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BACKGROUND
L Field
[0002] The following description relates generally to wireless communications,
and more particularly to a hybrid FDM (frequency division multiplexing)-CDM (code
division multiplexing) structure for single carrier based control channels that provides

increased frequency diversity for a given user.

. Background

[06003] Wireless communication systems are widely deployed to provide various
types of communication content such as, for example, voice, data, and so on. Typical
wireless communication systems may be multiple-access systems capable of supporting
communication with multiple users by sharing available system resources (e.g.,
bandwidth, transmit power, ...). Examples of such multiple-access systems may
include code division multiple access (CDMA) systems, time division multiple access
(TDMA) systems, frequency division multiple access (FDMA) systems, orthogonal
frequency division multiple access (OFDMA) systems, and the like,

[0004] Generally, wireless multiple-access communication systems may
simultaneously support communication for multiple mobile devices. Each mobile
device may communicate with one or more base stations vig transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to mobile devices, and the reverse link (or uplink) refers to the

communication link from mobile devices to base stations. Further, communications
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SUMMARY
[0007] The following presents a simplified summary of one or more aspects in
order to provide a basic understanding of such aspects. This summary is not an
extensive overview of all contemplated aspects, and is intended to neither identify key
or critical elements of all aspects nor delineate the scope of any or all aspects. Its sole

purpose is to present some concepts of one or more aspects in a simplified form as a

prelude to the more detailed description that is presented later.

[0008] According to an aspect of the system, an apparatus operable in wireless
communication system to maximize frequency diversity from a user’s perspective is
disclosed herein. The apparatus includes means for performing frequency division
multiplexing (FDM) on signals from users in different groups and means for performing

code division multiplexing (CDM) in frequency domain on signals from users in the
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[0011] According to another aspect of the specification, a method that facilitates
retricval of a single carrier control signal is disclosed. The method includes receiving
an incoming signal that supports a hybrid FDM-CDM (frequency division multiplexing-
code division multiplexing) structure. The received signal is demodulated by
employing most any demodulation technique. The method further includes despreading
the received signal in time domain and despreading the received signal in frequency

domain to obtain a signal transmitted by a specific user in a given cell.

[0012] Another aspect of the specification teaches a wireless communications
apparatus that facilitates recovery of a control signal transmitted by a user. The wireless
communications apparatus comprises means for receiving an incoming signal that
supports a hybrid FDM-CDM (frequency division multiplexing-code division
multiplexing)structure. Furthermore, the wireless communications apparatus comprises
means for demodulating the reccived signal and means for despreading the received
signal in time domain and frequency domain to determine a signal transmitted bya

particular user from a particular cell.
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communications apparatus 1s disclosed that comprises a memory that retains
instructions related to receiving a single carrier control channel that employs a hybrid
FDM-CDM structure and a processor coupled to the memory, configured to execute the

instructions retained in the memory.

[0017] To the accomplishment of the foregoing and related ends, the one or
more aspects comprise the features hereinafter fully described and particularly pointed
out in the claims. The following description and the annexed drawings set forth in
detail certain illustrative aspects of the one or more aspects. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
aspects may be employed and the described aspects are intended to include all such

aspects and their equivalents.
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of an exanpll802jst em FHat3 seamssireteonol gh grrhplovitstem that transmits a signal with
a hybrid FDM-CDM (frequency division multiplexing- code division multiplexing)
structure, according to an aspect of the system.
[0021] FIG. 4 is an illustration of an example system that receives a signal with
a hybrid FDM-CDM structure in accordance with an aspect of the system.
[0022] FIG. 5 is an illustration of an example methodology that facilitates
transmission of a signal employing a hybrid FDM-CDM structure, according to an
aspect of the specification.
[0023] FIG. 6 1s an illustration of an example methodology that facilitates
recovery of a signal transmitted by a user employing a hybrid FDM-CDM structure in a
wireless communication system.
[0024] FIGS. 7A-B illustrate example graphs that depict the frequency at which
a user can transmit single carrier control channels by employing conventional systems.
[0025] FIG. 8 is an illustration of an example hybrid FDM-CDM that facilitates
an increase in frequency diversity from a given user’s perspective, according to an
aspect of the system
[0026] FIG. 9 is an illustration of an example time domain CDM structure that
can maintain orthogonality between pilots during inter cell transmissions in accordance
with an aspect of the subject specification.
[0027] FIG. 10 is an illustration of an example mobile device that employs a
hybrid FDM-CDM structure to transmit a signal, in accordance with an aspect of the
subject disclosure.
[0028] FIG. [1 is an illustration of an example system that facilitates recovery
of a signal that employs a hybrid FDM-CDM structure, according to an aspect of the

