinﬁefEﬁarg@Q&y.Bé cHWA QR Syst ens,
such as those defined by the WCDVA standard, differentiate Node Bs 105

usi ng a uni qoey Prplemens afrasiio eelnlelogk seshris SOMAYOrEniyersd lgrpitiidfadiode. The
W CDMA st and } f i
stan ﬁE%séj@{'ﬂhﬂéQisﬁE."‘ﬁDQPAﬁoﬁQ%rssl?)%{b.@?‘ﬁgﬁ)& &g I§-%§é‘5&?ﬁdaﬂ§ e

downl i nk, one for - phase conponent anot her for the quadrature
(Q. The | alWOBdRsssdquehcas cervyeitliesfersadgo by CANREHD0 { Kr bUghoUs-36he cel |

w t hout dat a fmdulati hi ' fLeyr . t n pilot
channel (cpt G S50k BRimelf S RLERREEEMA DO TEVIR, iy R B0t PO oo

38, 400 chi ps(HRM?), per Vo& Aahcl3&;s Aidetlahd PHOMA (WEDM A pahdtatheasarantsadi o f r ane.

Each radio f i i.vided into.15 equal sections referr s sl ots.
oo nodo ceETEs' SIENA ST e R AR HES diS kb Bl RS Lt Sl > o6
know edge of fdr Mobile @omntunithtivghs (GSMNeANOFDMA 1Q%ntmas imdémént argli@t e 1 nt o
know edge of the fra timn f any ot her I acquire
this know edtfél}n_o\‘/%gmr{?ﬁ %5@% %ﬁ@gﬁ%@%%&ﬂ ﬁ&ﬁ%ﬁoﬁﬁ& %ﬁ%@@%ﬁgj Igﬁém |
sear chi ng t egi IQWE-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and

E-UTRA are part of Universal Mobile Telecommunication System (UMTS). 3GPP



[ 0052] 3GPP Release 5 and | ater supports H gh-Speed Downl i nk Packet Access
(HSDPA). 3GPP Rel ease 6 and | ater supports Hi gh- Speed Uplink Packet Access
(HSUPA) . wieDRPi/ane7HSUPA are sets of channel s and procesoras2aihatscehabl e

hi ghspeed packet data transm ssion on the downlink and uplink,

respectively. Release 7 HSPA+ uses three enhancenents to inprove data rate.
First, it introduced support for M MO on the downlink. Second, higher order
nodul ation is introduced on the downlink. Third, higher order nodulation is

i ntroduced opofdeermivioRiion [I0853hd LmEJﬁwE&ed meﬁ N@d@ nBw88asa draygTsever al

UEs 115 to transmt at a certain power |evel the sanme tinme. These grants

are assi gnedtheioisg & ERHy Ui §-@T s@W@hbﬁ%llr%Aa@@&SfMH’fﬁ depratbedin ocat es

the resour Ceochofty SR - otrg'a&l%%sﬁa%lea OYRMYenk@ASh BfrtnBRhip pﬂps‘cﬂ aripd).
schedul i ng of is well suited to the bursty nature packet ‘dat a.

During peri o@@l\@ﬂmpgnﬂ HME @t describedis documepts diom an dreandretiopeanedriBalge of the
avai | abl e regoiu 663 a}‘éi*fl!ré %ﬁ%&k ?%bbﬁé) Dg{ecﬂﬁqt%gggswlgédhlg%ﬂpng}gbepe“ ods of

| ow activity. [0054 ease 5 an access
net wor k sendssed divmllq wktemayﬂleladlodaﬂlaolbg;eaJE@ltmal aavdHisgheliSpedur Botenisi nk

Shar ed. Channel s 3Rl 80 Gk DR ASA Rl ALOLIRY.QRpASRAGAL G P the

downl i nk data on ntrol nrie ere are, in
sone exanplepmpaﬁﬁoﬂnamp@amaﬂlwammamﬂmgSpmaﬁdnnng@hh@de@W@Ebdpwvalsh)

codes used f nsni ssi on t hese codes are
partitioned %Hio}ﬁgl}@feieﬁg%qﬂe%@ afplécaép&%%}lgp%r?‘)s%gd%%gﬁ% hat are typically used
for cellular ephony ce and HSDPA codes hat are used for data
services. Fol 005@ hTWaﬁhé\#ﬁ?l'PWPfgrPéSW%? Rrgyd ?ST"?‘%“P cr.38d it R2ttoa o Wit r ol

information s@pé, abﬂm@ﬁlhb‘sgpc%nﬁ%ﬁm&@etuﬁtﬂﬂrﬁhé BeinalBended mb 8 Hhawd e whi ch
codes within the code space w be used to send downl i1 nk payl oad data

(dat a ot her thﬁélﬁl%@h%qddrraa%?p&nb@f elgments gircussebvituk fleneBing Kony@e sRIE  and t he

modul ati on t fatcYAd dr iRE1idERRErf Wan@ﬁs%@%l@ssﬁl@f'orﬁft sub&indOWrhadWeriBay! oad dat a.
[ 0055] Wth HSDPA operation, downlink transmssions to the UEs 115 may be

schedul ed f oproggdures pémmnomémw appioprate Ker instanee. vk @eth@dsmgscabeﬂmbsebe of
ava' | abl e HS%DQH%/&SE HURS d1ff:%t ﬂ a8 Bes il t%]e'd ﬁ‘ﬁ%fll nkil% el‘:l's' ng one

nore of the HSDPA codes, epen Ing on t aIIocated
to t he devi cemd@d,lqngombneedrwso [fG086] deseribad thssgoﬁtoeqwamwéfrrepl@sr@a}i\be(# of

transmtter gﬁﬁﬁ&gﬁﬁ%ﬂgye %ﬁsof recei ver antennas) signal paths fromthe
transmt and e receive antennas, and the signals on these paths are not

or thogonai | INEHe. ERsERer e Bsid Aot EeRamiLe or Bl SaerlsarB RS Tank of

the system &inaenitdios eyspinped. ANwe B tlDDGaNAlio nBtwolecoapaltes (RNE) deorai n, t hey
create little interference wth ot her e dat a _pi are reallzed
Wi th proper 8?@@?5ﬁﬂ§Paﬁﬁpmﬁwﬁﬁg® ﬁﬁr%vjﬁ?%ﬂgFW?'Gﬁﬁﬁwﬁgﬁﬁn?Pﬁﬁals on the
NXM pat hs. ARLdiaASEdsS BE@diP JPQUIRAN)N Ot UTRANES P AU dliectAB t@tﬁhthlntﬁaNode
transm ssion_chain or any one particular transm ssion_path %ﬁPSEb

Ao LBl e

Cormuni cat i o §§5eRse HajoraseddhssmgPleedumpenir the dgdeRe J0or

carrier frequ%&ﬁalﬁsswh@@ﬁiaké e TRYTS ﬁafarae&rs@ﬁ&warkdtrhfsewﬁ@ number  of
carrier frequencies. Furthernmore, a UE 115 nmay be any data devi ce that

comuni cat esCAHPHUgHOBS ety @k adhich cam gl bog replhipugieul switehed 2ehEnbresd £ or
exanpl e usi ngackétt%%cﬂéattfa‘%ﬁ@{yp&o%b TROAP| ﬁﬁprof‘désjgn 130t Q@ce?sﬂMetHSd a

number of types of devices including but not to PC card, conpact
fl ash, ext er fatheowserjcqpigmaet (Ul diem C@memvme isesevidnd hmvreen ih«?é%hkirﬁéld the

core network 125 by the UTRAN 130. The radio network 100 may transport data
packets to multiple UEs 115.

[0044] The UTRAN 130 is connected internally or externally to other functional
entities by four interfaces: Tu, Uu, Tub and Tur. The UTRAN 130 is attached to a GSM
core network 125 via an external interface called Iu. RNCs 120 support this interface.

In addition, the RNCs 120 manage a set of base stations called Node Bs 105, through
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[ 0058] UE 115 that has established an active traffic channel connection
with one or nore Node Bs 105 is called active UE 115, and is said to be in
a traffi cwetatgooddE 115 that is in the process of establPCThiSegiameatti ve
traffic channel connection with one or nore Node Bs 105 is said to be in a
connection setup state. The communication |ink through which the UE 115
sends signals to the Node Bs 105 is called an uplink 235. The comuni cati on
link through which Node Bs 105 send signals to a UE 115 is called a

downl i nk 240interfa@Q3e1dled. Theirsr idRHALd RHndBIRd R olrelom20an @b hdes an
exanpl e wherein a Node B 105-d and RNC 120-g are in comrunication with a

packet netwopRes ihe FRAN 3Hbis lqrgaly mytenompus Famyhesiose ptwenkd 2Ngiges B8 105 and
only one RNGR{ZQ 1b@as hﬁ%orfn@éte@bmc ﬁlﬁ'lﬂté{r)face-rbﬁ} NQﬁjs%loges]aQ%ngnﬁﬁqnﬁNc 120-g

may be part of a radio network 0-a (e.g N 130 of FIG 1%_ shown in
FIG 3 as a mt%whlphmsﬁﬁ&%hm ﬂ@W@B@ﬂomfrdetthB@m@éa%d hdhe RNC

120. The assoghalief At %mdlo dAL RoOORSANAEUELEY | Rid R hibgvgd T rom a

data queue 3 prOV| ed to the channe enment 310
for transm ssmqumalurmerfahecweczmsﬂws&w@s BOexithihe NoddhBs Hift a queue 305 [ 0060]

The RNC 120-g interfaces with the Public Sw tched Tel ephone Network (PSTN)
205- a t hr ougf00as|nobid radis wetnoki HQ) @ riecfurtizt Qormectdd ®ddiRdical h2x®-ocksi nt er f aces

wi th Node Bs 1Q n the radi rk 100 (onl de B 105 is shown in
PG 3 o sPHRs LR ot dal S bt RRGR Geds wi th a_ packer
networ k i nt esdnaeiod@dPubildravifehéd t&l%@hcglecaafrod« fataes dbbe, eranmaniradpdrodatdet ween

the UE 115 in the radi o network t her sers connect ed to acket
network int ep%li@éb%%ena%ah BEMP %Cgsuc Outﬁ*ﬁ%n% SoBeeh U hPgPPaREs i t h users

through a st andadduilRy RBREACONRE Waikbd ROYovetAWMRarkiBrs FASupldk-cob@161] The RNC
120-g contains many sel ector elenents 335, although only one is shown in

FIG 3 for sfhiwpnsaaype cenfigreddy adilh Schassernrthemumnties ofactivyprberriicss. @bt r ol

comuni cat i OQhQﬁérVﬁﬁ‘c%E'cé}H@rsQfe c@HﬁﬁlrW@h ﬁ%M@&lﬁé‘%%‘@lﬂﬁaﬂﬁ& UEO'C shown) .
If the selector elenment 335 has not been assigned to a gi'ven 115, a call

control proceddigpredaoirane StiEigropareogng tand mepRing based Olpﬁ@éumh@ ofjective®d The
call control .prgcessor 340 directs the Node B 105-d to page the UE 115.
[ 0062] Data source 345 contains a quantity of data which is to be

transmtted ur 4 e data to the
packet net wob@ i?] gclgj Séréégsmslahmé3 P 0%&50% ecto\/\§ [llfen?snt &ry a%c;leglﬁé%)%r ecei ves the
data and rcuh@eWOﬂcmdeaﬂlm wlnch dmpecssaéfehetmmrmbermmbe Bﬁiﬂcmm sel ect or el enent
U 115 T t ReBRBg g b el AR Reen Rsau s 1osenar i05 T 2 data queue
305 which st &Krﬁrﬁuﬁ1&woﬁia&tazofk02(hendyr‘tﬂmﬁI&ketnﬁp&doﬁtﬁe theleis"ioﬂ;ﬂ;ﬁlnlcbﬁﬁﬁ;%terﬁor each
dat a packet, neI el_enent O inserts t i el ds. The channel
el ement 310 b@rquﬁ W\i‘?dﬁ%sr@éﬁ%‘aﬂ%‘?tﬁ}‘(ﬁ&s%h%:‘h“&]ﬁ SOHBOWE he dat a
packet and caznble@lcoﬁmeeh@iﬁ 23540 BBl 159, AsHREcriBEd ARUE atcdimmuBichSons The dat a
packet, control fields, CRC par] é‘%@blts and code tail bits conprise a

formatted pacheapel ingpdesnwarr ligk Glsornonh s 2 AewRk) Lidor wnymistiges HifBket and

interleaves {Q 'NoG@BE 46y ®)nd DEe 13y, rm@b%ms& Rhi0(alsb&n&0E 28 dipRRSKAD for The
interl eaved gac ket is covered with a Wal sh code, and spread with the short

PNl and PNQ E@yasssiorhton shedal 1 fatoghg EO%%/MOéeEh@réwbamuﬂtméez@Wk
quadrat ure mpdul.atesy U ilts%an m@é@ﬁire%ppﬁlélf\x}lﬁsesﬁrgﬁe ﬁie%ﬁﬁlnel c%[ﬁﬁty %Q%H nk

signal is transmtted over the alir through an antenna t i nk. The
menory 355 oflowdi cBTie0FEagh Ryl 1id mealy desmibthaomiimetedelmnng nn¢1yy {RaMptiend

r ead- onl y negodr}yoc{ews 1nTﬁ?e‘%néiB@EJe94nb‘é&"hér?ggo may be an intelligent hardware

devi ce, central processi ng uni such as those nade by

Intel (r Cor rocontrol t,i gn ecific
ooy il ed cﬁ’ﬁé + P MR AR REG R Rt BY ppr s SBRYH SBULBR1GRPCT {18
nmenory 355, tlflmarrmlt:eﬂz(]r aadapld,to e piipidtseitelexdad eihahé Eet\sﬁrﬂct(mre) mdlaoﬁglﬁ

containing i ns ct| ns that n ured to, t ed se the
cont rol uni + M3bs SoteRRE e S0 HO uh SR iye BT nE eswp R
a packet switched network (PSN) (not shown) through a packet data server node

(PDSN) (not shown). Data interchange between various network elements, such as the
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[0064] At the UE 115, the downlink signal is received by an antenna and
routed to a receiver. The receiver filters, anplifies, quadrature

denodul atwe,20adoeaant i zes the signal. The digitized si goaluse&iifoe4us ded to
a denodul ator (DEMOD) where the digitized signal is despread with the short
PNl and PNQ codes and decovered with the Wal sh cover. The denodul ated dat a
is provided to a decoder which perforns the inverse of the signal

processi ng functions done at the Node B 105-d, specifically the

de-i nt er | eavings 195 ketams&e&n@a@@mm@mmurhg asjesmRdodat a i s
provided to a data sink 065] FIG 4 is a block diagram 400 illustrating
an exanpl e oProgcplspr %W{?n@ﬁﬂntemp@ﬁ@{?h afafyeRhrops hrnsfargogdej nel udes

transmt ci rg NS YrofhO, €1,78! HEhORIRAAMD: prdt&ORI VE Ccircuitry 415, power
control |l er 420, decode processor 425, a processing unit 430 for use in

processing S@Eﬁ' SEa TRIRE Yo' R m@ffle P&, G mrn%yacp{u?&%sadmm%n OERQSM
circuitry 40 e receive circ |try ig ow transm ssi on and
reception of Udat & o@ﬂ@hea&tempdhgtoommquaﬂa kﬂ)rSs SedvatleemtieMNodeB 1035-f and a
renmote | ocatian, and C |tr 415 are
Coupl ed o at i ey R BEEC OB A00al TR KR IO Eabin <

oper ati on of adrhiesiddEentirbs thatThies nﬁaﬁ@ﬂmmgi tadiio tresé Bi@esniyn dadli b ate referred to

