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BACKGROUND
L Field
[0002] The following description rclates generally to wircless communications
systems, and more particularly to efficiently allocating resources via flexible symbol

mapping methods.

II. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, and so forth. These systems may
be multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequency division multiple
access (FDMA) systems, 3GPP Long Term Evolution (LTE) systems including E-
UTRA, and orthogonal frequency division multiple access (OFDMA) systems.

[0004] An orthogonal frequency division multiplex (OFDM) communication
system effectively partitions the overall system bandwidth into multiple (Nz)
subcarriers, which may also be referred to as frequency sub-channels, toncs, or
frequency bins. For an OFDM system, the data to be transmitted (i.e., the information
bits) is first encoded with a particular coding scheme to generate coded bits, and the
coded bits are further grouped into multi-bit symbols that are then mapped to
modulation symbols. Each medulation symbol corresponds to a point in a signal

constellation defined by a particular modulation scheme (e.g., M-PSK or M-QAM) used



types of comruni cation content such as voice, data, and so forth.
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communi cat mayzom/izggaul ti pl e users by sharing the avail aptRuSNed R332
resources (e.g., bandwidth and transmt power). Exanples of such

mul ti pl e-access systens include code division nultiple access (CDVA)
systens, tine division nultiple access (TDMA) systens, frequency

di vi si on mul for gdie transessson( FDGh mlestr&msal tiZERRy be depeha¢ntoirtiel bahdwidth of
(LTE) syste cl udi ng,.EUTRA, a rtho onal uency, di vi

il 1 pi & acCEEh TERERRA LS b S0 BUO DA FEH GG ST P Lt e N
di vi si on mul frédquesoy sooEhar. qammm&m%&y&h%mﬁ&e&@%@& Rdricrdoic@ns
the overall s stem bandwi dth intqo multiple subcarricrs, which

may al so be (8P &rsedLY Hegueney @&&Eﬂ’cﬁad@abw@ﬁlaﬁ practerigsgdy diffgrent amounts
frequency bléﬁﬁefﬁﬁloﬁgcrg:s%gbg&}n%d&% data to be transmtted (i.e.,
the information bits) is first encoded with a particular coding

schene to gelf803t e codeuesily.sy wiasiehs thidtipodendshiomenignicatibn sxtskear cagr ouped

into multi- béotncé é}:@%oﬁppoptactom%{u% %Q&?foq%ﬂgge Wgelg&qg[ln? nAIéj {ﬁats éé)rrrnbn%lmzcate

Each nodul ation s correspon ' a si

constel |l ati omthieﬁa sregorbpase spaivhd "ﬂallralﬁsrrﬂmhmlsahlfmaﬁ:behﬂme('sﬁ Imks. MePSK
or M QAM usgd f dat a .tran |on At . each t| i,nt.erval .that
mmy e deperEKtr Ak (HECHEHEITIER o Tioaaurbi BRTE iy Mg e gions o
nodul ation syER@midiRY altehé FRB8ETRE @ upnkg 268rs &f th REmMunfch@AUBRGYom the
subcarrier. Thus, OFDM may be used to conbat inter-synbal

interfer encete{nlnSiﬂ}* g @'&? sEions: elduespEymyatatien ﬂivlémaérr: agjabliskgdcna p single-
h f
char act eri zegl &y dbdd ﬁﬁﬁple AR Syt QF a%ﬁtwﬂ{.%gggggi@@m syWerd.em

bandwi dt h. [00051Gener al a wmreless nultip mcation
syst em can ci®@8elr r ent I@Nﬁuﬁbmtcnt@mw altiploiNiT d)tramitteinpﬂneamndehtéfslﬁc

termnals th Pémél or.. m)re“gﬁgJ ons

transm ssi on@ﬁfg oA eﬁ'ﬁ tﬁn éaé%/{e)%}lge }OH ks cf ?ﬁ%&f’&pﬂ
downl i nk) r en‘rmmxttandﬁ\}mrccmm:tmai manbé de’cbnlfplj&mmthe@laﬁ@eﬁdem tioAsel§,0
theterm’nalshllcﬁl rse link (or uplink) refers to the

conmruni cat i oW %Od‘ effﬁ‘gtotaérsﬁﬁtﬁéﬂsa“{lﬁs:t“ﬂ@f 281 ¥ s - Gmrs@ﬂys

t hed |
R e i T T T e S L R
[ 0??6] iA IVI( I\N/Cbaawm&m iﬂmib\?yi@eﬂfbﬁ'r?ah@d (g o, I‘iﬂ'g%hef thadpiipt aa%i%ﬂﬁ/ro I@Hﬂnhty) 1|f
mu | e ve ant enngs, 1or alra SSI 0on channe
or et by he R RS AT RECFEE Py & q%ﬂ]ﬁaénﬁl?ﬁyaﬂﬂée%vé&ﬁﬁégaé&m
into NS indepgndenh mﬁam?itéin albisedpont ﬁrr@'dﬁ@m&?&ﬁﬂ xqg‘ntna aAd refRhEA

channel s, where Ns m ngF . CGenerally, each e NS inde endent
channel s cor¢1é§f9@ri’(§§1€t< %Dmﬁ’t‘r@ﬁ@l bha Tﬁ’ﬁ)esywmlﬁ)f@tﬂ@m gancyrsi

e, v LALTRRGR o ARy 0T AR S B e s

mul ti pl e tr agrsimatiomnitthe &pwinldinarhemebomartle mvdrkd lné@tharxneM Niis enebtesem
I ts. t d DD dfr di
upl ex( FOD) RESSTBIG ' Td bt PR e oAt ey iR

transm ssi onmtaines A0 atdiRbBanthelat@gupdisty regi on so that the
reciprocity principle allows estimation of the forward |ink channel
fromthe revg)roéﬂ| li nk frfleratigy g ﬂ?frf&ﬁ‘%!@e&tr? fahecabaxe fyster r¢lgtes to how

extract trangirodd@aaifoos sl MeingloWnifk themiarMRhd RéBlMBittall) P! €
antennas are avail able at the access point. [0007] One consi deration

in the depl ogenercdsrithimthesprtoet of g sesemisey pek and geperplineanswnemobiplear e
| | dd
all ocated du %p%ngﬁwhw 't‘im%ﬂ@%}'\ﬂg@éfs @g@gcec@q@% ﬁﬁtﬁu%{ a%d%ﬂérﬁ?&b% is a

gener at ed WI e cont ext genera
consune nul t dgsired &wtmamfrwmiab cdinmsnicttivas.c Ons ercy athewrudf ressay pee

bl ock generation an ansm ssi.on I. a, desj red f f. wrele
comuni cat i o%onsu% & éﬂ’ 35 SYpraFte fgﬂlg H'¢ %Cé%ﬁ\y deomen E%@&ﬁaag F‘%u?lwits(%‘)
handshake sequence, where the handshake is in response to a downlink (DL) subframe

transmission. The UL transmissions can also include negative acknowledgement



3 (NACK) as well, thus the term ACK/ NACK is often enployed. In a
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blocks associate with ACK/NACK responses. After the first ordering, then ordering
downlink control channels having a first CCE in a second OFDM symbol followed by
ordering downlink control channels having a first CCE in a third OFDM symbol and so
forth as necessary. In another aspect, a mixed-symbol, subframe first mapping can be
applied. Similar to the symbol first mapping, the subframe first mapping includes
ordering downlink control channels across downlink subframes having a first control
channel element (CCE), located in a first symbol map, and associated with reserved
resources for an uplink channel. The subframe first then orders remaining downlink
control channels not associated with the first CCE in a first downlink subframe. This

can be followed by ordering remaining downlink control channels not associated with



illustrative aspects are described herein in connection with the
foll owi ng description and the annexed draw ngs. These aspects are
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following detailed description when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a high level block diagram of a system that employs symbol
mapping components to facilitate efficient allocation of resources in a wireless
communications system.
[0012] FIG. 2 is a block diagram that illustrates a symbol first mapping for
efficient allocation of resources.
[0613] FIG. 3 is a block diagram that illustrates a mixed-symbol and subframe
first mapping for efficient allocation of resources.
[0014] FIG. 4 is a block diagram that illustrates a subframe first mapping for
efficient allocation of resources.
[0015] FIG. 5 illustrates a wireless communications method that employs
symbol mapping to facilitate efficient allocation of resources in a wireless

communications system.

[0016] FIG. 6 illustrates an example logical module for wireless symbol
mapping.
[0017] FIG. 7 illustrates an example logical module for an alternative wireless

symbol mapping process.

[0018] FIG. 8 illustrates an example communications apparatus that employs
wireless symbol mapping.

[0019] FIG. 9 illustrates a multiple access wireless communication system.