systemn.
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DETAILED DESCRIPTION
[0032] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing one or more embodiments.
[0033] As used in this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software in execution.
For example, a component may be, but is not limited to being, a process running on a
Processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component may be localized on
one computer and/or distributed between two or more computers. In addition, these
components can execute from various computer readable media having various data
structures stored thereon. The components may communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local systemn,
distributed system, and/or across a network such as the Internet with other systems by

way of the signal). Additionally, the terms “reference signal,” “pilot” and the like are



can maintain orthogonality between pilots during inter cell
transm ssions in accordance with an aspect of the subject

speci fi cat mﬂm{/&g}a] FIG 10 is an illustration of an eﬁﬁ}}?%%%%g%élfe

devi ce that enploys a hybrid FDM CDM structure to trans

i n accordance with an aspect of the subject disclosure. [0028]FIG 11
Is an illustration of an exanple systemthat facilitates recovery of
a signal that enploys a hybrid FDM CDM structure, according to an
aspect of the system 6 [0029]FIG 12 is an illustration of an
exanpl e wi r edses srigrehappradblyeinviis apmsationtand aredatendrd tﬁantrdygdldgnﬁl transmitted
conj unction ar.| ods. descr.i be er.ein.

[ OOJSO] FIG 1‘#6% QC%I%SF%Q?{}{SO@# %@ﬁﬁoggﬁpéﬁg%i%%é‘gs%? Yealib, Gpntihuity,
facilitates gynadnemesshoricodncs pgpates idathe $ikpports a hybri d FDMV CDM

f;rcgicf/ggeé [5[1%8%3} F{ Sa[F%ﬁthclarrsno?er,] vén'liclulélse;[n g i}n%rrk]ts 2Ie cﬁagcrﬁ))ég ggrlel% ig%ggn%gt]ic}nhat
with a mobile device. A mobile device can also be called a system, subscriber unit,
subscriber station, mobile station, mobile, remote station, remote terminal, access
terminal, user terminal, terminal, wireless communication device, user agent, user
device, or user equipment (UE). A mobile device may be a cellular telephone, a
cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop
(WLL) station, a personal digital assistant (PDA), a handheld device having wireless
connection capability, computing device, or other processing device connected to a
wireless modem. Moreover, various embodiments are described herein in connection
with a base station. A base station may be utilized for communicating with mobile
device(s) and may also be referred to as an access point, Node B, or some other
terminology.
[0035] Moreover, various aspects or features described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. 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, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), eic.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, etc.).
Additionally, various storage media described herein can represent one or more devices
and/or other machine-readable media for storing information. The term “machine-
readable medium” can include, without being limited to, wireless channels and various
other media capable of storing, containing, and/or carrying instruction(s) and/or data,
[0036] Referring now to Fig. 1, a wireless communication system 100 is
illustrated in accordance with various embodiments presented herein. Systern 100
comprises a base station 102 that may include multiple antenna groups. For example,
one antenna group may include antennas 104 and 106, another group may comprise

antennas 108 and 110, and an additional group may include antennas 112 and 114. Two
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from one conpodieit cinmtuging deviedy, weﬂﬂrte aadmtshgobedonpnmamg sysmm, H’I@Aaland/or

system distyr]| nd/ or across a t he
heer net vt G kEr SR ENke B Bl BELERE & BRUY St Bl tone
terns "ref ermlcﬁdgﬂlabi,le dévidel 106 '1s iardmiru@ichfideewidi gntenhasl $EYand 114, where