For “a nunber S8R B0esel merdPrdhen e ToE B @F nE IR 1480 iy Bont i qur e an

upl i nk cont r SbdcBanoElub hasede eiminaes NBwhehe OF 126 boivasfedevs alid R€C 320 and
whet her those carriers ar onfigured wth MO, Thus, a processing unit
430 may flexid %ﬁa(?SWfquﬂ?@ &P@‘ "f’}rl?j}féte%%@f%lﬁem %h&jm’kr{@’epand meppi ng based

on the nurrbeéorﬁﬁlmﬁ@atnbﬂ@tfe@ln@@brelrefw'sorkTirsapd‘ﬁarmﬁéw%éserwﬂgemmmo i nclude both
read-only meno (RCM[ and random access nenor (]RAI\/p provi des
i nstructi onsteaﬁeafamha i for fisd B} Be ddgseing RNC iBkplsogopels theadgmsiomel menor y

435 may al sopdneEYdes SRR Qt%e'rﬂg%ng ANACMREFER AR T Yot NMRAMErfad:0067] The
vari ous conponents of the UE 115 are coupl ed together by a bus system 450

which may in e @ﬁ PH? i gnal

bus i n addi tﬂogﬂt oﬁoar at ént%%.’ or Etémslszg o%lo% rea@g&cﬁ“‘ﬁﬁﬁgﬁ busses
are illust rammﬂfacerﬂﬂi@h&@asZWldéoatuthéomﬂ@lvsymtl‘éuﬂtipflﬁexcce@@w@}’ CIPMAiths of the
net hods di sc k& I Uct i in th rmof

sof tware or ??ﬁ&?@gﬁ&&?w&l@?& (HYIE % le acﬁefg“ nalinﬁe 082 B 105. These
i nstructi onsCBhdA e sqmemauseﬂ WCDMAwnhrrdgemmnbn%ﬁnaod foNoweil8d 105 in FI G

3. Alternativel or. i n .conj ct| f. the t hads di scussed may
be stored as ?“Hﬁ‘flrl%lﬂl n‘g"%‘%{o o4 ﬁ?@%@ﬁ‘?&g@gywmff%tje 440 | ocat ed
in the nenor Qoﬁﬁﬁnicﬁtldnbl)ﬁ}m iiééondrgbasletm)mirrdumr whidh isri¢ntoé toevoaeut ed by the
processing unit 430 of n FL.G _4. [0069 I illus tes an
exampl e funct?"dh IC%‘PBSc‘P@rtltr {3 %&WB?RI%%OTP%@[SECW ?{%‘ﬁ]i%segfoéfﬁle‘?tm a UE 115.
A data sour ceDMBaRmAddeS vdRlod of (ie)ta@Bdd @llanWFCDMA RAIGAdED, 510. The FQ /
encoder 510 may append a franme quality indicator (FQ) such as a cyclic
redundancy clips (HRRe1dRe 9@%eQﬁEﬁloquEﬁne§%o teditqfeo dnaBIB GREHK paid MRY
further encode the data and usi ng one or nore coding schenes to provide
encoded synbéits Moyt coma@hlwzw Higp SO swrmgprieﬁ@mgieth@h@e@edwm@ types of
coding, e.g T epetition
codi ng, ot heghﬁglgle@di#) co |Rr?g%¥%lr&gcnegs gf(i) ?11;( ab?g Flalv%%{ﬁeﬁr}@gg %tghrescherres
may i ncl ude ammarmharmelrfep@aporteﬁmelsﬁdétAFz@lceshyEbch HEARQlﬂ(eHalAﬁa@ogomid

encoded w t h i RSPRn BREROVSRANE RO S R abikBSRy flacilh ™ T
exanpl e, fIeﬁmbmmwmmmMMkamn@m%1mMamnm$bmnmhmMﬁmrbmﬁmmlmgmmand mﬁpplng
based on the nunber o ca i nterl.eav 15
SRR B T AR i R LT e A A
gener ates sywhbkis X6. The interl eaved synbols of signal 516 may be mapped
by a frame format bl ock 520 to a pre-defined frame format to produce a
frame 521. A[(fOSﬁ]”EPJeQd{di‘ﬁIdoﬂ’m{ns%I@ﬁQ?) dedfudnB& abd @iEn@Sy Rl NOCOMMPESRASof a

plurality of sub-segnents, Sub -seqrrents may be _any successive portions of a
frame al ong @rgpr@gihng transmitted data, including transmltted pilot signals. The time required to

transmit a single value of the PN sequence is known as a chip, and the rate at which the
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di nrension, e.g., tinme, frequency, code, or any other dinension. A frane my
be conposed of a fixed plurality of such sub-segnents, each sub-segnent

cont ai ni lyoaopawvé2on of the total nunber of synbol s al | @catusdoto24che frane.
For exanple, according to the WCDVA standard, a sub-segnent may be defined
as a slot. According to the cdm2000 standard, a sub-segnent may be defi ned
as a power control group (PCG. In one exanple, the interl eaved synbols 516
are segnented into a plurality S of sub-segnents naking up a frame 521.

[0071] A fragBpd REBEnoRY ad tHE EE Fat PEErE i A€ dbsi&l 319160 s@fuen® CMACONL T Ol
synbol s (not s]?mwn along with the interl eaved synbols 516. Such contr ol

symbol s may mt@rrwethat@ rgeeivepaligas ite BNsp@Ienesy bpss of thed¥rde Bs iRt Semg or mat i on
synbol s, etcgy s{eg{%?s%kh&tﬁ&@%ﬁﬂéarb Sﬁéwﬁ@ﬁmtﬁﬁaﬁdh&fﬁefeﬁﬁﬁe ﬁ%ée Boj@enerate

nodul at ed data . Exanpl es of rmdul ation tech n@;lques i ncl ude bi nary phase

shift keyi nguqummsll@cmfri’dJ epdla doraoach: Engyrinzser psimary sqeayling codPSiy W Apdul at or
525 may al S05‘[5 eﬁﬂesst%gfoﬂfélﬁ ge é ﬁ)ﬁ' g&arﬂ?ﬁ%(th%%&]&ﬂlk ’%ne for the in-

baseband-t o- requency nver si on may convert the
modul at ed si glma¢ C@m@ntm (Rengangthgt @rﬂ@rqutadramsarf@sifmﬂ and4) BNecquenager e

antenna(s) 5 i 0 t one or
mor o Nodo. B BB ToG0ReF RSl i R RTHR BT PR ptos Rt
illustrates wﬁer&xlamrlthe aofmmompibit Clenhd(6Picd). ThEPY, seqttencwh gemyatdmiearadapt ed so
as to flexib re.a coptrol n |Ietermnal
15 g my bortefRl 8 En La R sl 5 b Fon & AT et RERTER o 27

i npl enent ed faﬂiotﬂ‘e&neS)&t:lﬁfﬁldﬂa&ﬂmﬂ:fls Hivided Int@1 5 squal woticd@ efatedrd & slé’ts M075] The
nobile term - g udes one. or nt ennas 605, a receiver. nodul e
620, & carr 1 DM RBAPR I B TRLE P B o e B

f eedback encmdelrammduﬂlgof@ﬁéma@s 185 Uo@mSirdrkRfe AP tubWleRQf it each may
be in communicati h% each ot her. These nodul e Er%jé i ndi vidually or

col | ecti vel ylimpg AYdg BafO5 h Typrderdp acrprg t ‘%lﬁ}oiw Fon @& i c

I ntegrated CGyseHistuSe s(yﬁ&lr&ﬁ%atf%ﬂ@ﬁ’inﬂ@s bl PN L4rBRiSOREBL A ucal | Of t he
applicable functions in hardware. Alternatively, the functions may be

performed byggs 0§G15@R@le§§|%|§%ﬁd R %h@ﬁlg‘fl]{@?%éd ﬁ%nlgagirf%éﬂemg&s@”e or nore

i nt egrated CI rcuits. In ot exanp types integrated circuits
may be used (PéSQ;PA) SEPRIBelarse d/aPil katdr swmoASHEh: Snét%CbUnlhrﬂer@gk@mﬁr%IS e Gate

Arrays (FPGAR) e Sl a@eﬁ%tjﬁ%’ﬁﬁe%% bg@)a Y%‘}Jnﬁ%r&’@é/ur?s‘%h e ﬁ%&ﬁgﬁd in any

manner known |n t unctions may al so
i mpl erent ed, spead pdcwd:telatartranmlpwrt QnWﬂWnlrmktandmmhnimsswnﬂwdl Rtldare & nmenory,

];):‘){)(r:rgtstsg?st OHgﬁAﬂe‘)l(lSee% ree en%ch%rrlll%nt(s?l‘Eo 1%?06\76%%9?&[9' Flrst 19 1‘?180('1uce(§ Isu%Bo eCI fic

MIMO on the downlink. Second, higher order modulation is introduced on the

downlink. Third, higher order modulation is introduced on the uplink.

[0053] In HSUPA, the Node B 105 allows several UEs 115 to transmit at a certain
power level at the same time. These grants are assigned to users by using a fast
scheduling algorithm that allocates the resources on a short-term basis (every tens of
ms). The rapid scheduling of HSUPA is well suited to the bursty nature of packet data.
During periods of high activity, a user may get a larger percentage of the available

resources, while getting little or no bandwidth during periods of low activity.

[0054] In 3GPP Release 5 HSDPA, a Node B 105 of an access network sends
downlink payload data to UEs 115 on High Speed Downlink Shared Channel (HS-
DSCH), and the control information associated with the downlink data on High Speed
Shared Control Channel (HS-SCCH). There are, in some examples, 256 Orthogonal
Variable Spreading Factor (OVSF or Walsh) codes used for data transmission. In
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[0076] The receiver nodule 610 may receive wreless signals (e.qg.,
transmtted froma Node B 105 of FIG 1, 2, or 3) via one or nore antennas
605. Theswownrieloe®3 si gnal s may be payl oad data on a H ghTEsead oDownl i nk
Shared Channel (HS-DSCH) and/or control information associated with the
downl i nk data on Hi gh Speed Shared Control Channel (HS-SCCH). The carrier
detection nodul e 615 may identify the nunber of activated carriers, and
further identify when the nunber of activated carriers has changed. [0077]

The CQ neasHSBIRNYstERd WS &40 ifﬁﬁalﬁﬁ&ﬂeﬁ'@ﬁtgr&&@@[@b (ggﬁéylswemmo@émtl on for
each of the identified downlink carriers. f eedback encoder nodul e 625

i s adapt ed t@ab%mpgakbéusaﬁéqrcsﬁlhmfd?lﬂg}loah(wgﬂe? akd B8RP AsrderbaiasIusgthsed on a
number of acj-ugh edvdQWHo} Bleth G@Admieei Re m@éM@rﬁshﬁJdefdﬁ%%&mThus t he
configuration of the uplink control channel may be f eX|bI%©§dapted based
on t he nunbemfeymatien seite et HodPA-enabled Pl 1 drdigsses ko Badeodes widldeddss 625 may
encode downl nf ormati on
for transnlsgﬁgﬁﬁgﬂ%ﬁﬁémgﬁﬁpkf%“%ﬂ%%E&ﬁ%ﬁﬁgnﬁggﬁéﬁgﬁﬁgﬁ%% %m%ransnlt t he
downl i nk chaﬂmmml¢m®mﬁhWMHhﬁ@hwmkaﬂwahvea@hd&@mﬁﬁehnawamawﬂﬁbww®mg@nent

i nformation %%@?I#ﬁ&%§?%%b&E? %ﬂﬁdhﬁiornatlon to a Node B 105 of FIG 1,

2, or 3). exil i guration nay take a variety of fornmns.

For exanple dr essed re det ai | 0 edback
encoder m)du[@g%b wﬁ&g&%%m&@&e‘\lﬁb@ﬁg RHERISS P ‘Ebgi JPF %%ngrlgayo ®carriers
are active, amedmédamsmftbredﬂ thdnemBEibn ﬁmelewmusmtgemmﬂaebf Vil SSOPAcCarri ers
are active. |Ln _one_exa , codemoé ﬁre rzgeated in one g&eggre sl ots of

a transmt t P¥SRGOIGt &P $IVW@H PARLE P &SP UANA ORUIRIE O O at ed

carriers, whiddes dbpdngigoh t&%mﬁld&namtm%até&fo thd @ vRRQulfg BTELS| ot s of
the transnmit tining interval when there are |arger nunbers of activated

carri ers. ThaokgedRaokingocoden, dHEHN BAT IR EUHRENSS BB fegvRover T
the nobil e device when a codeword i's repeated. | e sonme aspects are

fl exible, thentfrmesiisienkl pethe dgarthariensimet %Q@emlwnmwmﬂé theongekion f eedback
cycle when d f ri /9, There are a
nunber exain%%ﬁ%?HE§$ﬁ3R§Q%€?H¥ﬁ§9C#%&§H?P§§$%%%¥%%ﬁ%anLg%;?%1ation to
bot h channelpmmaﬁeowhkmm@mnﬁeaneamdd@mhmo%h@dgdwmnfpmwﬁmmdaﬂwonmrﬁn sone

exanpl es (e. u t. [ rrl ted),
t he feedbackggﬁ%gd% §hc h% %%§% %h é%ll §a %gﬁ%léﬁ% ﬁwﬁforn&%ﬁbn for a
carrier in anmﬂﬁgmaawnmembmdmraﬁécMQnmaﬁamhaﬂmaﬁembpﬂmmnh@mmmgmncess|ve

slots of a transmt timn er.val. en tge&f re %ddltjonal gtlvated
carriers (e.§ONARRY BIoPC o‘i?ﬁn QLpS Tl Ol HEVIRIEY o 8) At S PLRARIR encoder
modul e 625 nayt cenepotl ©haamehnaqtaadhikyion ¢Habrdrahy ok facticuBr friisglissvampather in a
codeword and channel quality information for a second carrier in a

di fferent copmsw]r deoRRtnigdiRHRy RS Ha  Od A WRb R afrRE fré%@ﬁbg/r@rsﬁﬂme Wirfi&ti n two
successive slots of the transmt timng_ interval. 6% I n anot her set of
exanpl es (e. §equenaiey faplylinlary npEpeasagliffcent npmber Faréﬁrrfqué?’@leéct i vat ed),
the feedbaCkFﬁﬂEgﬂﬁé:ﬁ@ﬁ@iﬁm@%@aHBMMEﬂﬁQ@gm%%QMﬂMﬁ&mﬁHﬁ&%ﬂd@ﬁm&@t'0” for
a first carrier and a second carrier using a first codeword a

acknow edgenghenngl of trangh i grrefl ghangel for exhniag wsing fibgnoptie oF goaxidh caif&qu “er using
a second cod I Ir GREN first
codeword andgpﬂéggég 8&&8%@@%#g?@ﬁ ?rgnsnlégfgﬁg%ﬁﬁﬁfﬂthg %FQ%

transmt ti ntand compent Yladh, eAt¢red or Ingeraal amedeheweyirdast Prvatrduhe phonei er s (e.g.
when two of four carriers are activated), the feedback encoder nodul e 625
may encode afioagiwi Bddesrehat has rftaslivhdd aaracfiar traffiocinaid c@msctivaiwith acdt f f er ent