10020} FIGS. 10 and 11 illustrate example communications systems.



synbol mapping to facilitate efficient allocation of resources in a
Wi rel ess communi cations system [0016]FIG 6 illustrates an exanple
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an exanpl e logical nodule for an alternative wrel ess synbol mapping

process. [0018]FIG 8 illustrates an exafpl e conmuni cati ons appar at us

that enpl oys wirel ess synbol mapping. [0019]FIG 9 illustrates a
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during uplink acknowledgement/negative-acknowledgement (ACK/NACK) sequences.
In one aspect, a method is provided to allocate resources for wireless communications.
The method includes grouping downlink control channels from multiple subframes and
ordering the downlink control channels across downlink subframes having a first
control channel element located in a first symbol map and associated with reserved
resources for an uplink channel. The method employs a symbol first mapping or a
mixed-symbol/subframe first mapping to efficiently allocate the resources.
[0022] Referring now to Fig. 1, symbol mapping components are employed to
facilitate efficient allocation of resources in a wireless communications system 100.
The system 100 includes one or more base stations 120 (also referred to as a node,
cvolved node B - ¢eNB) which can be an entity capable of communication over a
wireless network 110 to a second device 130 (or devices). For instance, each device
130 can be an access terminal (also referred to as terminal, user equipment, mobility
management entity (MME) or mobile device). The base station 120 communicates to
the device 130 via downlink 140 (DL} and receives data via uplink 150 (UL). Such
designation as uplink and downlink is arbitrary as the device 130 can also transmit data
via downlink and receive data via uplink channels. It is noted that although two
components 120 and 130 are shown, that more than two components can be employed
on the network 110, where such additional components can also be adapted for the
symbol mapping described herein. In one aspect, a symbol mapping component 160 is
employed to order, sequence, or map symbols 170 and control allocation of resources
such as ACK/NACK resources 180. The device 130 (or devices) includes a mapped
symbol decoder 190 to process the mapped symbols 170 and resources 180. As will be
described in more detail below with respect to Figs. 2-4, the symbol mapping
component 160 can include a symbol first mapping method, a mixed-symbol subframe
first mapping method, or a subframe first mapping method. Before proceeding, it is
noted that various acronyms are employed for brevity. The acronyms are defined at the
end of the specification.
[0023] In gencral, UL resource allocation has to consider the number of UL and

DL subframes. In one instance, consider, uplink ACK/NACK resource allocation when

Ay, <1y, where npy 18 number of downlink subframes and 7y, is number of uplink
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t he speci al shiphelamp(es) (CCE), located in a first symbol map, and associated with reserved
rcsources for an uplink channel. The subframe first then orders remaining downlink
confrol channels not associated with the first CCE in a first downlink subframe. This
can be followed by ordering remaining downlink control channels not associated with
the first CCE or the first downlink subframe in a sccond downlink subframe and so
forth. The mixed-symbol subframe first mapping is described in more detail with

respect to Fig. 3. A subframe first mapping is described with respect to Fig. 4.
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that the system 100 can be errp oye an access termnal or nobile
devi ce, androutm, dheyitdhpoer fhadikandbe aca:esmturh;emsnto:lanamlm 8P ot arode inderfaces,
network card, a wireless ne co includin Iaptops
Gosktops. ks SHEMIEHCG Ex o, oty Bt B SO EeS.ohrar

phones, or Af¥itiehdl8), tietict@Rlc8mbEndht Bal bd baése%@aﬂoﬁ%m%ﬁéxbs%ea@césgp@ﬁ%ﬁ%
a network. The term nal accesses the network by way of an access

conmponent (¢eblulas marmetwork, wheremmq@st@tlor& (evwerelssd m@e&selom@ram tiglized to

uni o accood LR RIR S RRRRRIeNE b AblEH By PhaHEReattiior ce

is awrel eﬁf&eﬁe@’dﬂcé\@ponﬁgrcahlbsfaﬁﬁl@%d tb bﬁ)vﬁcﬁardanﬁg:ho@weaaaﬁeo@wgelt@aﬁe
may communi cate by way of any suitable wreless protocol, including

but not ||n?ltl@aret‘-‘@ﬂqi.ﬂﬁ@hqne%a&d/@mthew@pq@nme@éss (TDMR), Code

Di vi si on |vu e Acc , 1.0 ess

( FDWVA) , ogo al Fr&%@“&% v2| & |Sgg&ﬁ/[?l Géé)lﬁ%ngsn}?%msphﬁgéégl
OFDM Ot homqaineﬁﬂ’ﬁ(ﬁlfeﬂeﬁﬁcﬁnvalﬂnoaﬁow xtescpﬁreesACI@ esiserdl FDVBH s are caddted
ot her suitaple %\}%t ocol [0027LAccess co onents can be an access
node assocﬁ%’t é%ﬁp Fsh centig! cRapeb el GREN (GPEJ Aicted i ddirpidPRigMsympol a0-

end, accessTRQIPRNGHES be DAL St afd 3188 & a i QWHES it MbiERln RiCE)

the |like. The access cohponent can 1 nclude one or nore I nterfaces,
e.g., comulecated iromserodd DEFHM spnbalatddit aedP DAGHE thut atehederedbsfitst

nodes. Additi the a 0 nen a tion (0o
wirel ess ai:%oé’g@?ﬁl?j%'ﬂ?])el?rﬁe’gigéﬁ ﬁch&gt"?/ﬁg‘ ﬁ@&ﬁﬁkswﬁ@%?ﬁ 408 toh
stations (ofopby el es SA%ﬁﬁﬁﬁﬁe ﬁ?dt RbSthad @ebig. %?ﬁﬂﬁfeﬁd Bp wﬂhc{ﬁmmmeéﬁ
coverage areas to a plurality of subscribers. base stations (or

Wi rel ess acEegyceoirmppsecictisensrainingleatic seiegulovitdac ceshof abissenslyedidizing
of cover a08pt PrAEHEsoTRLE nefl)rlc‘lléll t%rov%%%&%s[h%@%{)%tra?&t? %rﬂevy\ﬁglg !di(ta’ematwe is
provided and is referred to as the OFDM Symbol First Mapping and is described as

follows:



[ 0029] A subfranme first approach (See Fig. 4) may end up with unused
PUCCH resources or inpose strict constraints at the scheduler at the

cost of ingfd bwbeslidsy utilizing DL PDCCH resources. |n gef@t2chSoaz632
overconme these constraints, a flexible alternative is provided and is

referred to as the OFDM Synbol First Mapping and is described as
follows: 8 [0030] Goup the DL PDCCHs in nultiple-subfranmes together.
As shown in F030] 2, ReGonplde RIhEDEDESHS muhipée-subRaaes ®pahet Matshéhein

PDCCHs acr oss. t DL ,subf whose first i ated ip the
first onon sEimmRaSRe BRERs ton pantr shendErma P pEeHRhems FobloL
dynam ¢ ACK/ NAEKEies Whose fR§AETE R¥odated iR tHe RO IYMIhRLE aMAR$8dge of
first CCE is |located in the second OFDM symbol and the PDCCHs whose

first CCE isregratweruressferdl AyraniorbivNakBes! This ontgsiveds follpdedly the
forth. If so f
S OBt Mg sd s BELE fid l)%gﬁ%d @gh{%go@gw& %@ml Hdencens

resources (Na positive integer), Sy
some of the whessddsti(EJoisriewmtediinthelleird @EBM/suntvhisdndpped, AGKso forth. If some

[0031] Cons o TR LuF T EAEE0 53 b NACRIN LCK riipliseh IN ABSTET Gk
pattern as awitexerQiRM nsgﬁiﬁuhﬁs]ﬁxrwpirhg; sddikﬁoffthél\fﬁlus&_%es?tbcd‘sﬁﬁﬂﬁ ,re£§6g|:'|w
regi on spans, 3 ols while t t sub-frames use, 2
sy?rbol s 1I‘O or Wﬂég(%gﬁ?ﬁf@é?‘% capde éﬁ@gﬁe EI‘(YWEIE e Bk Hdgngpigsion.
needed to sumpdlt PDCGnsReian MIDIS3 1 OFOW S RRlise Midddry R gllﬁt% b'?ltl?elﬁ%

the PDCCH in each OFDM synbol. The ACK resource reservati
assune 3 OFDW &Rl Asyuatesthetds therdirstDlesubrraope, SDS'GH ragiongparst3 QEDM

sem -static [ : i i bl e
Pooc e sl QRO BAEM o Bl SOY B S RLORT FRRRRE
sub-frane firstsmmppi Agsurtdi¥ AGCKAAOL reopedsraaecoded o stippeet RIDCCHeapan for
first N ACK/ esources; th n -fra ot _u u I
N resour ces g@%ﬁﬁ\é Sﬁ&%ﬁ”@%é%gﬁﬁiﬁ gﬁ’%ﬁ‘ﬁ%@ﬁ#ﬁ 'g eﬁ%‘;‘?gﬁgﬂyfﬂb@? TR
however, t hersgarntaspovdiongibhaisuime SQFMESyHdoINahsBRsibh eechch PLASbIREc

inplicit mapping of. the third sub-frame asaurres each DL _sub-frane
use up al | NAER SPREYRITOL zwg henge 1hgs o qaveisthp lapgeghpossiplg@DCCH time

cor r espondi NghaH otsach AMatigh@EOpGRY, can be used by PUSCH transni ssion
as no further inplicit mappi is involved. Wth the OFDM synbol

mappi n { .
first mappi nf03%lhe ™M DVith ﬁl@-sﬂg-éﬁ?é@ figtinpappimgethe first B subrfameNvidl taheMmpl the

N 3 ACK/ NA Ig@% g L0 (M1 t
unused andocfg{ls g%use @g%@%@%ﬂ{%ﬁig %@%%%?ﬁan&{)%@@%%éﬁ%ﬁﬁ%%u%
synbol firstaythpPPRGH sphn isHeOFDMstyniiolssusteadrod Gehantdvei, fesofepbiithg ACK
Shan s 1 PRI ERI oy i ekt Blentine abig el RHSpeat st
order to haveachimd. shbstanetust Phil ¥ ACRBPRIuNGs. FdiehAelt DICSOUF GRS the
correspondi ngﬂét o the PDCCHs whose first CCE is |ocated in the second

OFDM synbol RO Pl respeegIREr dp9d g S HEfgnsmassion asiedieher
300 provi desing|#itxedpy iiaboladd WHRHAMEDM symbol first mapping, the M DL sub-

frames will take up the first N + 2(M-1) N/3 ACK/NACK resources and the remaining
(M-1) N/3 resources are left unused and can be used for PUSCH transmission.
However, with the OFDM symbol first mapping, if the first DL sub-frame utilizes 3
OFDM symbols to transmit PDCCH while for the other DL sub-frames the PDCCH
span is 1 OFDM symbol, some of the ACK resources can be wasted as in order to have
the desired implicit mapping, the ACK resources corresponding to the PDCCHs whose
first CCE is located in the second OFDM symbol cannot be freed up.