Cnterval | | et B R gl L et et et R el o BRI S ors

(e.g., when thbfieen @E pfodess of&kdbligHise Ar RtiRchifatiedhcl candctdneviflegdack encoder
nodul e 625 may encode ackno&% ggenent information for a first carrier and a
second car ri BPrgdsdsd O Sdaifdp 85 Bt odrieHEM Eu e nthe SOPERIHEE IO or a third

carrier usingy ]gﬁ%%dh@QEQWD§éﬁds @gmsgb%madfa%qomct@mﬂlal fig 239 ansm ssi on
within a slot of a transm.t timng interval é codeword using a

hal f slot). [bownmumrcstionbiphrwsbishdodabyl %See%gﬁadgﬂowﬂwaﬁalt?& i nk
control chanpglwhagedpon whether one or nore of activated carriers are
configured with M MO. For exanple, the feedback encoder nodul e 625 may use
di fferent codewords depending on whether the activated carriers are
configured with M MO The feedback encoger nodul e 625 may al so use
different spreading factors for given portions of a transmt timng

i nterval dependi ng on the nunber of activated carriers. A spreading factor
used for channel quality information or acknow edgement information may, in
one exanple be 128 or 256 dependlng on the nunber of actlvated carrlers
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dependi ng on the nunber of activated carriers. This mapping flexibility may
be related to channel quality information or acknow edgenent i nformation

sl ots. [O®B82p11On0@NOt her exanpl e, the feedback encoder moUAISR016AM46ARY

mai ntai n | ogi cal sequential ordering even as carriers are deacti vat ed.
Assume that there are four carriers activated, the four carriers associated
with a |logical sequential order. Wien one or nore of the carriers are
deactivated, the |ogical sequential order of the renmaining active carriers

nmay be pr ese[(mssii | PId.Nes URhildd e RIS, a8 DBR0RLs al RE8Bk WiRreaNPNb&S B exanpl e,
the CQ neasurement nodule 620 is configured to identify activation of an

addl tional c&{ e REAd2Q8arerissapaERricEipaadira nrskrt netwedsnicsfageoiip; Qﬂr ed to

modi fy confi gi at hppoef otdienstRldlos %Q&SIHgbn&m@rlQb 1srsﬁ§\9fPEb?'s\ﬁﬁ)hE%y)t
activation of the additional carrier Turning next to

bl ock di agr afc7ode B 1Q5sd ﬁ@d%@céﬁoﬁm&e@aﬁp aradioneseek [Hbel (4o EPRAN that
may be inpl eﬁ."ﬁg&ﬁ?g @2%10%%@@ ak B abRe 1[519%&&111& %@&Jnﬁjé%%o eB£1

Thi s encoder -a nmay a so be | enente in a escrlbed
wi t h ref er enewl thoRNCA201 Thasseniated quanqnlmfrém @d)eltnnmlete¢ysttemeﬂ(§®mf FIG 1

0 SYSLem 200,00kl G R QORS \ H1E ,E15008L MOk £ 0P85 86, A oS 20

ACK/ NACK codeé ection nod I'on nodul e
710, a mapperamyoiksioe ta7thd UEand astociered odiarthe/@n qubhe3®@ncoder nodul e 625-a may
receive an identification of the nunber of activated carriers, along with
downl i nk chaoed] qud RN g 12OLadteMiceORith e PABIESWiddhed Eélelﬂmde Heta edgenent

informati on. [00 The NACK codebook se| ection m) e 705 may receive
the identifi @&Pﬁ%%f‘q}r%%gq Smtc R §YisE LO%a%FPé% L20-8 Hjertfice

acknow edgena,ml Noﬂé Bt 1o in Qb ra@@%@@oﬂmdof(@nlp BADRLIOE 1695k Kh@&Sindnd. per haps

ot her factors %1 whet her each carrier 1s configured wwith MMJ), the

ACK/ NACK cod@éé’éﬂ? igig0)e &t $UHIORDHE R C7 178 giipriaess adih atl’rarél@éﬂ‘?%ﬂ‘ikrl@teg%%ene

(e.g., whichs3gpdgheoks 1ﬁﬁ9c§o9dh§ﬁ9§ tﬂQccTr@rﬁﬁIﬁéa)aoﬁ Betieén tBQUEtlhg in the radio
cknowl edgenent. The codi ng schene, code repetition, spreading factor, and

pover use mayetiyerk4QP aedothierpeerdrenyiceed tormecketipgseprkdnterfeaeiia prdiP ?-@Sgar_s _
[0087] The CQT éd’sé e%éés%thfl}ggis'hﬁd Qs Eaﬁxﬁomﬁhgﬁeﬁe%rk tification

of the nunber act i vate carriers, alon channel quality
i nformati on ﬂt@rwneaEIGdarrl er. Based on the nurrber of carriers and perhaps
other factors (e.g., whether each carrier is configured with MMJ, the CQ
codeword sel @o61jonTinoRINCa20- g@ommiyls meh)eseﬂectolnelemams)mhglt]smgbnniy(oee §., which

corevor s ang SREEPH N8,/ SRARE) SRl Shhs kA LBRIR BPHSL ST CE
may be vari ecbraiepesution get@dert ¢ie of thseNod2fBsalOb iand@bedUE &r ¥ (nét shown). If the

selector element 335 has not been assigned to a given UE 115, a call control processor

340 is informed of the desire to page the UE 115. The call control processor 340 directs

the Node B 105-d to page the UE 115.

[0062] Data source 345 contains a quantity of data which is to be transmitted to a
given UE 115. The data source 345 provides the data to the packet network interface
330. The packet network interface 330 receives the data and routes the data to the
selector element 335. The selector element 335 transmits the data to the Node B 105-d
in communication with the target UE 115. In the exemplary embodiment, cach Node B

105 maintains a data queue 305 which stores the data to be transmitted to the UE 115.

[0063] For cach data packet, a channel element 310 inserts the control fields. The
channel element 310 performs a cyclic redundancy check, CRC, encoding of the data
packet and control fields and inserts a set of code tail bits. The data packet, control

fields, CRC parity bits, and code tail bits comprise a formatted packet. The channel
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[ 0088] The mapper nodule 715 may map the downlink channel quality
information for each carrier and acknow edgenent information to different
sl ots, dempendimgo@n the nunber of activated carriers. | RCTarseolitfsieances,
the | ogi cal sequential order of renmmining active carriers nmay be preserved
in the uplink control channel when carriers are deactivated. The encoder
720 may encode the data to be transmtted according to the sel ections by

t he ACK/ NACK codebook sel ection nodule 705, CQ codeword sel ection nodul e

710, and nmappeherBdy! le&o&ésEthe {0808 8H p@tﬂ(egﬁﬂQﬁtblb@desa(@PﬂégrdeM@Ih&lﬁn enhanced
3G mobil e tel efl)hon communi cations protocol, which allows networks based on

UMTS to haveWHhighksrengeded ptlc‘rkahs?h@rlnt@r&ﬁ@é@spaahf‘d isceepered tith 2 Moy d uppor t

mul tiple dowy idakyitahé iRkSNIlRd BN oaésorrhkgﬁm &%a it BMkrae@td RiEEniHBIGPA,  t he
uplink control channel transmtted by a may be required to contain

f eedback i nf thhﬂu@mat@r@@wdabteﬂcﬁ@emwdcﬁmp@@ﬁs thppignatra il hodowrdink signalds f our
downl'i nk car i &rs ed%%ﬁelhgﬂmkddg? aﬁ%t?ﬂn@"to ﬁi%o@ﬁmﬁp%!e%h% F5 #FNode

nul tiple-input rTUtIp out put carrier or a non-M carrier. To
transmit such I0éddivackelidefrandont dcoess nemensRedd] andaadtdndy HSnDPCRAMhannel may

be spread uSHgAuSRLAIY M ERSH Bl PlepliBand Dal o, 6258 20,6005, 8y 00! o

are avail abl e per s f1on d%ed to 10
code synbol Sumf (CR LB puchad ithvge fnactet oy In@i® 25eporaion seA{MDﬁ, al rmcroebreml;lels aiof t he

W CDVA st andar to 0 transm ssi t he feedback

i ormat | on T stopeRisHe e b uaionoie b BST SHEE Fest® o FERRTE g1 o
carrier or dtlla|membli')r B cmﬁpmdwrbﬂa)ablanﬂn@aer eteciat Mdware éde 3$5 ngl e- car rier
or dual -carrier .M M) curre fo e existin and may
Sdvant ageous P AN BGPTSR g BBETe] LR FrTehPa® Sranprbant 250
flexibility foqjeﬁbﬁﬂNbgbBlﬂ@mu@{aﬂif;}qegdrrﬂ,e@mrg@ on of channel quality and
acknow edgerment information is illustrated. In the exanples, up to four

downl i nk car [gog4;s me@% lq(Stt'hé’é&\%kaH%ﬁﬁ\{?fecma&i @/van%{&hnmdtr&%&to%kl Iled in
the art, there may be nore, or fewer, carriers in other exanples. [0092]

For HSDPA, t ireciMg- Bberaeriventiicesanplifivoivedigmereniodslaienand avmntee the cur rent
channel qual éléﬁfal' 'Eﬁjé d(gglh%d s@gnaf 1@&0‘&% to al (o dTBYor P@EMM wWhrd tﬁ@dl&ﬁqu B to

cal cul at e how nuc to Send to the UE on the next transm ssion. t he
fol I owi ng exsapll & despre@DAf thy oefNIgnd EBE dodes qpddprsersd vith éhealivpble (e g. :

the system1 I

tranam te t o 8 Kol Eheduats HE REILENL O akcun AL et

pur poses of ggaiptoecssm yyncand dooy glthcaS@ied: SOMprqaﬂpﬂerdemteibavmga nunber
of different Sc\é E)gnrra;tsll ﬁl% c%le; %nct%/o%gl'f)ﬁj eg%iaggatals pr%gv(\{'&[brl gt%%mﬂay be two,

three, or four rs act va , or none of
the carriers onfl W th The configuration of the uplink
cont r ol chanwggglnaﬁl &riya ﬁlé&‘f]grﬁ’@‘@B&%PFﬁ@gﬁBﬁﬁ%?plgP{aanWpél?fnharr| ers,
and the nunb@rg) qf151fho&mcﬁafermmss plaaﬁdeglﬂlraﬁﬁnmﬁchml\/uv@(ln&iaamgm Apy,eadi ng
factors (e.g 128 or 256) may be used. |n one exa regardl ess of t he

confi gurat i oF?C%IY%rcuttﬂ’r‘Eé payer pestioller2P; depade nsggetyo 3(5hap’i?FeS\?\ﬁnEHB‘uf‘ M MO,

the feedbackssyed g pfo%gﬁin@%lg%@aﬁ@fﬁﬁry 439and 8RAPAC e £MGIngs. idRMah{hies the
nunmber of TTIs between each transm ssion of CQ for a carrier. Various

techni ques afiEugastiviapdthererstvesiguied L may Hlopoesmisaion ayl reeepgon ofpy
repeating i nfiQr NRIH RRuAiCofmRLhiR NS BEheBE fie L 116 R ots NeA{JFRELEN for

certain carriers
transmit circuitry 405 and receive circuitry 415 are coupled to an antenna(s) 445.

[0066] The processing unit 430 controls operation of the UE 115-f. The processing
unit 430 may also be referred to as a CPU. The processing unit 430 may measure
channel quality information for a number of downlink carriers. The processing unit 430
may configure an uplink control channel based on the number of activated carriers, and
whether those carriers are configured with MIMO. Thus, a processing unit 430 may

flexibly configure the frame structure, encoding, and mapping based on the number of
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[0094] The follow ng scenarios illustrate a HS-DPCCH configuration for
channel quality information and/ or acknow edgenent information when

di f f er entwountierwse2of carriers are activated. The fol | owPog/USz@mpPl4esd3 assune
that there may be up to four carriers activated, but in other exanples
there may be other nunbers of carriers. In sone exanples, the feedback
cycle is two, although it is worth enphasi zing that the feedback cycle nmay
differ in other exanples: [0095] Referring to FIG 8, consider a design
wherein all wf«&ateai@amérh mﬁh&lﬁél’ﬁbﬁmgs Alifciaghy Malh&dbotfRAd-3hE sy gured Wi th
M MO (denoted by O, C3 and C4)’, Precoding control indication (PCl) and
CQ data is Ry @r@damtﬂm @a%Sﬁ H@a}om @AMy pepvides prudiopgpddetde thef 128 is
used. FIG 8pﬂ0£ésk’iﬁ% ﬁﬁ%@ﬁ) LA BoreXRRh EmERBH YAl 1,20 1&%e%n L¥QadTls. In this
scenari o, the CQ dback 805 is transm'tted in a fashion for each
carrier. All rapﬁ@né%ﬂe%lfé‘?@%@\@éh’f)l gured with M MO the CQ coding schene
uses a single carrier CQ (20, 10) code (using SCM MO CQ codebooks in
this exanpl e]0067|]heTIﬂeeadbasodonwuénes dfmhetlﬁlEsliunbblgllﬁdabgedwr bsabmyGMi ch may
be 4 ms, si n&ﬁ) Oheh 1ncﬁl|d a rbus a ntroq 1na?;/)aa%:% an gnal da
pertalnlngtoac rr aeég%vﬁ? P % RET S IE a8 FSII correspondto
t hat carrl era((dmtoﬂemﬂﬁtaa% Ea)rimrsalféqu ctandevlmrvdn&@&mkseiﬂeﬂﬁmrated)ﬁiemmd 805-c
for C3, code%/o % EOS d for [0096] In this exanple, there is no
repetition f A SC%Fte‘aé"ég vvlthl na TTl, as the CQ codewords for O and
C2 are grouped for_successive transfer in the first TTl 810-a, and

codewor ds fol%06% afke S@vs3?@egw&wﬂ%@sqwd%é&wf@f@rqdraaH@fﬂéquwnﬁhFe second
TTI 810-b. | fyrhhir SofBXAOR BrmwaRess® 16&tddGn I RRIidk 935 if e iR BAGS NMACK

information in a given TTI, and the DC-M MO co ebooks may be used. The
acknowl edgenmEAFuGAROR#ERS Qrecueskbyche enirolamitz3S of Dtk RS wrfiGi di nt |y encoded
in an ACK/ NA%elﬁQt%W)BIdm chjﬁnéﬁ%hfthegétébg of Phetnl@ndfdl Hﬁ&usér gl é&sﬁwredaa@d