[0033] Referring to Fig. 3, a system 300 provides a mixed-symbol and subframe

first mapping component 310 for efficient allocation of resources. Similar to the first



first mapping conponent 310 for efficient allocation of resources.
Simlar to the first 9 ordering describe in Fig. 2, PDCCH s are

ordered hawgghosndsigast control channel el ement (CCE) | ogéed/gschobdindss2
first OFDM synbol at 320 which are foll owed by remaining PDCCH s in
the first DL subframe. At 330 and 340, r#nmmining PDCCH s are ordered
in second and third DL subfranes as necessary. [0034] As nenti oned
above, the ChidMigyddsaibefin gt 2 RPOCHG acamdees bhting mfisd omtidsisinhd!eloAKt

resource inefficiencies j hi s, as ... mxed approach. is
vl tod andl R RE IR« T bR AR Ea v e SR S
mappi ng. " [ 0BBECHN fnitid fings DD ORI eAtDR0 RRETHS rdofeifiy PDIICBY § ke fof @i

together. Simlar to above, reorder these PDCCHs in a manner such
that the PDCOH§coxdand Pl pybitamss ps ngeesa¥hose first CCE is | ocat ed

in first OFDpdogymbol r@&n&rﬁio}x&?ab%@ﬂh@éﬁﬁh@ﬁy&ﬂ&}?gﬁf%ﬁ%ﬁéﬁ%g’iﬂﬁgﬂﬂ ifi Some

for UL dynam c ACK/ NACKs. This sequence can _ |

remai ni ng PDEGkvle ACK mesofuice sneffiicnsieh afid muthis asivet. p erveddripnipaftDEQHs/ided

t he second s : h t. 330 340 yespectively.
[ 0036] Consi déeﬁra-({ehgtgggrre %?‘%99? a@oé%%?uf%yﬁaéet?%&ﬁap S he exanpl e
descri bed abpwaswi t h riesipiyterdup theé DL PDCE@SEsimmeultiplatsubfranidd o dettiea t Siblilar

sub-frame P regi o an DM synbol s, ile ot her

b1 ames noahe oot TRRO T DR HE Ber e ey e ahepp OGS fetassgll DL sub-
ACKI NACK 1 esaith&e8hdE Ers €e¥ad Idcated UPRRT OF BNCGhioPARp tPthe BarfdldYk of the
synbols with roughly N13 for the PDCCH in each OF synbol . The ACK

resource resEPeEid sFPUARS e 4l dyramVAEYRIIOCKesr dhisraisnesran bp flbawed by
sub-frane asbedsniePbreiitih @hecfﬁgtf[blg gubeﬁarn@,@ chhinflASP OCHOHGhe Ldi6nd

| ar gest possible P time span for each configuration period.
[ 0037] Wt h t $vb-fearhe fndssmenfaind stownegt thend Id0erednicetsiclyDL sub-frame wil |

take up the fjohst N A [eso o he second DL sub-fra

cannot use u{)d(}?@e N r%ﬁﬁ%&eg%m u@%ﬂ)&&?%{%ﬁ%é)a?&&ébﬁheﬁﬁwﬁf

i nstead of 3deshiwe\edove wilerespict @IQ.2di AguACKat ashaficeBL galHiaine POCCH
freed up as the inplici ing of.the thi ub-fra ume
each DL sub-?elgﬁ’ﬁég%@éséW%Rgr‘é’é%gﬁg er I{ﬁgl' E{Lbféaqlﬁsqse &%Fmﬁw ,
the correspofdiPDCH LERGIALS. PR KROSCICAADIE rdis@destite RSt to support
transm ssion_as no further inplicit mapping is involved. Wth %e

CFDM symbol | PR spamBi A R HYmboE vathirorstan i & the PRGGH fecach OFPM st

N+2(M1)’\Vlr@g%<3i\kfe%f< QUL eSeARTol A8 %@% ' Firad¥irdssions i
r esour ces ar% eft unus_egégﬁff%caﬁ beouse13£ or EPJ%E transm sgsqlmg?l.mea(:h
Not e t hat evPh subréraiic Bs gubscinistatis cogfezuteddRD it bas (PDBEHterl angsstpssibdm

i nstead of 2 Eﬁﬁsﬁr}lgg ag@&ﬁegcun%%rggﬁg A%Ordesour ces are enpl oyed.

Wth the n‘ixg]a approac,l:}'u upSt Paes will take up the first N

+ (M 1) N13 AGBYINACK rwabutecab-fangd firkteénapping, the first DL sub-frame will take up the
first N ACK/NACK resources; the second DL sub-frame cannot use up the N resources
as the PDCCH span is 1 OFDM symbol instead of 3, however, the corresponding ACK
resources cannot be freed up as the implicit mapping of the third DL sub-frame assumes
each DL sub-frame uses up N ACK resources. For the last DL sub-frame, the
corresponding unused ACK resources can be used by PUSCH transmission as no further
implicit mapping is involved. With the OFDM symbol first mapping, the M DL sub-
frames will utilize the first N + 2(M-1) N/3 ACK/NACK resources and the remaining
(M-1) N/3 resources are left unused and can be used for PUSCH transmission. Note
that even the M-1 sub-frames use 1 OFDM for PDCCH transmission instead of 2, thus
the same number of ACK resources are employed. With the mixed approach, the M DL
sub-frames will take up the first N + (M-1) N/3 ACK/NACK resources and the



10 remaining 2(M1) N3 resources are left unused and can be used for
PUSCH transm ssion. [0038] Referring to Fig. 4, a system 400
illustrates a subfranme first mappi ng conponent 410 for allocation of
resources. Wth the asynmmetric configurafj on, each UL subframe wll
send ACK/ NACK corresponding to multiple sub-franes. The subfrane

first mappi I R -fra

sub-frane a%%é%@%?&ﬁ%%@?ﬁsﬁogﬁsﬁhgi ressgggﬁ?\élééqb?ﬁusieag?r%%gﬁfi rst
DL sub- f rangaminlissidrake up the first N ACK/ NACK resources, then the
second DL sub-frame, and so on. Depending on the asynmetric )
configurati B938he UL Rekringtodriget gisystemetOninsrates sspbirama frsh awaaipei n
an FDD syst ; : | .

[0039] 1 n” or darysheal| fof ahorBuBe UPENTLE, MR Sfe febineptechiblgon, cach
resour ces cHih sobfrernafwillueredA CESNACKacortdsaportdidgto muitiplersubffrables PDEEHS

across nmul tiple sub- franes. wever i ld inply sope of the
PO i 1 ont SRS AR Do PP RERES G SIo-EBEPE ophsib:
anot her subfihar®s shRNFA 4@_&3%9@?% RsbkGellyNe. GRS P1INubL iRe will take up

account. This would also inplyt PD‘%:CI—IS across different su%?’rarres
may not be tislfastld ACFRALEK hexuees thar thaserond SXlesubAfrathe aROECTHh.

i S d. th t, f P i
cach DisubPPERET oG o e sRERE i el DK ReyreH T hENLi Ry o
user s/ buf f efnosd then heedeD @t S BTN Jyaie Whérk 841 id18e kynfiirit @SRWELCAVI DL vs 1

reservation is sem-static. Therefore, if sone of the DL sub-franes
do not use HBJ)the N ACK/ NACK resources, the reserved bandw dth is not

utilized. [ Ref er Ei i.rel.ess co i.cations
et hodal ogy 000 15 11 MARPAB A e chyete U IEuRB G SERE R B spn
expl anat i onbe tdidigoipidnegdahagie tanicdnaidee bf et FOJ0He gtiess MeBipld DEGub-
herein) are _shown _and described as a series of acts, it is to be

under st ood EACpPP e Bis YHAL RpY speeib i R el inoee M subifmewilby
the order of,fgd @ith%&ngf&m%r BRI HEY anbfhe @Iraql%nﬁ&lc@”tﬁehscﬁ&ﬁllé){ahgﬁ'{ee
i y W ot her

enmbodi nents, occur in erent orders and/or cbncurrent

acts from t batstrginoiamo awvduate slitvis Weuldhbsoamply the P DESCGIdpheosstdiffaentsublrads
inthe art will understand and appreci.ate that a tcgi)dol ogy.could

al t er nat i vel3y 58t f‘e@ﬁ%gﬂe%ﬂeéat Cgagslﬁlwﬂéf@ qnﬁb%?ﬁ@ Bgowtgisgmpged. In

events, SUCH@Rerlafpddt, b MR bAFD NN GRS DRQLb Rdthe s d MRbAAL Shiber
acts may be utilized to i nplenent a nethodol ogy in accorddnce wt

t he cl ai meddepshilisgtonfiifIeH, tHe0oded wmé&rmgeﬁmtfﬁlmb-@ama philaghe UL ACK
520, 1 cor del " PHE EORPPOT™ BRGAREE SGEFCFa! T HOpE oot tanies & nof e

up the N ACK/NACK resources, the reserved bandwidth is not utilized.