acknow edgenent | nfornmation are conbl ne jointly encoded
in an ACK/ NAGKrestideso it form pfﬁ@ftsvemli(ﬂirlmmfe 440 tgrcatbdm tb@m@@gls'ﬁk%é in thansfer in
the first TT ﬁgb' hh: t he next
TTI 815-b. B}géﬁ %?sglﬂﬁtrh'cﬁgné[) %)tgeg%ﬁgﬁl o) mﬁ%‘? %ﬁ%gpﬁbéﬁgﬁ% e?%lwcarrl ers
are activat edl,FIGoﬂe are confl gured with MMO. PCl and CQ information are
reported for each carrier. There are two different exanple schenes set
forth bel ow, [(a59 eFI(hesnllﬁmyueben tiaathle 831 bidcflod diddrats b0@foes t he exanpl e

configuration 900 of the fo carriers t ed a, c, c
ond o PrarsRa e eUR iR Rt aupt e ooas Reb SR E £ o & Tom

f ashi on for ea6HerGag. rrlearFQIT/f&ﬁccﬁasmﬂam @mmd@ﬁﬁtyanmml(mghmnel cQ
(20, 10) code (SC-HSDPA). The feedback cy nflgqt#ratl on remai ns

two (which ndy? BEigremyy anepEacgCREA & fﬁlﬁéat%éj% Y thFrEQiI 8?1105 P& Afhg to a

carrier are §efitr dnBodeBe &R BIPQI uSiAE SHOSIn @0 do B3R dcBShRANG ltooldt:faaéods@rrl er
(codeword 905-a for O, codeword 905-b for C2, codeword 805 c for C3,
codewor d 9058545 laﬁacl{wé@gPChemetmﬁygn%&d&rﬁap &r mpreeyRes 05cqdéngs eBet i ti on for
the ACK/ NACK:4RERIiGHH ¢ b&f‘ng PuBo IbHR bTo-Ek codhdl r%’eﬁmtil\ggtﬁgp HEK/ NACK
codebooks are shown, other codebooks g. CK codebooks)
may be used. coming, atmmné@g@héhfﬁleﬁQ@ﬂmgﬁﬁterr@hmﬁbrncmﬂe aremar rgpeat iawdi ned and

tl gﬁg% W ﬂ% f t TTI
Jgiz)?a, yaﬁgcg n \A/P}étgglerre t( in f%ngf% ?118?1 %ﬁg%\%y%f%atrtghgfgnﬁi nle(rtlsand
j ointly encoBétrém tyars FdaNATi ccodBind mith idifferdne calegneticral Thesi @it/ f or
successive tLaNgLeR0 b, LG LEShITRLSH) OoheuiRe Hife AhuciERectREChaOks My

be repeated I'n
mapping based on the number of activated carriers.

[0070] An interleaver 515 interleaves the encoded data symbols 511 in time to combat
fading, and generates symbols 516. The interleaved symbols of signal 516 may be
mapped by a frame format block 520 to a pre-defined frame format to produce a frame
521. A frame format may specify the frame as being composed of a plurality of sub-

segments. Sub-segments may be any successive portions of a frame along a given
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[0100] FIG 10 illustrates the exanple configuration 1000 of two TTls for
the four carriers (denoted by d, C, C3 and C4). In this schene, the CQ
confi gur avpanywod2ased on grouping carriers G and C2 amdTjuseriog4eehcodi ng
the CQ information in a single codeword 1005-a, which is repeated.
Transm ssi on power may be reduced when a codeword is repeated. Simlarly,
carriers C3 and C4 are grouped together and jointly encoded in a single
codeword 1005-b, which is repeated. As noted, the CQ for carriers C and
C2 is repeat gghchQo Q\gerthOPr@qu@H@l ta! & afi} 6thss dimBshidnn e Fhhe Q{(b@ arriers C3
and C4 is also repeated. This schene may allow for up to Iink efficiency
gai n due to sHEPosedytfied aluradity ‘Pfcfﬂ@‘hsubﬁégfb‘%!’ttsae?%ét“%rﬁ%ﬁl%wniaﬁmt% case of
HSDPA CQ en?@rﬁbrﬂ@ftﬁé %ta?ﬂﬁn@r%b%fmboﬁs%o%dﬂo MR, TOPELkiI O ORANRS that a

gain of +/- e obtained as conpared with reporting CQ data in FIG

0% 102011 Al toiBuBC DN ot soieesmre e dofifddon eat wh@werl@ﬁ’rf}@aheed to FI G
9. It Yy beqfRus Qi 8l Rtkeahant: s lldhRue0t LG SRRDIGEAbEED fan

potentially result from eac ion o non- riers. As
a result, thencG@rmplorth¢ gltnrm‘redrsymmhs éllﬁta‘rasﬂ;gelemémt@melumht}r@o@war riers are

actlvated orfgg%g& F&ggg @h%59?5|gn principle is a "flexible mappi ng"

appr oach. erent. s ¢an be enpl oyed. For exanple, different

be used hen DY cAdPadrrePah iRt sel b "earpraf & el

consi dering Sfmﬁlhﬁbn%mhesmbﬂi@ded dygibog St HesehicemhilisgriRss may ﬁlemaé ant

f eedback cycle may be maintain i sone exanples and power savings at the
UE may resul §&- P@Tﬁf?mﬁéfﬁ?vﬂ%g' mﬁﬁ““?%%%@‘ﬂ%ﬂﬁ%lnk carriers are
activated, and one is conflgured mﬁth NINC)Sdenoted by , C2, and C3
(MM)). Prel®d?ingAomdulagr SEhaoddeteothe fimap P2 hiogcmpte W@ha??étd% A2¢-s reported

for d and CGand eslo?h{bhhbéu%{‘t‘é%%ﬁeé fﬁcfﬁ@@ﬁm’g?ha@s@@ﬁft%yﬁg@3}‘%%}%{’}&ed and for

C3 al one in codeword and repeat ed agaln illustrates the
exanpl e conf qlgasiraémﬁ piasq S0f keing (AI?S“KTJ dhe mdulftetyandy asparreat ascringe
conflguratlogf M0y fophi ch may be 4 ms). The configuration is flexible as
t he mappi ng a enco I'ng schene used is varied based on the nunber of

activated ca re Wwo carriger channe
AR RRRe R [ 1 SRR B B RO U R SR A e
this exanpl emoﬂlhae@mgml 826 toRTedigitalsdor radkmiskion AatehNAGKoric phwfimad)i58fHad N a
given TTI, and and. DC- M. codebook I n ot her
dbodi ment - gt S ey Fiyise w&&m&ca&?@l a8 o NoAeR? RNRK | nf or mt s on.
The acknomded%enent information for and C2 are conbined and jointly

encoded in alf AﬁqM@@%@&é&B%ﬁa?l%bdagmllwwsew@w&% aippbileha| f~ s| ot

the first TT{errﬁﬂaalol 18.g @mh%w@%%%%mmo AR FRELAR ah QplidkRoholencoded in
an ACK/ NACK codewor d (usi ng bookK) in"the second half slot for

successi ve t ghgnsdlelhis mobidetefrmingl 1 15 mam@oﬂéE 1Thes dgsaibed with @@renﬁ@d@books may
be repeat ed th 'R e
P i the JpgXinp] Rent]e&épﬂlps HH Cofﬁigé f b s gaeﬁ&o&kﬁ wSl? A by

downlink carriers’are’ activate I gure

C and C2). an n. a orted for e carrier. FIG 12
illustrates ngﬂexg%g%@m%g% gura Hw{%?ﬁﬁgé¥n¥meM¥?P?ﬂ%Q egﬂ?%readlng
factor of 25fmothde GHEd cardrinr ddadcsiosmedde 6 16, aiiQd ns@buréread badkle 8202 1 s

ansm e Loy ISR (o SR SR Sy, {BEFRBRI T LIS
pertaini ng t Gnam@dcation fvitheechStiitr. Thest AR dsladay, individually or collectlvely, be

implemented with one or more Application Specific Integrated Circuits (ASICs)

adapted to perform some or all of the applicable functions in hardware. Alternatively,

the functions may be performed by one or more other processing units (or cores), on one

or more integrated circuits. In other examples, other types of integrated circuits may be

used (e.g., Structured/Platform ASICs, Field Programmable Gate Arrays (FPGAs), and

other Semi-Custom ICs), which may be programmed in any manner known in the art.

The functions of each unit may also be implemented, in whole or in part, with
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CQ codeword and correspond to that carrier (codewrd 1205-a for d,
codeword 1205- b for C2). [0105] Instead of, or in addition to, using the
hi gher spweadimgod2act or, CQ data and acknow edgenent i rCorusatilonienny be
repeated, which may thereby result in power savings at a UEE CQ data for a
dual carrier codebook may be repeated, and/or CQ data for a single carrier
codebook may be repeated (e.g., see FIG 11). This CQ repetition may be
for MMO or non-M MO carriers. [0106] FIGS. 8-12 thus illustrate exanples

of how di f f efeiRictieRASRAIE in SRERS ﬁ* MEmhRQAtObSexcb@BEDY SreQR modgbnkQl H1t
encodi ng of CQ data and acknow edgenment infornmation nay be used to

mai ntain a cHMSEARD-SPREHIEISWel e and/ or to reduce power consunption. The
foregoing exanples illustrate flexible mappings of the CQ information of
carriers w t W06l widreetiver epdule 61 dmey sgeise wirdlessmmmaly €c- & tdasaiticid dlogrey i n

OQ transm Sgig d'p 2bs BPFR‘F"’Y% o‘ﬂ%?%ﬁfof?é or.tqﬁfrgﬁl%ﬁﬁé 805. ”lEh%geO\Z{{eler ‘érighaﬂQ to FIGS.

13-16, a series of exa ‘ar e own illustrating how ac enent
i nformation maybd:)mymmdanarwna PhgloSpeed D@wmmkSMaadethmnaﬂ(i\ﬂE}lDSﬁlH)ead/on ers are

activat ed. There are four |ff 0t 9 ns .set ny may be
eea. 1 0108 ool AEGw Bl SanEHuBAR 4RE be By o S A 7Y,
downl i nk car Chemsl (HSyS(EIH{ﬁCRIBmdﬂlemdtwmmadlﬂe agﬂ maﬁideﬁufpfheammlaacaiﬂ%

Referring to FIG 1 tes. a first option using
SF 108, "aner BTG IGBHETe MO RRBTO R PO A8 SupES Boinor ned and
jointly encodeadgddn an ACK/ NACK codeword (using a DC- HSDPA codebook) in a
half slot in the first TTlI 1305-a for carriers 1 and 2 in the first 10 code

synbol s, and| o‘ovyt hefe @@pﬁ@&s&@m@ﬁt RoRRCPDhAYakfimsb Slanhdl (hiBy $8GAAHA0 code
synbol s. The codebook used in each half-slot nmay be the sane as the

codebook use®ricsrhré thegdengfieddovybmpgaryigr SaThQerPd@F]é@nCO@r meduleddéBooks may be
used (e.g. % Mhmdﬁ%m%ﬁ?ﬁ%@hﬂﬁbn@& dﬁ%ﬁ‘g) basg@érpglurﬁ?efr %f ri ng to

FIG 14, a bl otk di agram 1400 1llustrates a second option using SF 12
wher e acknomﬁcéldgtedréwnhnhfcmmt armngfocﬂrer Gictoan drhay, thy eonbgurbiioved thenpliplbi nt | y

encoded in a g@% | f sl ot
in the secongor@%%h%@%@gg)ggwﬂ QH I%g in teﬁQ@a}%??@%@c b&égd@synbol S.
For the secofeddiagk éncoflertnheluls] 6@6 matv hecoldsd@ﬂ@(ﬂld cpame] @urlipfinfotreatidh and

t ransm ssi °”§ckf’¥§‘\¥1e{1’ n%l 1nrtlorg} tgL 9‘31%8911881 theI u%n]% 0The t%?sml er 110 lhé) ck

di agram 1500 tes a er er'n the ac edgenent
i nf ornati on mma;aura"nsmrtsheldoamdinlzc}mnmelnnamﬁmfdirtrmdon‘ ar eatlhearvibrahné sl ot 1505

usi ng SF 256. . The, ACK/ carriers .2. may. be tra itted using
the Sane as IHOSOEHIBI Teadonr e kb B el Rt SPETRN 8 e hi
option, the Bm.eaziong).factor may thus be changed per slot depending on the
nunber of carriers being received at the tine.

[0078] This flexible configuration may take a variety of forms. For example, as will
be addressed in more detail below, the feedback encoder module 625 may repeat
codewords when certain numbers of carriers are active, and transmit different
codewords when other numbers of carriers are active. In one example, codewords are
repeated in one or more slots of a transmit timing interval when there are certain
numbers of activated carriers, while different codewords are used for the one or more
slots of the transmit timing interval when there are larger numbers of activated carriers.
The feedback encoder module 625 may reduce transmission power in the mobile device
when a codeword is repeated. While some aspects are flexible, the feedback encoder
module 625 may maintain a constant feedback cycle when different numbers of carriers

are activated.

[0079] There are a number examples of using repetition in a flexible manner, in

relation to both channel quality information and acknowledgement information. In
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[0111] Turning to FIG 16, bl ock diagram 1600 illustrates a fourth option,
where the acknow edgenent information for carriers 1 and 2 is transmtted
in the fiwetomdoeade synbols 1605. In the second 10 codeCIyusball®246a3
codeword 1610 signifying a discontinuous transm ssion (or "DIX") for the
other two carriers (e.g., carriers 3 and 4) may be transmtted. A DC- HSDPA
or DC-M MO codebook may, for exanple, be nodified to include such an
addi ti onal codeword. [0112] One of ordinary skill in the art wll

appreci ate tQﬁ&:&@&b%éG%%h@ﬁﬁmﬁ@ﬂ&h&m@B@Q&@bfﬁhf&ﬁﬁ&§&ﬁw&@&)ﬁ&knOMﬂedge”Pnt
I nformati on shown in Fi 3-16 may readily be made to acconmpdate the

case wher ei nfeedack grgodeimmqdaled2q sray gfag chynnelpialiyy infagpasiay forgcpiigeindarri ers 3

and 4, rat hegm%l@%ﬂe%fcf LR Bpcht AR dodewokPthIwh sdlBER e ok R a MUAREGT iRingdi f f €r ent
ways in which codebooks (e.g., ACK/ NAK codebooks up to Rel-9) may be

mapped to t hat thepthe recavedditignalracvamd qetrrors (@125 Whes MDfan eraers Agn- M |vo)

are configur n:
2011/ 100627 P%‘?’?%%@Ol%? %gﬁdgggn?g%ﬂ’é&%?é %a%%ﬁegy%%%ﬁ%%gc ol %ﬂﬁ%%[?g B
activat ed caforidirg carBeiDh acadawosd sndabarfrichuredty ihdtmarjonTats secendfoarrichimra

provides an S@%@ codgworla (gﬁﬁga%%{osg g?&%%?&é%%‘gm&?&con ]@\%9 s&c@e sil]}_fg_, DPCCH

channel when ure

operation. slots of the transmlt tlmlng interval.
[0080] In another set of examples (e.g., assuming that there are four of four carriers
activated), the feedback encoder module 625 may encode acknowledgement
information for a first carrier and a second carrier using a first codeword and
acknowledgement information for a third carrier and a fourth carrier using a second
codeword. The feedback encoder module 625 may group the first codeword and the
second codeword for transmission within a slot of a transmit timing interval. When
there are fewer activated carriers (e.g., when two of four carriers are activated), the
feedback encoder module 625 may encode acknowledgement information for two
carriers using a different codeword, and repeat the codeword within the slot of the
transmit timing interval. In still another example, there are three activated carriers (e.g.,
when three of four carriers are activated), and the feedback encoder module 625 may
encode acknowledgement information for a first carrier and a second carrier using a
codeword and acknowledgement information for a third carrier using a second
codeword, and group these codewords for transmission within a slot of a transmit timing

interval (e.g., each codeword using a half slot).

[0081] The feedback encoder module 625 may modify an uplink control channel
based on whether one or more of activated carriers are configured with MIMO. For
example, the feedback encoder module 625 may use different codewords depending on
whether the activated carriers are configured with MIMO. The feedback encoder
module 625 may also use different spreading factors for given portions of a transmit
timing interval depending on the number of activated carriers. A spreading factor used
for channel quality information or acknowledgement information may, in one example,
be 128 or 256 depending on the number of activated carriers. The feedback encoder

module 625 may also map carriers to different portions of a transmit timing interval
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Tabl e 2: Mapping of |egacy codebooks to activated carriers; 4 DL carriers
configured [0115] There are a nunber of additional options for flexibility.
I n one sewoahiewespl es, feedback of CQ and ACK/ NAK si girairaistan/o346Mt
carriers with 1 MMO carrier may be supported using the two options
described below. In the exanples shown, carriers 1 and 2 are non-M MO,
while carrier 3 is MMO. [0116] FIG 17 illustrates a first option for
transmtting CQ and acknow edgenent information in a TTI 1700. In FIG 17,

the acknow egdgrA®A o ME ALABErio Rotfvaied BRAMN MBhiS 8fappifs Bexkbiiitns sE¥aRRe encoded
usi ng t he DC- HSDPA ACK/ NAK codebook 1705, whi]e the acknow edgenent

i nformation foghameMyaiyripfoapatmn g gckyawiededrratinfmaion $eis-SC- M MO ACK/ NAK
codebook 1710. The channel quality information for non-M MO carriers 1 and
2 may be encH@82 u9n agpthasdeamnlel shef feesthrelrmc®icr HEDHAOLTOMay mdwtsoologicalnd
provided in L t. 17 : 1 q ' ' ' . M MO
carrier 3 na?/qu(!:elﬁgfn(%g%gl eﬁé} %s%ag%%}%ﬁl%gﬁ%&egmﬁ%ﬁdéﬁ %&%t%%%qu%%g Sook in
t he subsequendtivatedtthdfp@Ocarridneas@Qiatéderitthabkicelsenentidyrdve Whewonealrimarir ee
carriers 1, 2, and.3. 117] F 18 il lustrates econd. optj.on for
Cransm ¢t g e eedrtlilul) Gaitey BT DG AASRHRY 1R 6 18,
t he acknow ecgeeeniy bopesdreddiio thefuplinknamnivbMBamat.ri er 1 nmay be encoded using
t he SC- HSDPA ACK/ NAK codebook 1805, while the acknow edgenent information

for non-M MJ(083] | Brandthanetaihivne 8O hidksudeniBRy mb&ul€ BB eshflsgicago t he DC- M MO
ACK/ NAK codebook 1810. Furthernore, the channel quality information for

non- M MO car K #ctha{joref aaadditiens! patisiganddhelreihack sicadsr mpduis62pspPA Col

codebook  181g,npich & hb&rcdyanashtdurkictiplihDE NP fQpondRBMMO carrier 2
and M MO carrier 3 may be encoded using codewords fromthe DC-M MO CQ

codebook 1828ctivEtigntidicrpddisiona] griery f eedback cycle for carriers 2 and 3 may

be 2, while the CQ feedback cycle for carrier 1 may be 1.
[0084] Turning next to FIG. 7, a block diagram 700 illustrates an example of an

encoder module 625-a that may be implemented, for example, in the mobile terminal
115-g of FIG. 6. This encoder module 625-a may also be implemented in a UE 115 as
described with reference to FIG. 1, 2, or 4, implemented in the system 100 of FIG. 1 or
system 200 of FIG. 2.

[0085] The encoder module 625-a includes an ACK/NACK codebook selection
module 705, a CQI codeword selection module 710, a mapper module 715, and an
encoder 720. The encoder module 625-a may receive an identification of the number of
activated carriers, along with downlink channel quality information for each carrier and

acknowledgement information.

[0086] The ACK/NACK codebook selection module 705 may receive the
identification of the number of activated carriers, along with acknowledgement
information. Based on the number of carriers and perhaps other factors (e.g., whether
each carrier is configured with MIMO), the ACK/NACK codebook selection module
705 may select the encoding scheme (e.g., which codebooks and spreading factor) to
use for the acknowledgement. The coding scheme, code repetition, spreading factor,

and power use may be varied depending on the number of activated carriers.

[0087] The CQI codeword selection module 710 may receive the identification of the
number of activated carriers, along with downlink channel quality information for each

carrier. Based on the number of carriers and perhaps other factors (e.g., whether each
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[0118] In another exanple, feedback of CQ and ACK/ NAK signals for 3 DL
carriers with 2 MMO carrier may be supported. Carrier 1 is non-MMJ while
carriers Roand/Bo&@re M MO. FIG 19 illustrates an opti oRrCrars2amapeastti ng
CQ and acknow edgenent information in a TTI 1900. In FIG 19, the

acknow edgenent information for nonMMO carrier 1 and M MO carrier 2 may be
encoded using the DC-M MO ACK/ NAK codebook 1905, while the acknow edgenent
information for M MO carrier 3 may be encoded using the SCM MO ACK/ NAK
codebook 191@,ri@Ss &afibh@d wits SEMBL the IR Mow Ird S RALIROule ¥ EmEAe1deor

non-M MO carrier 1 may be encoded using codewords fromthe SC- HSDPA CQ
codebook 191t cpgading sghsamecder. phich sadewordstaned snveadmectastey) & we fantha Qhrrier 2
in FIG 19) Hﬁw)ém*?s%oﬁ%ﬁ%%lﬁl@ﬂ&c%gf(ﬁ:% eﬁl% Joﬁ@?@p%tﬂ?onséﬁré\éhh@f&@r gRdebook in
t he subsequent slot 1920 for the other M MO carrier
(i.e., M MO pawarjues may pqvarind éemn@n@meyheﬁn@ab%@fwtaﬁt@ﬁﬂrﬂera inalater slot.
The CQ feedback cycle nmay be 1.5 for all three carriers, and the CP of
SC- HSDPA CQ [0688] b”éheZd:Eppleolmdulet MmiMa@Pdmirnltnﬂteh@(ﬁe]\ddh/ﬁ)yﬁﬂorma[tﬁﬁ19] Thus,
as illustrated | ex f.or

codebooks, sﬁrs E‘Fﬁrél %ncd?a "Vsl%drs%ﬁmﬁat mftorma“ﬁa %ﬁerem Sa‘%%ﬂﬁ%p nf‘méﬁgﬁ%‘% ting CQ
and acknova eﬁhgehsmnf adtindted cartiér@NinGOme Inetampﬂsj thklog&ﬂhhetlﬂmatlﬂ:lmﬂddrgﬂratl on may
depend on the nunb rs of carriers actlvatgd agrg( % MO i s used.
Repetition aﬁ&‘a}%l?%ﬁc IVEHREAHT H8Y Rayeingg Th By LS ?ﬂ{le WS et or s.

Usi ng _theze_ hredbatkioaes The cacddeexiohhs diBaRekc daae;c t@®6$ﬁﬁﬂdﬁilttécﬁed@dﬁ§|t(cy0|be is .
mai ntai ned in saone, exa of techni so be use
for | ogical SPGBy nﬁg&%ﬁ%&ﬁ%o@?@ok gg?%@n gpdylg AP, %Iéﬁd A system
the | ogical g@aRRbNGIST SEY, aﬁ@ﬁﬁpgepmmﬁguﬁsm es may be provided by RRC

si gnal i ng, and may be nmade as fol |l o ad ->F1, €2 ->F2, C3 ->F3, and 4
->F4, V"“ere' 8 As Qé%?;%e% abQ&! ﬁ§me7{]£ﬂ &%a&%&*’@é&éob%e%é‘épﬂ&%h 4, and F1-F4
denot e act ua carr| er frequencies rough I'n one exanple, if 4 DL

carri ers ar ecawnfiieatipecbraiogolt WeiciNlthaws nd@wlj]isih?laﬁtde@ UMga e have hlgélaergb@sl bl e
resul tant se ri.er I o ) rriers; 3
Non- M MO car{rrllgirreé%e%l g]%géa)dtg %Eﬁgérn?d g?@hﬁ%&?%mizﬁﬁeg@ﬁ% 1M I\/D

carrier; [0128}ioBkn@viDis fearcairer BSDPANGR upitoogaelchemektr@dsmitiDbg aliti er s;  and
[0124] 4) 3 B Egreﬂul?ed%o céntaMl I}@fllga%[( f? rnia’ti*a% ?ulcggl A%?ﬁgﬁe @( the fact that

SO many conbi 4 S are de5| reable. In
one exanpl e, inférematerdier up)fo fbmgiomlmkmmnm gE®h ab‘ianlufk aagien trmy be contigered a
carrier is dgsaac rglli11¥iglte?19put multiple-output (MIMO) carrier or a non-MIMO carrier. To transmit

such feedback information, the symbols of the HS-DPCCH channel may be spread

using a spreading factor of 128. In this case, 20 code symbols are available per slot to

carry the feedback information, as opposed to 10 code symbols if a spreading factor of

256 is used, as in releases of the W-CDMA standard up to Rel-9.

[0090] For transmission of the feedback information in 4C-HSDPA, the codebooks
for SC- or DC-HSDPA (i.e., single carrier or dual carrier non-MIMO) and SC- or DC-
MIMO (i.e., single-carrier or dual-carrier MIMO) currently found in the existing W-
CDMA standard may advantageously be re-utilized.

[0091] In the following examples, flexibility related to the uplink transmission of
channel quality and acknowledgement information is illustrated. In the examples, up to
four downlink carriers may be activated. However, as evident to those skilled in the art,

there may be more, or fewer, carriers in other examples.

[0092] For HSDPA, the HS-DPCCH carries acknowledgment information and a

current channel quality indicator of the user. This may be used by the Node B to
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[0126] FIG 20 is a flowhart of a nmethod 2000 for configuring an uplink
control channel. The nethod 2000 may be performed, for exanple, in whole or
in part byoaoldAode3 as described with reference to Fl G PCT/UR2014/024583 6,

i npl enented in the system 100 of FIG 1 or system 200 of FIG 2. At block
2005, channel quality information is estimated for a plurality of downlink
carriers. At block 2010, an uplink control channel is configured based at

| east in part on a nunber of carriers in the plurality. [0127] FIG 21 is a

flowchart of cacyiRt RAH mAdiPGtd Rrse£PRIhAUE bR thedRxURhIMKsiGR ML IR fothvdagel . The
met hod 2100 may be perfornmed, for exanple, in whole or in part by a UE 115

as descri bedSXgmpe: p ériysiemds wedfor pumpses of cxsmpd (cigmircesiand@0 ph t he
system 100 ofiich Gr syktd@ 260YsHFe@ 2 QRelin aF['J@l 1?tra1{s9ﬁ1§§J }%dehi 96%orta 1. channel

qual ity information is estimated for a plurality of domn ink carriers. At
bl ock 2110, PB@CWWI)OHOWGWTMt@SG%fOFP‘@P@SGW@XF@EMOPM@@nOA@l apdestsk 2115,

t he nunber oﬁmig Hﬁ %ﬁ&hﬁﬁﬁu QQQEQHE M MO are identified. At bl ock

2120, an uplin hannel 1s con g re “based at least in part on the

nunber of ca in.the rajlit er of.carri r conflgured
wthom o, Wl Pin BB R B9 mhEn BEBRG: SPGB R 357 S
fl owchart of aaivaed kedin? 04, fsonne crmlntmegrfnhertgrraafs il bedonfignrtd olth sfizitnel . The
met hod 2200 erfor for n whole qr in rt by a UE 115
e Sescr  bed T e TeRrunaaE tnynpesloh iRyt gl g Qe b e brfiler e
system 100 obf dctitatedlcaiicrs ¥ad @6MABerof thobdzarors ¢Aligbd Aith MIdK V2Qks t he

nunmber of active.carriers on th ownlink are identified bl ock 2210, a
number of t h&P MEVEFINaG§-e §ﬁ$.fl&errb§aw%m0mwa regﬂé@f%qﬂl@d At bl ock

2215, CQ  anghndictow @dganeator Fouk edrat | aeh #a, o@@&tho@CM[Me) G fobdaclar e
identified. At block 2220, the codebooks, use repetition, and map

ng
related to tPYEHSRINGEH GRASEAL Mﬁﬁﬂb%&g@%ﬁ@%ﬂ?ﬁ&%ﬂbﬁﬁfé@s %f‘érvefélteéﬁl based

on the nunbep,Qhi@thioy€Qs ?Jr AR Wmﬁb%clﬂﬁ(ﬁﬁé@ hreQbs MbMNGARLY BESin At bl ock
2225, the codebooks, use of repetition, and mapping related to transm ssion

of OQ are sBOWRES®BANS (5as®y rensatiiganfarmasion fofcerein cyscissorcpmbigingnd t he nurber

of M MO Carrhﬁ&ﬁmﬂ&?ﬁ?&ﬂé&ﬂ%h Regardi ng the Description [0131] The
detail ed description set fort bove in connection with the appended

dr awi ngs des es I dip,ent n I n he only
enbodi nment s N?b@ 1 %ﬁ@w%% éer%r%gl)% féiuo'ruetsd1 rﬁsgggﬁw ?ﬁ%ﬂrat{o {5 Cglo&née} of the
clains The mqunh&memnmamwbruﬁﬁdwkmﬁmmghn&mnmthMﬂﬂ@dﬁﬂ@nnmmbmeams

"serving as an.exanpl e or |IIustrat| " ef erred" or
+ Sdvant ageout s AearRete e To B it ilbe PR fB%e BF e 1R nel des
speci fic det airtias ﬁaiwﬁemebupmromﬁ exaniplersrtmte thia P athélhﬁlﬁibﬁlgh)f Uaﬂde’é stnandi ng of
t he described techni ues Chnlq s, however acticed
Wi t hout thes%“@ﬁ@ﬁ@? Qﬂ? q? I%Bﬁbuﬁﬁﬁgbﬁgﬁgﬂmﬁﬂm Sf uct ures
and devi ces ae@ashewne sy BkecK odicaghaim&or min order to avord obscuring t he
concepts of the described enbodi nents.