[0040] Referring now to Fig. 5, a wireless communications methodology 500 is
llustrated. While, for purposes of simplicity of explanation, the methodology (and
other methodologies described herein) are shown and described as a series of acts, it is
to be understood and appreciated that the methodologies are not limited by the order of
acts, as some acts may, in accordance with one or more embodiments, occur in different
orders and/or concurrently with other acts from that shown and described herein. For
example, those skilled in the art will understand and appreciate that a methodology
could alternatively be represented as a series of interrelated states or events, such asin a
state diagram. Moreover, not all illustrated acts may be utilized to implement a
methodology in accordance with the claimed subject matter.

[0041] Proceeding to 510, group the downlink control channels (e.g. PDCCH’s)

from multiple subframes. At 520, reorder the control channels such that the control



11 channel s across subfranmes having a first control channel el enent
(CCE) is located in a first OFDM synbol map to the band-edge of the
reserved rmmggsw&or upl i nk ACK/ NACKs. After 520, at bpbedstohdes:
alternative processing approaches can be applied individually and/or
in different conbinations. At 530, a firldt processing approach

enpl oys an OFDM synbol first mapping as was previously described with
respect to Flgnnés achbss Ewiﬁ‘ranms ha\ifinga fiast corgrop clocedsilangena((pEias ocated in a

utilizes a upfra first

descri bed ﬁﬁ%@%ﬁ? %ba © ‘%%mtathﬁ r‘i’sﬁf"rﬂgﬂ%g %afa ﬁul%,@ia
subframe firACKMAPKRY A}%@Sjﬂﬁ 8t lohiathreaikehgnad pre¢ddghg ¥@ryacBiNYah &€

[ 0042] The techni ques descri bed herei n ma[\)/lee i mpl enent ed by vari ous

means. For e3RHpY Budiidhedy angeundgflfaent é“ci“ﬁplAé et e USSR Bwar e,
sof tware, or a@r&demn%&g &Do?b@{ Eﬁxflboi E%’i rrfap]%\ﬁé Qgﬂ@sseprbmsﬁ@éa&%eu%h

the processing units ["ement hin one or
appl i cati on wprest kg |2ntf5éé|4&t3éldﬂtemrlbm nrecegsiel @yoactivglizcalk ngikgh@FDM

processors ( B%%%l ancfj ugfrlitﬁ!: ﬁ%&ﬁﬁ%@’%mg %é) &?séées%eg %\V{hC ét[t)§ FDS% At 550, a

pr ogr anmabl e "l 0gI C eV|ces ro ranna arrays
(FPGAs), pr otédsppreachde msmhﬁalnerfsrst mMapping-peodky mhﬂ @nde ahmmzrtﬂplyca@ﬁlsaior S,

ot her el ectr uni t s ,desi gned erformthe functions descrl bed
erel n. or - ol W&fbi nat | B ToHERGTH e b ARC:S PRAT TR FORB e
t hr ough m)dUF&Sexélﬂpl@ theRMQGARMESay bdA érﬁ’é?ﬁed 1ﬁﬁ§ird$z@r60§l9ﬁ\¢ah@br§)erf0r m
the functions descri bed herein. The software codes may be stored in

Menory unit wwweaheé@fbyortqq}éar%weérg&!émgnt&tﬂmaﬂswmw%wawe
Figs. 6 and j 1@&&%&%@&3&%@6%&@%@%1%%@& ip%klﬁ%%ﬁeér&e%"lf;{rﬁﬁtg ﬁSﬁjs 'agéétal

processi ng. The systems are repres a series [ nt rrel
functional b$ipw procodsos HDERY), digitel eigosltpréagssing wech (¥R regtahmable

processor, r n bl e conbi nat
Phereor | boanekarbos RTORE TR b MR BN R e GRP oA bl

600 i s provighédo- ca'mmllsgssmmmlﬁa&ssuﬁg bthded e@ronxginita desig@d kepddfd2m ftigy
processi ng .channel s, from one_.or pore subhfranes and a
oot car modurincidh Seorbeb e fam Agor o an AR e e Lo naton
downl i nk subédnajm&rohgvmaw@s (kigl, Procc@td, BlncGHAN AR sonf tRNferforaated in
a first synbol map and associated with reserved resources for an

upl i nk chann@!ﬂcﬂomélewé%hﬁreeol‘m staR FadgeEay be ggicd ar meman witgod f or

generating a.¥fb@by fHeredcef@API N Or a m xed- synbol /subframe first
nmappi ng to process 1t/he resources. [0045]Referring to Fig. 7, a

wirel ess conilddicat i onlwyisg eaw TQBigs.gH gnb’x’uad;esiemeyowylsd that 1ZRE:s to
(nctudes 2 T GMERL R SI0E, SR GRARSRS PRI BB SEP
recei vi ng t hfuncidoral bibclshahiok ks represent functions implemented by a processor, software,
hardware, firmware, or any suitable combination thereof,
[0044] Referring to Fig. 6, a wireless communication system 600 is provided.
The system 600 includes a logical module 602 for processing multiple control channels
from one or more subframes and a logical module 604 for sequencing the control
channels across downlink subframes having a first control channel element located in a
first symbol map and associated with reserved resources for an uplink channel. The
system 600 also includes a logical module 606 for generating a symbol first mapping or
a mixed-symbol/subframe first mapping to process the resources.
[0045] Referring to Fig. 7, a wircless communication system 700 is provided.
The system 700 includes a logical module 702 for processing multiple control channels

from one or more subframes and a logical module 704 for receiving the control channels



12 from downlink subfranmes having a first control channel el enent

| ocated in a first synmbol map and associated wth reserved resources
for an upl wikzebresnal . The system 700 al so includes a | pgigadoosiRdsshe
706 for processing a synbol first mapping or a m xed-synbol | subfrane
first mapping to process the resources. 20046]Fig. 8 illustrates a
communi cati ons apparatus 800 that can be a wi rel ess comruni cations
appar at us, fﬁOmidnsfhﬁzﬂcmbﬁﬁmeshheazmgaa ﬁwisirc@hesls:hhﬁremalaﬁlmt 1éeheHdtin afiedt] y or

alternativel C m’rum at i o aratus 800 c eS| dent thin a
N red net vior WTED AL ATCRPT-OHE! DG LS00 ST el e Bthor Je B0
that can reta0uldoisélndstal 10616al hduRENE T Pro@sdnSh Ghddol ARRhMSHiSe b @
W rel ess communi cations term_.nal. Additionally, comunications

appar at us 80BxedyYmARl syblgarae Ei’sb@é@!}@& toguaceshihe resawCeixecut e
| nstructi onsipisghi N MARIYiRIe RN Al EEL AR BRFBLYER bk L heless

anot her net wor k deV| ce, “wherein the instructi h’%s can re
configuring mmromqr@mnmgpp@mslscbmmnn@aswhms aa‘pp@sateumnabmcbﬂticmally or

rel a.t ed Cow%}&&%kélg1 e()n%?lp Ja?‘E) 115 Eg)g% %]}5 Ilq.)rerl'lsir;%e | S Itlﬁ %\g%ﬁ?daqaéé\a()rkrrh e

mul tiple access W r Ss

mul tiple acc@smmxcﬁiomssp;ﬁa@mﬁﬂmﬁh nr@:lludsymtnemz 90Dthhteh Weteis itttk €or
cells, includi Pog@cel s 902, 904, and 906. In the aspect the system
900, the cel PETOHBIE agirpal aalySeor2 Mk esheqnypenicrtiRprierEngly Additigaries

mul tiple Secé&ﬁrﬁum&fﬁﬁnmﬂpﬁfaﬁis%%%&Qﬁ&uc@%@r@@eszﬁ?%@?%a%m@&% of
antennas with each ant enna resg{gﬂnm ble for communi cation with UES in

a portion of inflEuctieny withipgemogrn AR end/qr insaptions gezeivah fremrmacigeioigpeorg 12,

914, and 91644 GRY &, rf-gﬁllt[ cell 904,

ant enna groups 91%3& 501% aggRgggséeagé atgl(t)%es f@%ﬁj&r&t n%?ler ent

sector. In ceinhm@rﬁ&tloamp@anam@ﬂaupsr@@dd cc@@Bynicatidn®gBParwash correspond
can _incl ude several

to a differe ector.p he _cell.s n
wirel ess confgr]:g'4 cati on& "{}P%gs e mule}ggfmcﬁﬁgu %%SEFOIBFIUUE?‘OWP%W
can be in copiirilbatriteh "thlhulﬂpké a@éesmireiemhm{@1@f1o£@@ﬁn§%0|m&ﬁ)(?e,s