[0095] Referring to FIG. 8, consider a design wherein all four downlink carriers are
activated, and are configured with MIMO (denoted by C1, C2, C3 and C4). Precoding
control indication (PCI) and CQI data is reported for each carrier, and a spreading factor
of 128 is used. FIG. 8 illustrates the example configuration 800 of two TTIs. In this
scenario, the CQI feedback 805 is transmitted in a TDM fashion for cach carrier. All
the carriers are configured with MIMO, the CQI coding scheme uses a single carrier
CQI (20, 10) code (using SC-MIMO CQI codebooks in this example). The feedback
cycle in this configuration is two (which may be 4 ms, since one TTI is of 2ms
duration). The PCI and the CQI data pertaining to a carrier are sent in the same CQI
codeword and correspond to that carrier (codeword 805-a for C1, codeword 805-b for

C2, codeword 805-c for C3, codeword 805-d for C4).
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[0132] Information and signals nmay be represented using any of a variety of
different technol ogi es and techni ques. For exanple, data, instructions,
comands,wonbarwed27on, signals, bits, synmbols, and chi peCrhstommy4chs
referenced t hroughout the above description may be represented by voltages,
currents, electromagnetic waves, nmagnetic fields or particles, optical
fields or particles, or any conbination thereof [0133] The vari ous
illustrative blocks, servers, and nodul es described in connection with the
di scl osure hgpesn n@iNis la@anhﬂrplt&m@iahg%p@ﬁu&%f @ 0 di ththéh EMEEGhe PUr pose
processor, a digital signal processor (DSP), an application specific

i ntegrated cfFRE meweﬂsrf@)m WA {G2ergrpRsg faresseveginaieninthy i EEGA 09r ot her
progr anmabl e, QG HaViF €3 afll 88 LRILPRE Bor Hcck LR %’al%ffé?rm {h‘égé&)nd girpcrete

har dwar e conponents, or any conbination thereof signed to performthe
functions destb.bladhihexaminic, tlmreg@n@r@pumfpb@eAﬁﬂ%é ipformgtidyan a

M o1 Opr0cesSien PHL ahdtnt BE-NENAAIYR mb/ie RECORRSBhnd LB AN

conventi onal “processor, control m cr ocont r ol or state machine. A
processor maipfamgtorier C&rphds@%mlte@dmhsleéa@oninﬂmammdw infan ASHPNRICKg devi ces,
€.g., a Conb&;}%%v' I%rin gfhal?slg)tsllr:l) tl%qgrstafﬁ8qggp£n(acagﬁlso%led g@i{éntt r&gr?natlo F]or C3
M Cr opr ocessors, rocessors ﬁ ction Wt DSP
core, or anyamﬂt%xre somhnﬁbmﬁu@uﬂ)aencod‘ad ip @ﬂB@](ﬂTh@IQ‘mderd)nsthdmomd bed

h b d
T v o o Bt TR Sy R R By P R P B RS C0en by

a processor, bé kpediddria tHeaiest THY81b®. st ored on or transmtted over as one or
nore instructions or code on a conputer-readabl e medium Conputer-readabl e

medi a incl Udﬁm9h0t”ﬂu1ﬁfﬂ%wﬂ1@l’sceﬁhm RO I Huf d @kl ink QEMMIRAIaBdctiONedTR G Aure
i ncludi ng any nedi um t facilitates transfer of a conmputer programfrom

one pl ace t otuigtisd with ATMQr Bgkandddlinioraation dreArported 4¢1cash @mirsd il I§iF t hat can

be accessed DY@ GRRRLALxaRPIRERENRLctTRALHAw, I%Hdi PARENaPBPHE" - By way of
exanple, and not limtation, conputer-readable media can conprise RAM ROM

EEPROM  CD- Rﬁﬁb@ P9 QS%{egﬁJe ke §$n‘?{gﬁ&ﬁon T &l f%lkthég% age or
ot her magnet t orage eV| ces, Oor an iumthat can be used to
carry or st ocaerldeéden@ddmﬁgr%ﬂé@dé%ﬁdn@w secndro, fhe QI décdbavst9Pfict | ons or
data struct u{r nssmat?e(a 1111 h%bl\f%“m&? fo?’%gc%s ?u%er theanlecoﬁ sc}ReH{e u?éss ) s?néle

speci al - pur pos of Speci a

processor. Ablsmnela)@ (Zﬂ) r]ﬁl)a@tie CSC H§DﬁA01p”élneI &edbecrkrmzdlean qumuﬂgrratmaadabl e

medi um For exa i f. the soft S ted froma vveb3|te server,
or ‘ot her  renBrRRotP CELTR S BbmdrarCean BE CRl yEpmulipr balBREl uE i St e
pai r, digitatarS¢Hascdehbiarihd same QQDSbJewodd ant doat@ssd toanahlamlelg(lc@(&muth as

i nf rar ed,

o oroa et s, B bR b5 BT ek 3 e B TRl S

m crowave are included in the definition of nmedium Di sk and disc, as used

herein, incl (89l okghis examnle teepy no repsationdpshie AGK/NALK igfosmationigpt al
versatile di gl%r(PMDLnd Jlﬁh@ng?lYD@'}ﬁ#DP@\nQCWACﬁ%o&’éb%SkSVé@@{h%wﬁ' sthg usually

reproduce dafa magnetically, while discs reproduce data optically with

| asers. Comb¢adgbialmée. ofthe H@ MBIV A G/l eodebedkadady e uskd-nTliche scope of
conput er - 1 eagalh eicRSle ink MR 1T116) RLAY GUSABRETIRYLRMA Glooddian dh SCl osure
is provided to enabfe a person s he art make or use the

di scl osure. X&K/W4EKmodiviird at 4 misslatof thadird T ¢ P Ysuraed wiknbwlsdganeatli | y
apparent to s defined
herein may be n?oqﬁlg 1&#@ lg?gn §4 El1%\6/&811?55161 | ons]OﬂItlfﬁ%Eé?&{jlg%%R[l ngAnggm t he spi r| t
or scope of tdwkewdrdsn thesocoad hallﬁslou@hmm‘cesmm gamifes ol thsﬂrseTTIﬁelOtaerlme bexanpl e"

or "exenpl ar |nd| S an.exa n and does not inply or
require any é@%?%? gg&?é?“?ﬁéen§?§3“%§ W%&ipgﬁh the disclosure is not
to be limted nd desi gns descr] herein but |s to be
accorded t hel%f’%iesFK‘sé&;s@S%tﬁ%ﬁ%g fmpiquﬁgwﬁ%%w%ﬁef merTIaFRi 1??0‘49@ features
di scl osed heéa@hé}s (dc8di36by These cunhd @4pf1nrﬂh§sdﬂ@Me Gl O@YoontiBethivindyal I'y or

col l ectively, be |nplenented with one or plication Specific

| nt egr at ed chasedip groppisy esicralia grbe? eeyl Jﬁwlvsv%d%r%e GR! igfqrmaionipa

appl i cabl e f ypgt LaR% ot d@gfad%EE is répchRl NRfahMBikdon ﬁd@@er 4P BE LN dWBHen be
performed by one or nore other processing units (or cores), on one or nore
integrated circuits. In other enbodi nents, other types of integrated
circuits may be used (e.g., Structured/Eﬁatforn1ASlCs, Field Programuabl e
Gate Arrays (FPGAs), and other Sem -Custom I Cs), which nmay be programred in
any manner known in the art. The functions of each unit nay al so be

i npl enented, in whole or in part, with instructions enbodied in a nenory,
fornatted to be execut ed by one or nore general or application-specific

o S o AU IA™ 1 £~ 271 Al R By~ 1




1. A nethod for wireless comrmunications, conprising: estimating
channel quality information for a plurality of dowlink carriers; and

confi guriwg 2an/wp27nk control channel based at |east inPpamS2an/oaeasinber of
activated carriers in the plurality. 2. The nethod of claima1,
wherein the configuring the uplink control channel conprises:

repeating a codeword within a portion of a transmt timng interval when
there is a first nunber of activated carriers in the plurality.

3. The net hod qf-wetdab FBpgated’\’f'ﬁﬁlﬁhﬂB/ wﬁe@mfahg@mlafwgrmﬁd wguhekanqgahﬂ}ol

channel further conprise educi ng power in a nobile device

transnitti ngctcRecdip Plswgle@@éﬁ\*f%qi 1005ah h\élllchrl%gep%ﬁﬁ%du \fé notedy the CHE FerLATISE.

4. The net hog; gfiy €b &l rBchted WIEHEI Btk Mﬂ&{% 410K, a%@'ﬂ{er@dn foPaigl i anfepfigured
to maintain a constant feedback cycle for different nunbers of activated

carriers. is also repeated. 'Bhis shemeraraj aldovo for ¢ip &t wakictfigipnsy ghin dupto thonf i guri ng
the uplink CR:BE‘[{‘LR)IH. (Ahtﬁ&ﬂg?llthé:@e@fa&t%ﬁsused in the case of HSDPA CQI encoding are 2dB

higher, the gain due to repetition means that a gain of +/- 1dB may be obtained as

compared with reporting CQI data in FIG. 9.

[0101] Although this scheme is more link efficient when compared to FIG. 9, it may
be more complicated since a different CQI configuration can potentially result from
cach combination of MIMO and non-MIMO carriers. As a result, the CQI
configuration would change when one or more carriers are activated or deactivated.
This design principle is a “flexible mapping” approach. Different tradeoffs can be
employed. For example, different codebooks, spreading factors, repetition, mapping,
and joint encoding may be used when there are different numbers of carriers activated,
and considering whether MIMO is used. Using these techniques, a constant feedback

cycle may be maintained in some examples, and power savings at the UE may result.

[0102] Referring to FIG. 11, three downlink carriers are activated, and one is
configured with MIMO (denoted by C1, C2, and C3 (MIMO)). Precoding control
indication (PCI) and CQI information is reported for C1 and C2 and jointly encoded in
codeword 1105-a, and repeated, and for C3 alone in codeword 1105-b, and repeated.
FIG. 11 again illustrates the example configuration 1100 of two TTIs. The feedback
cycle in this configuration is two (which may be 4 ms). The configuration is flexible as
the mapping and encoding scheme used is varied based on the number of activated
carriers. The MIMO CQI is repeated while the two carrier channel quality information

encoded into one codeword is also repeated.

[0103] In this example, there is no repetition for the ACK/NACK information in a
given TTI, and use of DC-HSDPA and DC-MIMO codebooks are shown. In other
embodiments, only DC-MIMO codebooks are used for the ACK/NACK information.
The acknowledgement information for C1 and C2 are combined and jointly encoded in
an ACK/NACK codeword (using a DC-HSDPA codebook) in a half slot the first TTI
1110-a, and acknowledgement information for C3 is encoded in an ACK/NACK

codeword (using a DC-MIMO codebook) in the second half slot for successive transfer
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encodi ng,
plurality,

codewor d woaoriande|

when there is a first nunber of activated carriers in the
channel quality information for a first carrier in a first
quality information for a second cacmiuseotim2443econd

codeword; and grouping the first codeword and the second
codeword for transmission wthin a transmt timng interval
6. The nethod of claimb5, wherein the configuring the uplink control

channel further conprises: groupi ng, when a second nunber of the

plurality of jdpwnki TR 03041 EhSuRo? (1R dodlREs meNBORBatUR kiictnxd Tffor mat i on

for a first carrier
transnit timh§8nterval.

in a third codeword; and repeating the codeword in the
7. The nethod of claim1, wherein

the configuring the uplink control channel conprises: encodi ng,
when there i B184]f i ReferrmgnbBIG.dR2, iotdowatiedticasagrs are petivateds dnd apd agnfigured,

acknow edge | ' [ ' ri er using
2T ot “codenns WMELIRGER, b Doty 08 afBe QL Ao RER AGEA BL V31 0%
fourth carri emriersiFig 18 iBetotes the ogkenyde donfigmdtion 1200 of two TTIs, and a spreading

factor of 256 is used. In this scenario, the CQI feedback 1205 is transmitted in a TDM
fashion for each carrier. The feedback cycle in this configuration is two (which may be
4 ms). The PCI and the CQI information pertaining to a carrier are sent in the same
CQI codeword and correspond to that carrier (codeword 1205-a for C1, codeword 1205-
b for C2).

[0105] Instead of, or in addition to, using the higher spreading factor, CQI data and
acknowledgement information may be repeated, which may thereby result in power
savings at a UE. CQI data for a dual carrier codebook may be repeated, and/or CQI
data for a single carrier codebook may be repeated (e.g., see FIG. 11). This CQI
repetition may be for MIMO or non-MIMO carriers.

[0106] FIGS. 8-12 thus illustrate examples of how different codebooks, spreading
factors, repetition, and joint encoding of CQI data and acknowledgement information
may be used to maintain a constant feedback cycle and/or to reduce power consumption,
The foregoing examples illustrate flexible mappings of the CQI information of carriers
with or without repetitions so as to improve link efficiency in CQI transmission or to

power used for transmission.

[0107] Turning to FIGS. 13-16, a series of examples are shown illustrating how
acknowledgement information may be sent in a slot of a TTI when two downlink
carriers are activated. There are four different options set forth below, and any may be

used.

[0108] In these examples, acknowledgment (ACK/NAK) channels for downlink
carriers may be accommodated in a single slot of an DPCCH. Referring to FIG. 13, a
block diagram 1300 illustrates a first option using SF 128, where acknowledgement
information for C1 and C2 are combined and jointly encoded in an ACK/NACK
codeword (using a DC-HSDPA codebook) in a half slot in the first TTT 1305-a for
carriers 1 and 2 in the first 10 code symbols, and further repeated in a second half-slot in

the second 10 code symbols. The codebook used in each half-slot may be the same as
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grouping the first codeword and the second codeword for transm ssion wthin
a slot of atransmt timng interval. 8. The nethod of claim
7, wher eiwotzha/woarf7i guring the uplink control channel fecThiseoicosns ses:
encodi ng, when there is a second nunber of activated carriers in the
plurality, acknow edgenent information for one or nore carriers using a
third codeword; and repeating the third codeword wthin the slot of the
transmt timng interval. 9. The nethod of claim1, wherein

the confi gur ind@oddBBoliRkil KR GINHF OC-HRINRI o LARPE. | OMSE codebooks may be  €ncodi ng,
when there are three activated carriers in the plurality, acknow edgenent

i nformati on PSR (@ f PEIVMINAAGRNAGKdcalckeokp gy bakseler using a first codeword

and acknow edgenent information for a third carrier using a second

codewor d; ant109] Referring to BioUdi njockhdiagrimd #0tidldsivetns d seqodd ppteongsgnd
codeword forgth 1SS L 4Rl - t L o b ' val .
0. “The' metheh o erarby b uarer B PntoBl ube e sl B G
channel conperncséslin an ACK/NACK codewea@d i(usgngadhkGolfiDRdgentelmtok) mfadnaifatot on f or one

8][ gD{ rGa?lg:nr {h%{s:lssc %&1 g??}q@g;al/féfs é.[arr(i\'e%j PUR fi inftﬁer ﬁrts{ ﬁpcsome gysrrilbooﬁ]s. -0,% Hlieigec%ncrl1 alf-sl ot
half of the slot, the HS-DPCCH portion of the UE transmissions may be turned off.
[0110] Referring to FIG. 15, a block diagram 1500 illustrates a third option, wherein
the acknowledgement information for carriers 1 and 2 are transmitted for the whole slot
1505 using SF 256. The ACK/NAKSs for carriers 1 and 2 may be transmitted using the
same as the codebook used in Rel-8 for DC-HSDPA. According to the third option, the

spreading factor may thus be changed per slot depending on the number of carriers

being received at the time.