Node B 042, DRETGSFIRFEEE Tl OV 2 20 o InCas FORCAR HORBOBOG ool

and UEs 938 o0nd 984 Qn€as Rty indiua® INeak 8ahit Gt iMet Hquﬁ@se&o%Grhe multiple
[0048]Referr|ng now to Fi 10, a nultiple access wreless

comuni cat i owcwaé&ﬁé@fé‘@g@w BEPUPS 0 batderagpwith c4ol antenuasicspenaibile fan
access point O]HQI’QQH édiigé gdﬂ%&k‘% tn'orf erncgnaggp&gﬁlé@{@ 0811@8%, émtenna

i ncl udi ng 1004 an anot el U
addi ti onal i grohpsfldgd O 4Rl %lrﬁdnal}oemh chmesfougl. to 2 @jffoelt yedtavo Iaotledtdas ar e

h f f
11T zed 1o TRAE EEPoARs o SR Aebea TP R FBm s Theel e

comruni cat i OﬁntNMn‘B lrcupt e:mjass ahd 910dah avfleshBildho AMIEFEEntRBEEN M Ak,
and 1014 tra information to access termnal 1016 over forward

link 1020 an 45 aéléé’peéaw AssavPRhWiFlgH corpmwication daviess, e191'6sep Faypment

reverse |i nkodORS whihGas Be hﬂfoiﬂdﬁﬁhca%@g%nh%néBrﬁi@l@rw&bﬁ%?b&ﬁ c\é‘i‘l bk, 904
ant ennas 1006 and 1008, where antennas 1006 and 1008 transmt

i nf or mat i on eP04c Fexexampieniifa N3 amb935cen be oy searraumi¢atin wiheNodad 942, UEs
f [ .
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use dif f er entonimegertion yifhgrodedh®ifni cati on. For exanple, forward Iink

1020 fferent f. d b |i nk
1018 T 0045 BB or oug BB PRALE e Ao G o SRR S e o

desi gned t o system according to one aspect is illustrated. An access point 1000 (AP) includes
multiple antenna groups, one including 1004 and 1006, another including 1008 and
1010, and an additional including 1012 and 1014. In Fig. 10, only two antcnnas arc
shown for each antenna group, however, more or fewer antennas may be utilized for

each antenna group. Access terminal 1016 (AT) is in communication with antennas



communicate is often referred to as a sector of the access point.
Ant enna groups each are designed to communicate to access termnals
in a sector, of the areas covered by access point 1000. In

comuni cation over forward |inks 1020 anmg 1026, the transmtting
antennas of access point 1000 utilize beamformng in order to

i mprove thegixapal it @- éé %rbt%gﬁa's 2&0% ah Pl mrtganshl%ﬁfomlétlém a@:ésg ErMal

access termnals 1016 an an access
beam f or m nt0ltboovier Eorward littkol (ROces $edesxrennfmarhst1m:ﬁd)memea§s t@mdmﬂﬂl §16 over

t hrough its cove es |ess. i rf.erence ta access termnals in
nei gﬁgor : m}ee’arVSP liif ﬁ%ﬁfﬁ"%&@ﬁglﬂbﬂf if PSP PRFA Ry e s d PP ard

antenna to ahdg, wheredmERnss i(ﬁfﬁrEnHQb% trﬁﬁbnﬁ?ﬁﬁ&%a@i@h% acfE@Q’s t@ﬁﬁuﬂaiflb(ﬁ@%ver
station used for communi cating with the termnals and

referred tofoawarddinkcldBésnpoicaive 1®fom@t®n5*,romraccsf@mnnmabt022mwr nolesg Yink

An access t 1 nal al.so be cal.l r.m, nal r
cautprene (O 185 FHE 88 St dR LGRE A0 F M Ry 10 e
term nal ordigferet Gefehcy ErtoiPhadatioh O@8OLREE fordgird Bnibl @20 Ady u a
system 1100 illustrates a transmtter system 1110 (al so known as t he

access poi n@lffeéﬁﬂﬂfrﬁqlieéébthﬁéﬁh%y@@fbbﬁ eYene liak $81%nown as access

termnal) MO s e nsmtte 110
traffic dat @Og%fr\/l a nu% %ré}%]%plgp{fné of 5r glgir/résr tlﬁg arpe? ovivdt 2'){?* ée%%?eg to
sour ce 1112cdromanitstaisatdn refeXed datda wcaﬁe,s?ﬂwac&és%ouﬁamte@lﬁ& grodibs el

is transm ttEd Qver a respectl ve transmt antenna. TX data processor
1114 f or nat ¥¢ deHFe 0 LARIURICEEY toAreRsS fnmInalsinG Secightod thepreassonegd bx

stream base c I t .dat a
troam to prsurdR RanRy i P AR SR A 1000 A IO 08T
stream may ﬂnmsnuttmlg;ahem ofiatesppodint 1@k wilizs bagn Geiiohih§ &cbrdetiodmprobeehe
pilot data i.s i call own t that is processed in a
known nanne?lgléahég Taye B% Olfégggr“éﬁrd f a%s ﬁoé?:l'éq ‘gégregmésrﬁt?@ll%ﬁ L Rl and g2
channel respARSsh ackhg dd&ﬁth'sﬂ%%éﬁg thﬁﬂ%b@HQns%g% c@%{% % a1§§t%heféat a

streamis then 14 nodul at ed mappe on a
particul ar md@rnéftthmmgb@menﬂer{ly @U$eSB@SK@te@SK¢e tivkePSISs teaomindlsGaN)

sel ected for .t dat amto pr.ovide a ols. The, data
oo codi niElRtinRaaE Bh 5 Mot B Hrines Py e coeter i el

by i nstructi®Bss toekihas md doyesPpeBemaPhe Hﬁc@d statl09 2deliler onAMbAlhHY with
synbols for all data streans are then provided to a TX M MO processor

1120, whi chthgdgmrinas #sk mpy @‘é@bgfﬁ{fﬁ@ed@cﬂa lagtapesss ginb 6Noded3, @r sothe pther

s o RIS o 3 Olecdd Sk BT R (e Rl Bl ebital (i Spipment

enbodi nent s(UBjXa M1fé[éspb@ﬁ&$ﬁﬁﬁt1dxﬂ8@n®ptﬂnhﬁﬁd headss fepmifah 6r WRhedbther t O
t he synbols of . the data streans and to the antenna from which the
synbol is bEPREOIGE s t t ed. [0053] Each transmitter 1122 receives and

processes a ectiv r a H ONg .
signal s, @@?E}Ot her %o% It ons (12 %§£%ﬁ6?§¢ ﬁ@g{?ﬁ?‘? ﬁrglgégr,hﬁgﬁsn 1110
up- convert s{)alstohmowmabdg: scgnR ot mdy eutide systemduilsatgdo Bhgnakhs access

suitanl e {of L NS S5hA8, over e, 1 12 changel o AT todylated ol gl

antennas 11gdandr it audRirddddis préBERLESH URaYa source 1112 to a transmit (TX) data
processor 1114. Each data stream is transmitted over a respective transmit antenna, TX
data processor 1114 formats, codes, and interleaves the traffic data for each data stream
based on a particular coding scheme selected for that data stream to provide coded data.
[0051] The coded data for each data stream may be multiplexed with pilot data
using OFDM techniques. The pilot data is typically a known data pattern that is
processed in a known manner and may be used at the receiver system to estimate the

channel response. The multiplexed pilot and coded data for each data stream is then



[ 0054] At receiver system 1150, the transm tted nodul ated signals are
recei ved by NR antennas 1152a through 1152r and the received signal
fromeach antenna 1152 is provided to a respective receiver (RCVR)
1154a t hrough 1154r. Each receiver 1154 gonditions (e.g., filters,
anplifies, and down-converts) a respective received signal, digitizes

the condi tignad,ahgng! ﬁ%o@{ﬁﬁggﬁ bAGURIES aﬂarfﬁr{r%&qm{onpsrcﬁ&ﬁé 0%5§?§K

sanpl es to provide a torrespo st ream

RX data proQesEpM- RSKQoﬁIh{eQAM)cyelecs&é fwﬁammmﬁﬁotﬁa@rmﬂmeﬁl@nmd
synbol streans from NR receivers 1154 based on a particul ar rece| ver

processi ng D@k qlRe 43 pioepdiasnand naduiatiopfor %ayhﬁaﬁa SHEFBARAY. beThe RX
dat a procesg émﬁ%ﬁﬁﬁfﬁ@ﬁu&%ﬁ{?gwfﬁﬁﬁeﬁ blycb‘?%éégécﬁ'rl gves, and decodes
recove

each detecte streamt etra |c data for the data
stream The[QﬂSﬁbes& n@hdnmo&xladan W@mﬁsebrﬁa@%@ams acdhgl goertdrya TE

t hat perfor X M cessor 20 and TX da oce S 11 4
at tr anom « VMG Yregispt Lo, PRGaeapA B e 6ens ternot BuRirourban (&