[0111] Turning to FIG. 16, block diagram 1600 illustrates a fourth option, where the
acknowledgement information for carriers 1 and 2 is transmitted in the first 10 code
symbols 1605. In the second 10 code symbols, a codeword 1610 signifying a
discontinuous transmission (or “DTX”) for the other two carriers (e.g., carriers 3 and 4)
may be transmitted. A DC-HSDPA or DC-MIMO codebook may, for example, be

modified to include such an additional codeword.

[0112] One of ordinary skill in the art will appreciate that modifications to the channel
structures for acknowledgement information shown in FIGS. 13-16 may readily be
made to accommodate the case wherein the two carriers detected by the UE instead

include carriers 3 and 4, rather than carriers 1 and 2.

[0113] There are a number of different ways in which legacy codebooks (e.g.,
ACK/NAK codebooks up to Rel-9) may be mapped to the HS-DPCCH channel when 3
DL carriers (MIMO and/or non-MIMO) are configured for operation, and Table 1

provides one illustration:
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11. The method of claim1l, wherein the configuring the uplink control
channel further conprises: configuring an uplink control
channel baediiatod2ezast in part on whether one or nore ofCrhs2@phoeststy of
downlink carriers are configured with M MO 12. The net hod of
claim1l, wherein the configuring the uplink control channel further
conpri ses: using a first spreading factor for a portion of

\\\§

transmt timng interval when there is a first nunber of activated carriers
o N R 3 3 X \ 3
X

) NN \
ortion of t N T Al RN ~\‘§\\
first nunber
of claim1l,
conpri ses:

=HRDPA £ SO-HSDPA
SEERS X0 HSDIPS codebook

23
£

- DHORERIO 1 MEBIO S L non- MEMD Cameeyr
SCMIRES { AEND

L]

Table 1. Mapping of legacy codebooks to activated carriers; 3 DL carriers

configured

[0114] Table 2 further provides an example of how legacy codebooks may be mapped
to the HS-DPCCH channel when 4 DL carriers (MIMO and/or non-MIMO) are

configured for operation.
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encodi ng, when there is a discontinuous transm ssion for one or nore
activated carriers in the plurality, acknow edgenent information for the
one or noOWe 20mrmd@rs using a codeword signifying a di sceaTiusa@u®24643
transm ssi on. 14. The method of claim1l, wherein the
configuring the uplink control channel further conprises:

mapping a first carrier to a first portion of a transmt timng interval
when there is a first nunber of activated carriers in the plurality; and

ITBppI ng 1 he . X N s ‘V NN \R\\;\Q nt er Val
when there i 4 BNRREAN " Hlater \\\§\§§\\\\\\\\M\\\\\x\\§\\\\§ ery

S N N ,
second nunben r0 §§§ . et hod
of claiml1, nfig T er
conpri ses: s owmcardkdier s, the four
carriers ass(
deacti vation
preserving al
uplink contrd

bn t he

SMIESDEA
HSEPS sodehosk

Table 2: Mapping of legacy codebooks to activated carriers; 4 DL carriers

configured

[0115] There are a number of additional options for flexibility. In one set of
examples, feedback of CQI and ACK/NAK signals for 3 DL carriers with 1 MIMO
carrier may be supported using the two options described below. In the examples

shown, carriers 1 and 2 are non-MIMO, while carrier 3 is MIMO.

[0116] FIG. 17 illustrates a first option for transmitting CQI and acknowledgement
information in a TTI 1700. In FIG. 17, the acknowledgement information for non-
MIMO carriers 1 and 2 may be encoded using the DC-HSDPA ACK/NAK codebook
1705, while the acknowledgement information for MIMO carrier 3 may be encoded
using the SC-MIMO ACK/NAK codebook 1710. The channel quality information for
non-MIMO carriers 1 and 2 may be encoded using codewords from the DC-HSDPA
CQI codebook, and provided in a single slot 1715. The channel quality information for
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16. The method of claim1l, wherein the configuring the uplink control
channel further conprises: identifying activation of a first nunber of

carri er s;wpaentiobezrng activati on of an additional carri @CI/Us2al1/024643
changi ng configuration of the uplink control channel responsive to the
activation of the additional carrier. 17. A nobile termnal for

W rel ess communi cations, conprising: a channel quality information

measur enent nodul e configured to estinmate channel quality information for a

plurality of vdm@dadids 36Rdy Ue@hSode@Bng codewords from the $eadhas koprsRIssk nodul e,
comuni catively coupled wth the channel quality information nmeasurenent

nodul e, and ¥d @ﬁ@ﬁﬂéﬁﬁ@@tﬁﬁﬁlﬂvegﬁlﬁﬁﬂWWKCﬂ&%mﬂbbebﬁ&ﬁﬂéﬂﬁbagéwsht | east

in part on aynygher of activated carriers in the plurality. WO
2011/ 100627PCT/ US2011/ 024643

[0117] FIG. 18 illustrates a second option for transmitting CQI and acknowledgement
information in a TTI 1800. In FIG. 18, the acknowledgement information for non-
MIMO carrier 1 may be encoded using the SC-HSDPA ACK/NAK codebook 1805,
while the acknowledgement information for non-MIMO carrier 2 and MIMO carrier 3
may be encoded using the DC-MIMO ACK/NAK codebook 1810. Furthermore, the
channel quality information for non-MIMO carrier | may be encoded using codewords
from the SC-HSDPA CQI codebook 1815, while the channel quality information for
non-MIMO carrier 2 and MIMO carrier 3 may be encoded using codewords from the
DC-MIMO CQI codebook 1820. Furthermore, the CQI feedback cycle for carriers 2
and 3 may be 2, while the CQI feedback cycle for carrier 1 may be 1.

[0118] In another example, feedback of CQI and ACK/NAK signals for 3 DL carriers
with 2 MIMO carrier may be supported. Carrier 1 is non-MIMO, while carriers 2 and 3
are MIMO. FIG. 19 illustrates an option for transmitting CQI and acknowledgement
information in a TTI 1900. In FIG. 19, the acknowledgement information for non-
MIMO carrier 1 and MIMO carrier 2 may be encoded using the DC-MIMO ACK/NAK
codebook 1905, while the acknowledgement information for MIMO carrier 3 may be
encoded using the SC-MIMO ACK/NAK codebook 1910, as earlier described herein.
Furthermore, the CQI for non-MIMO carrier 1 may be encoded using codewords from
the SC-HSDPA CQI codebook 1915, while the CQI for one of the MIMO carriers
(MIMO carrier 2 in FIG. 19) may be encoded using codewords from the SC-MIMO
CQI codebook in the subsequent slot 1920. Note the CQI signal for the other MIMO
carrier (i.e., MIMO carrier 3 in this example) may be transmitted in a later slot. The
CQI feedback cycle may be 1.5 for all three carriers, and the C/P of SC-HSDPA CQI
may be 2dB lower than the C/P of the DC-MIMO CQI.

[0119] Thus, as illustrated in the examples set forth in FIGS. 8-19, different
codebooks, spreading factors, and mapping may be used when transmitting CQI and
acknowledgement information on the uplink, and the configuration may depend on the

numbers of carriers activated and on whether MIMO is used. Repetition and joint
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18. The nmobile termnal of claim17, wherein to nodify the uplink control

channel , the feedback encoder nodule is configured to:

repeat a

codewor d woroa/ppas2ri on of a transmt timng interval wheaTiusesig/ops4n fir st

nunber of activated carriers in the plurality; and
codewords for the portion of the transmt timng interval

use vari ed
when there is a

second nunber of activated carriers in the plurality,

different fron1the first_nunber. _ 19. The nobil e term nal
claim 17, whef8iig tidy AREbE Msel BEscliBh iitke LOW0E! OsinghRRORLANIGRE if £edhAcK

encoder

t he second nunber

of

nmodul e is configured to: repeat a codeword in a transmt timng

i nterval ; anBREHIceNt fesAdask cyrle 15 anaine in seMeBEINPEst er ni nal r esponsi ve
to the repetition. ~20. The nobile term nal of claim17,
wher ei n t he fMdedlbaskuemherodéschmgenyineyiatsobonfdddor legicalanapmaiof adtivea const ant

feedback cyc éa?riérg) fn tﬂé g)js%';ne Th o W@B%rAssyaf:m,at(ﬁE io\é?ctalelgap%?l{g df Shriers to

frequencies may be provided by RRC signaling, and may be made as follows: C1 ->F1,
C2 ->F2, C3 ->F3, and C4 ->F4, wherein C1-C4 denote logical carrier numbers 1
through 4, and F1-F4 denote actual carrier frequencies 1 through 4. In one example, if 4
DL carriers are configured and the NodeB deactivates 1 carrier, a possible resultant set

of active carriers may be listed:

[0121] 1) 3 DL carriers; 3 Non-MIMO carriers;

[0122] 2) 3 DL carriers; 2 Non-MIMO carriers + 1 MIMO carrier;
[0123] 3) 3 DL carriers; 1 Non-MIMO carrier + 2 MIMO carriers; and
[0124] 4) 3 DL carriers; 3 MIMO carriers.

[0125] Because of the fact that so many combinations are possible, rules for mapping
may be desireable. In one example, the order of logical mapping shall be maintained

when a carrier is deactivated.

[0126] FIG. 20 is a flowchart of a method 2000 for configuring an uplink control
channel. The method 2000 may be performed, for example, in whole or in part by a UE
115 as described with reference to FIG. 1, 2, 4, or 6, implemented in the system 100 of
FIG. 1 or system 200 of FIG. 2. At block 2005, channel quality information is
estimated for a plurality of downlink carriers. At block 2010, an uplink control channel

is configured based at least in part on a number of carriers in the plurality.

[0127] FIG. 21 is a flowchart of a method 2100 for configuring an uplink control
channel. The method 2100 may be performed, for example, in whole or in part by a UE
115 as described with reference to FIG. 1, 2, 4, or 6, implemented in the system 100 of
FIG. 1 or system 200 of FIG. 2.

[0128] At block 2105, channel quality information is estimated for a plurality of
downlink carriers. At block 2110, the number of active carriers are identified. At block
2115, the number of active carriers configured with MIMO are identified. At block

2120, an uplink control channel is configured based at least in part on the number of
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21. The nobile termnal of claim 17, wherein to nodify the uplink control
channel , the feedback encoder nodule is configured to: group,
when a fiwetonumiber of the plurality of downlink carri ePSTASe01AOL46¥Rt ed,
channel quality information for a first carrier in a first codeword; and
repeat the codeword in a portion of a transmt timng interval.

22. The nobile termnal of claim2l, wherein to nodify the uplink control
channel , the feedback encoder nodule is configured to: encode,
when there i grAer§ 8GAOPUAKILAN 1Qf nudlet ¥thBR LR ERESWIIMING, Rlhdfed thé V.
channel quality information for a first carrier in a second codeword and
channel qual fee{barkexsiqrgmpipncensiana second carrier in a third codeword; and
group the second codeword and the third codeword for transm ssion within
the portion HA29IheFYG.233nd flowéhaitiega methed @300 for configuring an upligigconfhk nobi | e

term nal of Eﬂ&g}rle’ﬂ m%; o mifASE $30d @g@gg@%ﬁ%r %Hpﬂ:‘fin%ﬁ‘cgén glj %g,ﬁf’f‘%?bﬂ the

f eedback enco ulé I's con en there is
a first nunbérs sfdegcibed aitietfaarce iteFISs. il 2, ther @ inoplahernttgd in dleksystwind ¢ efrent

i nformation £R§IQXE§§§%26§Kﬁﬁ§T2and a second carrier using a first codeword

[0130] At block 2205, the number of active carriers on the downlink are identified.
At block 2210, a number of the active carriers configured with MIMO are identified. At
block 2215, CQI and acknowledgement information for each active carrier are
identified. At block 2220, the codebooks, use of repetition, and mapping related to
transmission of acknowledgement information are selected, based on the number of
active carriers and the number of MIMO carriers. At block 2225, the codebooks, use of
repetition, and mapping related to transmission of CQI are selected, based on the

number of active carriers and the number of MIMO carriers.

Considerations Regarding the Description

[0131] The detailed description set forth above in connection with the appended
drawings describes exemplary embodiments and does not represent the only
embodiments that may be implemented or that are within the scope of the claims. The
term "exemplary" used throughout this description means "serving as an example,
instance, or illustration,” and not “preferred” or “advantageous over other
embodiments.” The detailed description includes specific details for the purpose of
providing a thorough understanding of the described techniques. These techniques,
however, may be practiced without these specific details. In some instances, well-
known structures and devices are shown in block diagram form in order to avoid

obscuring the concepts of the described embodiments.

[0132] Information and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, electromagnetic waves, magnetic

fields or particles, optical fields or particles, or any combination thereof.
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and acknow edgenent information for a third carrier and a fourth carrier
using a second codeword; and group the first codeword and the
second coaeworidob@r transnmi ssion within a slot of a trameEuS2eliLR46g3

i nterval . 24. The nobile termnal of claim 23, wherein to
nodi fy the uplink control channel, the feedback encoder nodule is
configured to: encode, when there is a second nunber of
activated carriers in the plurality, acknow edgenent information for two

carriers usipd3g thidGrie@danRatve B0cks RRRAL addNBodults rd@scﬁ@éiﬁ%&ﬂlewdnm n the

slot of the transmt timng interval. . The nobile term nal
of clai m 17, Withé&reaisslosye herginfryas bsamplsmenrd ewﬁoavedc\ﬁlélhhéﬁrnerai AEPPSedback

encoder ”Ddubl%cés%rcé)ﬁltgftﬂ Wohdl ptr&essor (DSP), an applic@RGAPEei it hhiEiRur € three
activated carriers in the plurality, ack nomf enment 1nformation for a

first carrietAdRY aé%@@ﬁdmwblﬁlg@tﬁ aray did Gad)for p £r [rogiawmeablc dagr device,
acknow edgengilyeds BhQLI BRI R 1d¥c, BislBlendrdG@fe doffpoktitsNGr Ay 66 Hodewor d;

and
thereof designed to perform the functions described herein. A general-purpose

processor may be a microprocessor, but in the alternative, the processor may be any
conventional processor, controller, microcontroller, or state machine. A processor may
also be implemented as a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, multiple microprocessors, one or more miCroprocessors in

conjunction with a DSP core, or any other such configuration.

[0134] The functions described herein may be implemented in hardware, software
executed by a processor, firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be stored on or transmitted over as
one or more instructions or code on a computer-readable medium. Computer-readable
media includes both computer storage media and communication media including any
medium that facilitates transfer of a computer program from one place to another. A
storage medium may be any available medium that can be accessed by a general
purpose or special purpose computer. By way of example, and not limitation,
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 gencral-purpose or special-purpose processor. 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, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
include compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy

disk and blu-ray disc where disks usually reproduce data magnetically, while discs
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group the first codeword and the second codeword for transm ssion within a

slot of atransmt timng interval. 26. The nobile term nal of
cl ai m 17, weterigione2ro nodi fy the uplink control channel, PChaSt@eaRsmek
encoder nodule is configured to: encode acknow edgenent

information for one or nore carriers using a first codeword for
transm ssion within a half-slot of a transmt timng interval.
27. The nobile termnal of claim 17, wherein to nodify the uplink control

channel , therhrRdRatk HaeaRaliBRY. € dnbikabid FWeMotOare also included ~ €ncode,
when there is a first nunber of activated carriers in the plurality,

acknow edgen®hbinjthgrsppeeaficompyteirepdibledprdicor nore of the activated carriers
using a codeword signifying a discontinuous transm ssion. 28.
The nobi | e t BAAFInalhafregiwidesciiptiompighediselosgrenpiorided tweenalpk k prsgont rol
Channe! » hesljil?e%qg ﬁﬁkart%ﬁ%g@& ng ﬁlléld%clﬁ rgo{}fnllcgg rn?o@hﬁc? jons to the disclosure modi fy
an uplink control channe ased at least in part on et her one or nore of
t he pl ural it yilbfe rdaialylappecent & thoerskillad & thomd,iagd thectendrichpribtiMes defined
20. The mobi ¢4 eriinal yof Sl AL LG 0080l Lo IdLE ¥ U, pLigkecont rol
channel , t he FeBaHE3k BNES o dlirtlony &R P ied T4 !

the disclosure. Throughout this disclosure the term “example” or "exemplary" indicates

an example or instance and does not imply or require any preference for the noted

example. Thus, the disclosure is not 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.

[0136] These units of the device may, individually or collectively, be implemented
with one or more Application Specific Integrated Circuits (ASICs) adapted to perform
some or all of the applicable functions in hardware. Alternatively, the functions may be
performed by one or more other processing units (or cores), on one or more integrated
circuits. In other embodiments, other types of integrated circuits may be used (e.g.,
Structured/Platform ASICs, Field Programmable Gate Arrays (FPGAs), and other Semi-
Custom ICs), which may be programmed in any manner known in the art. The
functions of each unit may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.
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use a first spreading factor for a portion of a transmt timng interval
when there is a first nunber of activated carriers in the plurality; and
use a secwoaospreadi ng factor for the portion of the tr&oFrdseotitiopdens)

i nterval when there is a second nunber of activated carriers in the
plurality, the second nunber different fromthe first nunber.

30. The "&ﬁikilég%%&@b@f claim17, wherein to nodify the uplink control
channel , bder nodule is configured to: map a
first carrier to a first portion of a transmit timng interval when there
is a first nunber of. actA wmathed faavirciesy @nimunidagony congirising; and

map the first carriegrl. t second..nortion. of r met, t1.m | nterval
when there is a sec%ﬁ@atgntﬁ%lggnegguag& 1P§c>51§§5>%cfglfar]§1%1%§t§ri Ort; d?%}élmé{lﬁrrﬂéﬁ’ f 1§/d t he
second portion dif fenépgirifgraonplitkecohirolsthapel basahat least in part on a numi@ of The

nmobi | e ternii n{;lld of . cl.a'#hm 7 1.tv\,herei n, at least four carriers
are acti vaFBECHRATPIUIC P % s associated with a | ogical sequenti al
order; and

2. The method of claim 1, wherein the configuring the uplink control

channel comprises:
repeating a codeword within a portion of a transmit timing interval when there

is a first number of activated carriers in the plurality.

3. The method of claim 2, wherein the configuring the uplink control
channel further comprises:
reducing power in a mobile device transmitting the uplink control channel

responsive to the repeating.

4. The method of claim 1, wherein the uplink control channel is

configured to maintain a constant feedback cycle for different numbers of activated carriers.

5. The method of claim 1, wherein the configuring the uplink control
channel comprises:

encoding, when there is a first number of activated carriers in the plurality,
channel quality information for a first carrier in a first codeword and channel quality
information for a second carrier in a second codeword; and

grouping the first codeword and the second codeword for transmission within

a transmit timing interval.

6. The method of claim 5, wherein the configuring the uplink control
channel further comprises:

grouping, when a second number of the plurality of downlink carriers are
activated, channel quality information for a first carrier in a third codeword; and

repeating the codeword in the transmit timing interval.

7. The method of claim 1, wherein the configuring the uplink control
channel comprises:
encoding, when there is a first number of activated carriers in the plurality,

acknowledgement information for a first carrier and a second carrier using a first codeword
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when one of the at least four carriers are de-activated, the |ogical
sequential order of the remaining active carriers is preserved in the

upl i nk comonrolvwhennel . 32. The nobil e t er rCmAlS2@f/ogdeas m 17,
wherein, the channel quality information nmeasurenment nodule is further
configured to: identify a first nunber of carriers; and identify activation

of an add Ia}l gc@c%'owfégrerrﬁe% i;’r]qu?rrlllgtion fPr a third carriert ar}]ﬁ affﬁuerglbc%crlfer %sqggg Pegco n&)dul e1s
further configure 0 nodity configuration of the uplink control channel

r esponsi veodewdrdhhendict i vati on of the additional carrier. 33. A
device for wireless conmuni cati ons, conpri Si ng: ans_.for estimat.in
channel qual fty i nfBPILS OR iro ol BAiRa e SeoH catmrg ik TRFR i gt

a slot of a transmit timing interval.

8. The method of claim 7, wherein the configuring the uplink control
channel further comprises:

encoding, when there is a second number of activated carriers in the plurality,
acknowledgement information for one or more carriers using a third codeword; and

repeating the third codeword within the slot of the transmit timing interval.

9. The method of claim 1, wherein the configuring the uplink control
channel comprises:

encoding, when there are three activated carriers in the plurality,
acknowledgement information for a first carrier and a second carrier using a first codeword
and acknowledgement information for a third carrier using a second codeword; and

grouping the first codeword and the second codeword for transmission within

a slot of a transmit timing interval.

10. The method of claim 1, wherein the configuring the uplink control
channel comprises:
encoding acknowledgement information for one or more carriers using a first

codeword for transmission within a half-slot of a transmit timing interval.

11. The method of claim 1, wherein the configuring the uplink control
channel further comprises:
configuring an uplink control channel based at least in part on whether one or

more of the plurality of downlink carriers are configured with MIMO.

12. The method of claim 1, wherein the configuring the uplink control
channel further comprises:

using a first spreading factor for a portion of transmit timing interval when
there is a first number of activated carriers in the plurality; and

using a second spreading factor for the portion of transmit timing interval
when there is a second number of activated carriers in the plurality, the second number

different from the first number.
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means for configuring an uplink control channel based at least in part on a
nunber of activated carriers in the plurality. 34. The device
of cl ai m8B,20mwn@7n the neans for configuring the upli mkTaseenoOk46ehanne
conpri ses: means for repeating a codeword within a portion
of a transmt timng interval when there is a first nunber of activated
carriers in the plurality. 35. The device of claim 34, wherein
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means for reducing power 1n a no e device tra e up Ink contro
channel r@hgmn@hvbﬂwompMEsrepeating 36. The devi ce of claim
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a constant feedback Ccyc for ivated carriers.
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ntrol chann
control ¢ uging g coc?ewnpc{ 51gnltsylng a discontinuous transmission.

14. The method of claim 1, wherein the configuring the uplink control
channel further comprises:

mapping a first carrier to a first portion of a transmit timing interval when
there is a first number of activated carriers in the plurality; and

mapping the first carrier to a second portion of a transmit timing interval when
there is a second number of activated carriers in the plurality, the second number different

from the first number.

15. The method of claim 1, wherein the configuring the uplink control channel
further comprises:

identifying at least four carriers, the four carriers associated with a logical
sequential order;

identifying deactivation of one of the at least four carriers; and

preserving a logical sequential order of remaining active carriers on the uplink

control channel.

16. The method of claim 1, wherein the configuring the uplink control channel
further comprises:

identifying activation of a first number of carriers;

identifying activation of an additional carrier; and

changing configuration of the uplink control channel responsive to the

activation of the additional carrier.

17. A mobile terminal for wireless communications, comprising;:

a channel quality information measurement module configured to estimate
channel quality information for a plurality of downlink carriers; and

a feedback encoder module, communicatively coupled with the channel
quality information measurement module, and configured to modify an uplink control

channel based at least in part on a number of activated carriers in the plurality.
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means to configure an uplink control channel based at |least in part on

whet her one or nore of the plurality of downlink carriers are configured
with M MWO 2011/100627 38. A conputer program product, PCOSROISI0RH43
conput er -r eadabl e medi um conpri si ng: code for causing a
conputer to estimate channel quality information for a plurality of
downlink carriers; and code for causing a conputer to configure
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is a second number of activated carriers in the plurality, the second number different from the

first number.

19. The mobile terminal of claim 17, wherein to modify the uplink control
channel, the feedback encoder module is configured to:
repeat a codeword in a transmit timing interval; and

reduce transmission power in the mobile terminal responsive to the repetition.

20. The mobile terminal of claim 17, wherein the feedback encoder
module is configured to:

maintain a constant feedback cycle for different numbers of activated carriers.

21. The mobile terminal of claim 17, wherein to modify the uplink control
channel, the feedback encoder module is configured to:

group, when a first number of the plurality of downlink carriers are activated,
channel quality information for a first carrier in a first codeword; and

repeat the codeword in a portion of a transmit timing interval.

22. The mobile terminal of claim 21, wherein to modify the uplink control
channel, the feedback encoder module is configured to:

encode, when there is a second number of activated carriers in the plurality,
channel quality information for a first carrier in a second codeword and channel quality
information for a second carrier in a third codeword; and

group the second codeword and the third codeword for transmission within the

portion of the transmit timing interval.

23. The mobile terminal of claim 17, wherein to modify the uplink control
channel, the feedback encoder module is configured to:
encode, when there is a first number of activated carriers in the plurality,

acknowledgement information for a first carrier and a second carrier using a first codeword
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code for causing a conputer to reduce power in a nobile device transmtting
the uplink control channel responsive to the repeating. 41.
The conpuwerorogi2am product of claim 38, wherein the cede/userioaess ng a
conputer to configure the uplink control channel conprises:

code for causing a conputer to configure an uplink control channel based at
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codeword; and
group the first codeword and the second codeword for transmission within a

slot of a transmit timing interval.

24, The mobile terminal of claim 23, wherein to modify the uplink control
channel, the feedback encoder module is configured to:

encode, when there is a second number of activated carriers in the plurality,
acknowledgement information for two carriers using a third codeword; and

repeat the third codeword within the slot of the transmit timing interval.

25. The mobile terminal of claim 17, wherein to modify the uplink control
channel, the feedback encoder module is configured to:

encode, when there are three activated carriers in the plurality,
acknowledgement information for a first carrier and a second carrier using a first codeword
and acknowledgement information for a third carrier using a second codeword; and

group the first codeword and the second codeword for transmission within a

slot of a transmit timing interval.

26. The mobile terminal of claim 17, wherein to modify the uplink control
channel, the feedback encoder module is configured to:
encode acknowledgement information for one or more carriers using a first

codeword for transmission within a half-slot of a transmit timing interval.

27. The mobile terminal of claim 17, wherein to modify the uplink control
channel, the feedback encoder module is configured to:

encode, when there is a first number of activated carriers in the plurality,
acknowledgement information for the one or more of the activated carriers using a codeword

signifying a discontinuous transmission.

28. The mobile terminal of claim 17, wherein to modify the uplink control
channel, the feedback encoder module is configured to:
modify an uplink control channel based at least in part on whether one or more

of the plurality of downlink carriers are configured with MIMO.

29. The mobile terminal of claim 17, wherein to modify the uplink control

channel, the feedback encoder module is configured to:
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use a first spreading factor for a portion of a transmit timing interval when
there is a first number of activated carriers in the plurality; and

use a second spreading factor for the portion of the transmit timing interval
when there is a second number of activated carriers in the plurality, the second number

different from the first number.

30. The mobile terminal of claim 17, wherein to modify the uplink control
channel, the feedback encoder module is configured to:

map a first carrier to a first portion of a transmit timing interval when there is a
first number of activated carriers in the plurality; and

map the first carrier to a second portion of a transmit timing interval when
there is a second number of activated carriers in the plurality, the second portion different

from the first portion.

31. The mobile terminal of claim 17, wherein,

at least four carriers are activated, the four carriers associated with a logical
sequential order; and

when one of the at least four carriers are de-activated, the logical sequential

order of the remaining active carriers is preserved in the uplink control channel.

32. The mobile terminal of claim 17, wherein,

the channel quality information measurement module is further configured to:
identify a first number of carriers; and
identify activation of an additional carrier; and

the feedback encoder module is further configured to modify configuration of

the uplink control channel responsive to the activation of the additional carrier.

33. A device for wireless communications, comprising:

means for estimating channel quality information for a plurality of downlink
carriers; and

means for configuring an uplink control channel based at least in part on a

number of activated carriers in the plurality.

34.  The device of claim 33, wherein the means for configuring the uplink

control channel comprises:
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means for repeating a codeword within a portion of a transmit timing interval

when there is a first number of activated carriers in the plurality.

35.  The device of claim 34, wherein the means for configuring the uplink
control channel comprises:
means for reducing power in a mobile device transmitting the uplink control

channel responsive to the repeating.

36.  The device of claim 33, wherein the means for configuring the uplink
control channel maintains a constant feedback cycle for different numbers of activated

carriers.

37.  The device of claim 33, wherein the means for configuring the uplink
control channel comprises:
means to configure an uplink control channel based at least in part on whether

one or more of the plurality of downlink carriers are configured with MIMO.

38. A computer program product, comprising:
computer-readable medium comprising:
code for causing a computer to estimate channel quality
information for a plurality of downlink carriers; and
code for causing a computer to configure an uplink control

channel based at least in part on a number of activated carriers in the plurality.

39. The computer program product of claim 38, wherein the code for
causing a computer to configure the uplink control channel comprises:
code for causing a computer to repeat a codeword within a portion of a

transmit timing interval when there is a first number of activated carriers in the plurality.

40. The computer program product of claim 39, wherein the code for
causing a computer to configure the uplink control channel comprises:
code for causing a computer to reduce power in a mobile device transmitting

the uplink control channel responsive to the repeating.

41.  The computer program product of claim 38, wherein the code for

causing a computer to configure the uplink control channel comprises:
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code for causing a computer to configure an uplink control channel based at
least in part on whether one or more of the plurality of downlink carriers are configured with

MIMO.
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