det er m nes weDMN, Wﬁm@@o@%d@%&nm &eHE?ovﬁdEsWﬁr%@ﬂlaH@ﬁ SWMibol streams to
Processor 1170 f'ornmul ates a reverse nmessage conprising a matri X

i ndex porti Ji teandmittaraiMVR) LE22acghtough 112% e [n e&x@msenbmmmem@sﬁ@émi@y

conprise various t s of. i.nforpation r. ard'n t € .CQ I cation
"Ik and or ProRg e EER edlen i FRRLE R L BRI E R bl e ant o
then pr Ocesﬁﬁtin&)ﬁnﬂfr@ﬁﬂﬁ%ﬁt@@ﬁ%ﬁﬁ%e&%&&nsﬂﬂt&h al SO receives
traffic data for a nunber of data streans froma data source 1136,

nmodul at ed bif083hodul aEagh tlam@ntt@dﬁa? FacErYEHans PIOPSAETA teplact v 3ukp] stream
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system and up-converts) the analog signals to prov1de a modulated signal suitable for
transmission over the MIMO channel. NT modulated signals from transmitters 1122a
through 1122t are then transmitted from NT antennas 1124a through 11244,
respectively.
[0054] At receiver system 1150, the transmitted modulated signals are received
by NR antennas 1152a through 1152r and the received signal from each antenna 1152 is
provided to a respective receiver (RCVR) 1154a through 1154r. Each receiver 1154
conditions {e.g., filters, amplifies, and down-converts) a respective received signal,
digitizes the conditioned signal to provide samples, and further processes the samples to
provide a corresponding “received” symbol stream.
[0055] An RX data processor 1160 then receives and processes the NR received
symbol streams from NR receivers 1154 based on a particular receiver processing
technique to provide NT “detected” symbol streams. The RX data processor 1160 then
demodulates, de-interleaves, and decodes each detected symbol stream to recover the
traffic data for the data stream. The processing by RX data processor 1160 is
complementary to that performed by TX MIMO processor 1120 and TX data processor
1114 at transmitter system 1110.
[0056] A processor 1170 periodically determines which pre-coding matrix to
use (discussed below). Processor 1170 formulates a reverse link message comprising a
matrix index portion and a rank value portion. The reverse link message may comprise

various types of information regarding the communication link and/or the received data



1150 are received by antennas 1124, conditioned by receivers 1122,
denodul ated by a denodul ator 1140, and processed by a RX data

processor Highdod/msetract the reserve |ink nessage transgiitRob/Aysskhe
recei ver system 1150. Processor 1130 then detei m nes which pre-coding

matrix to use for determ ning the beam flérnmi ng wei ghts then processes
the extracted nmessage. [0058]1n an aspect, |ogical channels are
cl assi fi ed istteaCdit r@ders@tﬁahrrehﬁga‘rsdhéﬁrmédehmdﬁnam}éﬂzﬁa piloogs@all138, which

Control Ch | dcast t |, (B ich i
o channel 0% BFESRTRER i By BOURP TSR AP B FPORTAE fot byl b
Cont r ol Chanmediuiﬁtacgf-a rrWdizl@i&:r il s8kornamBe by triainitéransf4@tisoRaoi 139r, and

information. Muilticast Control Channel SI\/CCH) which is
Poi nt - t o- nultlf?“ﬁ%‘i“FPEibBE orEmaIteuy s bl r ansni tting Ml ti medi a

Br oadcast an@ﬂw | ticasi; t§ﬁ§1ﬂht€ﬁsy@m)lostﬁ@ﬁgﬂﬁlh@9 %ﬂgs ﬁ‘gﬂtr&%lwer system

information for one or sever al General | ter establishing
RRC connect i bi#0tahg @C@Y@HW@IMQHQ&SOHI% méﬁow wEscmma 2@ céamagiuBrBY 2

(Note: old

o nt -t o pot 4P SRR KR asf 100G ot PEFnle B g geserve
control inf ohﬂwhessagearuﬂsmmd bpyheUEwMWW A ORREb ez eson &30 then ddicrmireal
Traffic Channgl rise a d Traff Channel ( which is
POt -5 o pot RHCRPRARUETTHA SR DEDE TETHIEVOEH fER ¢ ne
transfer of mﬁssdsmﬁ@gxm&tb@ﬂm &0, a Multicast Traffic Channel

(MICH) for Point-to-multipoint channel for transmtting traffic
data. [0059]MPP&¥sport leanamsrislogicel ¢hepacdy are lgssifindgntoiCongal Channglp and
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whi ch can be use or o er con P9 CRanna
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channel s andcdduotingsmetin for 36 &QALERLITIECES. cPdﬂé/raq;? admeésssaml@mg RRES:
Common Pil ot Channel (CPICH), Synchronization Channel Common

Control Chan¢feneqtiomtiy chagpeligentpusedd /i thetrageasi MB kJUI ticast
Contr ol Chanﬂﬁ'CI—fWi? D%a?c'é{%q Clclhtr@lsé ﬂﬂmﬁtcﬂz%& s ?Uﬁ%b chrec ional
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[0061] The UL o, Eaar! ngff%%hgme 5.0 %é? & bedghed TRRECAIRbIPTCR
(PRACH), Chawhieh imehtLtbyaoinm Hi—@l&fcﬁbneﬂ:hmell deddidteGHd pnACE Nfovthe dgesternds

Channel (ACK Antenna I ndicator, Cha I Shar ed
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and Br oadbanpi Rhimiel fobharmnelittinBRhfEd) datd or exanpl e. [ 0062] Ot her

terms/ conponents include: 3G 3rd Ceneration, 3GPP 3rd Generation
[0059] Transport Channels are classified into DL and UL. DL Transport

Channels comprises a Broadcast Channel (BCH), Downlink Shared Data Channel (DL-
SDCH) and a Paging Channel (PCH), the PCH for support of UE power saving (DRX
cycle is indicated by the network to the UE), broadcasted over entire cell and mapped
to PHY resources which can be used for other control/traffic channels. The UL
Transport Channels comprises a Random Access Channel (RACH), a Request Channel
(REQCH), an Uplink Shared Data Channel (UL-SDCH) and plurality of PHY channcls.

The PHY channels comprise a set of DL channels and UL channels.



Partnership Project, ACLR Adjacent channel |eakage ratio, ACPR

Adj acent channel power ratio, ACS Adjacent channel selectivity, ADS
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function, CONRS@odeThe PLIAN clranhels poraprasce dsanma@rPilacdennsi (CRICHLL

oi ot - channot eLBp gt oSt Conho e (Rl KRl SHhiGPBT™"

qual ity i ndi Caitar ChGRE! GPICH), vadiicadiatmayrot Okatel (DATCHY®hiredkKLcont r ol

i ndicator, DET.Di sc e F i transf qQr DFT-, SOF 1 ourier
t ransf or m spfERPEDM'? £ @ﬁﬁ@nfé@@i@%&%ﬁ%@%%@%%ﬁ? Eyswal
transm ssi onghardd BSCAhBRRNDINRSBIEN AdL. PhRBNChntroPEiRYie JdPsSPaging
physi cal layer, DSP Digital signal dDr ocessi ng, DT _Devel opnent

t ool set, DVIRIeEr CarmgEELer). apd hatd ladiepips ChannegAIEH) dorxpmpledesi gn
aut omati on, E-DCH Enhanced dedi cated channel, EUTRAN Evol ved UMIS
terrestrial H4fllo adbebd HEY WhennelsanBpEsEy Fhysich! Randammbdicas Shavadic ast

mul ticast sefpy e

Ener gy per ré%ﬁ%%&%ﬁkﬁﬁg@&&lﬁ r%%@ééﬁ((%éﬂgpb%%&%%%%F%%g%haﬁEﬁE
St andar ds | nEACKUHg, Arffenidd RAbdev bidicethr URitAic] ASICRANhited [RegdestTRANCL EVM
ooty e AR R BRSSP ) Bsbmieienc
Fi xed refereaﬁ@n@r@mﬂ{),f&%&a{ﬁf)@nﬁ structure type 1, F52 Frane
structure type 2, GSM 17 d obal system for nobile comuni cati on,

HARQ Hybri d giakgimet iothdr &R88kom e tinciddl 3 6B Hal Lat G SEEPIPE IdUbneration
| anguage, H HARQ i ndi cat or, DPA Hi gh speed downl i nk packet access,

HSPA Hi gh spBathephiklivicaic A63R Adigtgprchannd) lesbagedatip AGHR pdisket ckooess,
| FFT | , Iy tAntR i O
Local | oscr b rajdrpOsABLRRELRBM Kooy B9 ARR R Bl BRSO g

MBVS Ml ti meddaptive oadohson md dodogs A-MdBR\A del@ionMBSENnum power reduction, ARQ

Mul ti cast/ brqadcast over single- uency network, | ticast
Channer - M VOTRITEF BRESRHST. R OB thegeo! SATSE MISCHF BorRp e
si ngl e out puktatidYEDWO{dlictdeiapRiRReeyeOt DE WontplemdWedry MahReve didttipuiton
power, MPR Maxi mum power_ reduction, MJM MO Ml tigl e user M MO, NAS
Non- access sftmawmc%%ééﬂodagwl%@élﬂﬁ{em%ﬁ G Sontrelfomat digagars Gere

OFDM Ot hogo i\ i St |11 i gﬁg%
frequency di \l%j} g%?%?@l %I%%dé’cs@elgg?a%&%ﬂpgﬁ!k@?g-oaver ag:ljlgE %o}%\%egérm?gtul 0,

PAR Peak-t 0- &oemageubli jadio imBdrecPh Q8 Channchauwdidciadicatoh §eeCycliprgiopdicy
Primary co S] . R i
format indica Sfrg’ C Qﬁ%‘%‘ﬁ%&ﬁ? Q&g@%&g gﬁr@? Jr&EB@%I@bﬁ@sf?%g{ﬂg&g%)me

control chanbBélcretdRFePankéirmdptead OFDM e DoenpnlofbagdtatioRBSEscriber

Physi cal downlink shared nel ,  PH CH Physi 1 4 ARQ i ndi cat or
oo povpttssian: s ER Rk bt retre By s Mbet Pgschfare
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P-SCH Primary synchroni zation_ sjgnal, PUCCH Physical uplink control
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i ndi cator, SAE System architecture evolution, SAP Service access

[0063 Still yet other terms include FFT Fast Fourier transform, FRC Fixed

reference channel, FS1 Frame structure type 1, FS2 Frame structure type 2, GSM



terminal. Atermnal can also be referred to as a system a user
device, a subscriber unit, subscriber station, nobile station, nobile
devi ce, rewm@i®oBi3atHMon, renote termnal, access term nabCT/USWI9/042632
term nal, user agent, or user equiprment. A user device can be a
cellular tel ephone, a cordless tel ephond’ a Session Initiation
Protocol (SIP) phone, a wireless local |oop (WL) station, a PDA a
handhel d devilobalsasipmdonelslcasmmupmaben, in%{)Q Abi pitpyaticrepesd edqeest,
within a teryg -1 hat ] bRt

wthin a hootPhatra B BEnbAdt el LRGSR, ASOPRUB SR | i ce
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conbi nation thereof to contr?l, a conputer _or conputing conponents to
i npl ement  vaYiuBRedgdRrdcast grultiqae servinenidlp SERY B kicasvttopdgast oisesipgem
"article of mapUigGlwr &k, MEHUNEHICRRLRINAC RIMY SRR | BuGHEHR 3gHud
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devices (e.g stick, key dri.ve.. ). Addit] lJy it oul d be
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conput er - r eadiaiion nall@slk e PARR Peslitieaasagt hower Mﬁ@@@Péa&c&ﬂ%ﬂ@rﬁ%é ng
and receiving voice mail or in accessing a network such as a cellular

network. OF @BRTRCH Phisdee! Biepqqasiphpppel, ReCPEHBirimary esergn satrehpfysical
nodi fi cati ong,nRy, ﬁl?ﬁl@ﬁ%y%i@altcg{n?oiq&%{a't SHdf Lo Qb P@HEP(%%%Q 2hinBg

fromthe scope or spirit of wh I's descri bed herein. ] What " has
been descri bedCabRMsicHdlowdbsk epntrpéhagnadfPRYHR Pakendateeccambgdicapritecol.| t
5, of_cour sgpenglppQas bl Ao dRacLe, SUecy phoncelval groqmRingt | on
of conponent's or methodol ogi es TOor purposes o escry I'ng tthe

af or enent i ongcinnd PHEYIRhgKicab tatysr, PRACHPleysiwhl randbinn ascyssskarnel, PM T H Ehpgidal

may recogni ze that man her conbi nations mut ati ons of .

Ve ous enboiien: Rt pYLERS e ARBR iy PO Tk ppegon Zation
enbodi ment s agel, PUCTHE Slydicul apbikaeard chasiet An@PUSCAPHYRSal uplink shared
nodi fications and variations that fall within the spirit and scope of

t he appended®§lns. Furthermore, to the extent that the term
“includes" is used in either the detailed description or the clains,
such term i sl%0pdlend@ther éerbe irichidk (N dviadratureramplétpdsinadulationt @P8Ke term

"conprising" N i Skng  bS i n I .

tranei t onal QR iR AL Bkt BACH RUEbGACHF IR, RUTh D Recss
technology, RB Resource block, RF Radio frequency, RFDE RF design environment,
RL.C Radio hink control, RMC Reference measurement channel, RNC Radio network

controller, RRC Radio resource control, RRM Radio resource management, RS
Reference signal, RSCP Received signal code power, RSRP Reference signal received
power, RSRQ Reference signal received quality, RSSI Received signal strength
indicator, SAE System architecture evolution, SAP Service access point, SC-FDMA
Single carrier frequency division multiple access, SFBC Space-frequency block coding,
S-GW Serving gateway, SIMO Single input multiple output, SISO Single input single
output, SNR Signal-to-noise ratio, SRS Sounding reference signal, S-SCH Secondary
synchronization signal, SU-MIMO Single user MIMO, TDD Time division duplex,
TDMA Time division multiple access, TR Technical report, TrCH Transport channel,



1. Anethod to allocate resources for wrel ess conmuni cati ons,

conpri sing: grouping downlink control channels fromnmultiple

subf ranes; wo 2009%/1319er i ng t he downlink control channel sratweRss/042632
downl i nk subframes havi ng a first control channel elenment |ocated in
a first synbol map and associated with ridserved resources for an
uplink channel; and empl oying a synbol first mapping or a
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physi cal downlink control channe The method of claim 2,

4,
further conplpPéiYRstsuanl %@Y%MI'QEIMAB Brieisband easigrshieisian maltipfepcaessi r st

CCE in a second OFDM synbol. 5. The nethod of claim4, further
conpri si ng ofde?li ng ddmmptﬂd theed Meniais agrteatdmed deseribeil lhgreal ihicogteciR@Bvitina a
third OFDM sy | rt conpri

ordering down E é%% nne? &%%(%/Al tﬁ ag]a%?“"tgrng’t e|V1r§:¢’a ﬁcr%ﬁrumt
OFDM synbol . Subi’crlb'EhﬁatImﬂ; hmﬁlle)itatﬁjnanmi)ﬂg dcfvlmx Teaibtetion) b tsehed Wcbag
unused resou ces for n¥ | i.nk shared chanpel

transni ssi on§TM3h Usegte ?ﬁgﬂlt’cﬁr USFTEAMPCN] J} PS5E e"d‘"c?r%g%‘ be p fgflular
ordering r enﬁldﬂhtﬁl@, Q@Uﬂﬂlebﬂ%lsﬁmﬂ{e! H8ession Initiation Protocol (SIP) phone, a wireless

local loop (WLL) station, a PDA, a handheld device having wireless connection
capability, a module within a terminal, a card that can be attached to or integrated within
a host device (e.g., a PCMCIA card) or other processing device connected to a wireless
modem.

[0066] Moreover, aspects of the claimed subject matter may be implemented as
a method, apparatus, or article of manufacture using standard programming and/or
engineering techniques to produce software, firmware, hardware, or any combination
thereof to control 2 computer or computing components to implement various aspects of
the claimed subject matter. The term "article of manufacture" as used herein is intended
to encompass a computer program accessible from any computer-readable device,
carrier, or media. For example, computer readable media can include but are not limited
to magnetic storage devices (e.g., hard disk, floppy disk, magnetic strips...), optical
disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart cards, and flash
memory devices (e.g., card, stick, key drive...). Additionally it should be appreciated
that a carrier wave can be employed to carry computer-readable electronic data such as
those used in transmitting and receiving voice mail or in accessing a network such as a
cellular network. Of course, those skilled in the art will recognize many modifications
may be made to this configuration without departing from the scope or spirit of what is
described herein.

[0067] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination

of components or methodologies for purposes of describing the aforementioned



channel s not associated with a first CCE in a first downlink
subfranme. 9. The nethod of claim@8, further conprising ordering
remai ni ng skawb¥/rsk19gont rol channel s not associ at ed w t he¢tresfoovmbesCCE
or the first downlink subframe in a second downlink subframe. 10.
The method of claim9, further conprisindd ordering remaining downlink
control channels not associated with the first CCE or the first
downl i nk subfmiadEments, bhieons@f ordinagostnll imike st bfay agregiige that mamufurther
subfrane. 1 [ r n
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further conpr|5|ng groce55|n t he downl i nk channel s_in accordance

with time di YRESOHCHiRMEkIngndet BRGHAYSIE 1) ﬁﬂaélﬁef(ﬂﬁﬂ%f%o thederghs or

hal f dupl ex ‘fdbﬁﬁlﬁﬁiﬁgyasd‘cgﬁlﬁhﬁﬁg SY fh&PRted wirn efpfRIIHY c4aklRns wor? in a
apparatus, conpris a menory that ret S Instructions
aggregating @@ntrol channels frommultiple subfranes reordering the
control channels across subframes having a first control channel

el enent located in a first synmbol nap and associated with reserved
resources for an uplink channel, and processing a synbol first
mappi ng or a m xedsynbol /subfrane first mapping to allocate the
resources; and a processor that executes the instructions.



22 16. The apparatus of claim 15, the control channel elenent (CCE)
is located across downlink (DL) subfranes where a first CCE is

| ocated in a first orthogonal frequency division multiplex (OFDM
synbol map to a band-edge of the reserved resources for uplink (UL)
dynam ¢ acknow edgenent/ negati ve- acknow?dgenent (ACLC/ NACK). 17.
The apparatus of claim 16, further conprising downlink control
channel s having a first CCE in a secoalL. AWM synbol. 18. The
apparatus of claim 17, further conprising a scheduler to process
unused resources for Physical uplink shared channel (PUSCH)

transm ssions. 19. A communi cations apparatus, conprising: nmeans for
processi ng nibgtisckigyhist ol channel s fromone or nore subfrancs;
nmeans for sequencing the control channels across downlink subfranes
having a first control channel elenent located in a first synbol map
and associ at éd wi A methedde vldatategsmurces briarlancamphimeatiohs eombrisisgid

nmeans for generatjing.a ol first, mappi-ng or..a, m xed-synmboUsubfrane

first mapping to %P%%@%%X?qgkf ggﬁf%%gggfgg?m‘h@%ﬁ%ﬁﬁ%??geadable

medi um conpri si ngdering the downlink control channels across downlink subframes having a first
control channel element located in a first symbol map and associated with reserved
resources for an uplink channel; and

employing a symbol first mapping or a mixed-symbol/subframe first mapping to

efficiently allocate the resources.

2. The method of claim 1, the control channel element (CCE) is located across
downlink (DL) subframes where a first CCE is located in a first orthogonal frequency
division multiplex (OFDM) symbol map to a band-edge of the reserved resources for

uplink (UL) dynamic acknowledgement/negative-acknowledgement (ACK/NACK).

3. The method of claim 1, the downlink control channel is associated with a
physical downlink control channel (PDCCH).

4, The method of claim 2, further comprising ordering downlink control channels
having a first CCE in a second OFDM symbol.

5. The method of claim 4, further comprising ordering downlink control channels
having a first CCE in a third OFDM symbol.

6. The method of claim 5, further comprising ordering downlink control channels
having a first CCE in a fourth OFDM symbol.

7. The method of claim I, further comprising scheduling unused resources for

Physical uplink shared channel (PUSCH) transmissions.



processing nmultiple control channels from one or nore subfranes;
reordering the control channels across downlink subframes having a
first control channel elenent located in a first synbol nap
associated with reserved resources; and transmtting a synbol
first mapping or a m xed- synboUBubfranezflrst mapping to allocate the
resources. 21. A processor that executes the follow ng instructions:
moni toring nl tipl f@ reihad ol clagidn frather fonamismeirdprial |f<tr931@iﬂg gomrlinkmegtrol

spreading ¢ hewnL K9lGRANASlA Apsscedral) R AHRLI GRS, having a

first contro annel Iocate ina
associated wth reserved resources, and transnlttlng a synbol first

mappi ng or m xed- s 0 fr irst mapping to distribute.the
eobur ges. %3 pothextBet el tn Y Fistoet S gkeng st pe ARGl ol
comuni cat i offanndtORMRkdtagd Widakt HishgCEQWMHC fivt deamtiflpbubelame ek sccbh@m
mul tiple subfrang processing the downlink control channels
acr oss dowml@%%ﬂgéﬁFw%ﬁ%% having a first control channel el enent

| ocated in a first synmbol nap and associated with reserved resources

for an uplink channel; and
10.  The method of claim 9, further comprising ordering remaining downlink control

channels not associated with the first CCE or the first downlink subframe or the second

downlink subframe in a third subframe.

11.  The method of claim 8, further comprising scheduling unused resources for

Physical uplink shared channel (PUSCH) transmissions.

12.  The method of claim 1, further comprising evenly distributing data control

channels across multiple subframes.

13.  The method of claim 12, further comprising processing a symmetric number of

downlink and uplink resources.

14.  The method of claim 1, further comprising processing the downlink channels in
accordance with time division duplex or frequency division duplex systems or half

duplex frequency division systems.

15, A communications apparatus, comprising:

a memory that retains instructions for aggregating control channels from
multiple subframes, reordering the control channels across subframes having a first
control channel element located in a first symbol map and associated with reserved
resources for an uplink channel, and processing a symbol first mapping or a mixed-
symbol/subframe first mapping to allocate the resources; and

a processor that executes the instructions,



processing a synbol first mapping or a m xed-synbol/subfrane first
mapping to efficiently allocate the resources. 23. The nethod of
claim 22, the control channel element (CCE) is |ocated across
downl i nk (DL) subframes where a first CCE is |located in a first
ort hogonal frequency division nultiplex 2(O:DI\/p synbol map to a

band- edge of the reserved resources for uplink (UL) dynam c
acknow edgentht / nBigarpiretua ekeleww b dementrol(chareNaerpnt (CCE) isTatadeictossl

Physi cal upl {HIEREPLEAMRER e BRI AR R 8RR Riqucncy

conmmuni cat i odisisappeulaples (OHNDsyBba gnap to a bandacdpe wbthy rédaated rabaicessor
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control channel elenent |located in a First synbol map and associ at ed
W th reserved resources for an uplink channel, and processing a

synbol fir st ! frappliPeiratys af daigs hes cospirising dovndink gerpisl Apnpels having

all ocate the, ﬁ%eg@!gqﬁg,sec%ﬁglcﬁzmﬁgﬁgﬁgor t hat executes the
i nstructions. A commruni cati ons apparatus, conprising: neans for

processi ng rrultl pI e control channel s fromone or nore subfranes;

means for recgivi fromdo K subframes
having a first con r%’p gﬁ#el Fg '}ﬂ% ?%“&%‘%Sér% E}Sn%%ld F’irrt%PmC(ifl%l lf‘se?lnap
and associ at edom’:dsrforrlégfeucwlethnleskmwdcﬂsnﬁee(leCHmténmhisabmneI ; and
means for processing a synbol first mapping or a

m xed- synbol / subfranme first mapping to process the resources. 24
19. A communications apparatus, comprising:

means for processing multiple control channels from one or more subframes;

means for sequencing the control channels across downlink subframes having a
first control channel element located in a first symbol map and associated with reserved
resources for an uplink channel; and

means for generating a symbol first mapping or a mixed-symbol/subframe first

mapping to process the resources.

20. A computer-readable medium, comprising:
processing multiple control channels from one or more subframes;
reordering the control channels across downlink subframes having a first control
channel element located in a first symbol map associated with reserved resources; and
transmitting a symbol first mapping or a mixed-symbol/subframe first mapping

to allocate the resources.

21, A processor that executes the following instructions:
monitoring multiple control channels from a plurality of subframes;
spreading the control channels across downlink subframes having a first control
channel element located in a first symbol map associated with reserved resources; and
transmitting a symbol first mapping or a mixed-symbol/subframe first mapping

to distribute the resources.



27. A conputer-readabl e medi um conprising: processing nmultiple
control channels fromone or nore subfranes; receiving the
control channels across downlink subfranmes having a first control
channel elenment located in a first synbol map associated with
reserved resources; and processi ng3a symbol first mapping or a
m xed- synbol / subframe first mapping to all ocate the resources. 28. A
processor thzd exdowthed to hecessirdsowicerglor witlesrotonumeications, t@npising:

nmul ti ple control I | j.t f ...receiving
t he control chanH%P§ﬂ§€?%§@ﬁ%ﬁ%ﬁ?ﬁﬁﬁ&gﬁE#ﬁgﬁégﬁﬁEV%ﬁggiﬁ?irst cont rol
channel el enment |poeaseng iha dawhiinksdongyihdhahneiegeras doenlatkedbirarhds having a

reserved respurces;. and processin symbol first mappin r.
i xed: synbo BUbFPIRE AL RRER PTG o HeTa bt il Ao gl cut reserved
resources for an uplink channel; and
processing a symbol first mapping or a mixed-symbol/subframe first mapping to

efficiently allocate the resources.

23, The method of claim 22, the control channel element (CCE) is located across
downlink (DL) subframes where a first CCE is located in a first orthogonal frequency
division multiplex (OFDM) symbol map to a band-edge of the reserved resources for

uplink (UL) dynamic acknowledgement/negative-acknowledgement (ACK/NACK).

24, The method of claim 23, further comprising scheduling unused resources for

Physical uplink shared channel (PUSCH) transmissions.

25. A communications apparatus, comprising:

a memory that retains instructions for receiving control channels from multiple
subframes, processing the control channels across subframes having a first control
channel element located in a first symbol map and associated with reserved resources
for an uplink channel, and processing a symbol first mapping or a mixed-
symbol/subframe first mapping to allocate the resources; and

a processor that executes the instructions.

26. A communications apparatus, comprising:

means for processing multiple control channels from one or more subframes;

means for receiving the control channels from downlink subframes having a first
control channel element located in a first symbol map and associated with reserved
resources for an uplink channel; and

means for processing a symbol first mapping or a mixed-symbol/subframe first

mapping to process the resources.
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27. A computer-readable medium, comprising:
processing multiple control channels from one or more subframes;
receiving the control channels across downlink subframes having a first control
channel element located in a first symbol map associated with reserved resources; and
processing a symbol first mapping or a mixed-symbol/subframe first mapping to

allocate the resources.

28. A processor that executes the following instructions:
monitoring multiple control channels from a plurality of subframes;
receiving the control channels across downlink subframes having a first control
channel element located in a first symbol map associated with reserved resources; and
processing a symbol first mapping or a mixed-symbol/subframe first mapping to

distribute the resources.