i nterchangeably i hi i cation and are_jntended to refer t
si gnal transﬁ’f’fq\{‘{]"ésgl lg' $ g£g8ﬁfﬂﬁﬂ? BTHHA0 Bphtle Vf‘&?r”&?b’%rr‘\/‘?o%‘i’r&‘%m{

control, equaki:a@tdceite irGOIMiBH Fibdh mEMRERTRO | ZREJePR reveBE BRENEE
purposes and the like. [0034] Furthernore, various enbodi ments are

descri bed heYlgieAvarmellerisrice o7 Witk ForAMKeIPAtion withanteanasal Odand |1 66, crhiec e
can al so be a?iﬁelnh@sd] O@ aﬁ&' %@ﬂmﬁﬁ'tt]ﬁﬁﬁhg% tH HfoBrle §é¢l?c%clr25 %%r a%i%alr&’ Rk

nmobi |l e station, e, rennpte station,
term nal, us@#d an@rawnainfomm fratn, mwueelbessllﬁommmr@ame hnk (Hmllna

user agent, HRFLSNLS oGl PEISLBTERIA bR sy IRRLE Rt 8, 1
Prot ocol ( Slﬂ%)quqeﬂw ﬂ)end thamihaehses by kaeak hhlomnh éﬂ&fo}waﬂaﬁllkq R4 may peHRYRA
aving wirel ess connecfion

di gi tal assi st.ant (PDA ndhel d devi.ce

capability, ds% tﬁi(eﬂbereﬁ?é\lif“&&%mb?moﬁ ?yeﬂﬁ’ﬁé%"é’é‘i@ﬁ‘&kd%@wfE‘éexéﬁlﬁF?efﬂjghFrt 0
a Wwirel ess mpdefe dWasieRY@ilex VTEOD)QYScRNMROCHEAL 3194/ ﬂé@é&r lidfke@oherei n

in connection with a base station. A base station may be ut|I|zea’ for

conmuni cat i AG1E ¥ FPRBST reaugacH %éélyd Eitraniddipk 4 P4 andorsveres kink K36 may willizan
access poi Nty coheds RqulcydIR® ot her term nol ogy. [0035] Moreover,

vari ous aspects or features descri bed herein may be
[0038] The set of antennas and/or the area in which they are designated to

communicate may be referred to as a sector of base station 102. For example, multiple
antennas may be designed to communicate to mobile devices in a sector of the areas
covered by base station 102, In communication over forward links 118 and 124, the
transmitting antennas of base station 102 may utilize beamforming to improve signal-to-
noise ratio of forward links 118 and 124 for mobile devices 116 and 122, Also, while

base station 102 utilizes beamforming to transmit to mobile devices 116 and 122



i npl enented as a nethod, apparatus, or article of manufacture using
standard programm ng and/ or engi neering techniques. The term"article

of manuf ac " sed herein is intended to enconpass r
pr ogram ac%:‘é“é@?%@zs#r om any conput er-readabl e devi ce, C‘é‘?ﬁ/ﬁ%ﬁr@%’%ﬁm

medi a. For exanpl e, conputer-readable nedia can include but are not
limted to nagnetic storage devices (e.®, hard disk, floppy disk,
magnetic strips, etc.), optical disks (e.g., conmpact disk (CD),
digital versatile disk (DVD), etc.), smart cards, and flash nenory
devi ces (e. cpeattqrrRangonelstilouglt dncssociedad adréregs, mebde Yeviond it ndighhalinygells
vari ous stor ' I [ el sen! .

dovi cos and/ o SO BT HhARGERFI AR L ERR IR ROR Rl Braye
The t er m " nagiplaeenmadabl gs mebiladdicean i ncl ude, without being limted

to, wireless nnel s ,and .vari ous_.ot her .nmedi a capabl e of stqring,
cont ai ni ng, [gﬁ%ﬁor caﬁﬁ?ﬁ%g Ii‘%ﬁ%&*&ﬁ‘@gesﬁﬁ%?% maaépa_system%é n
[ 0036] Ref er rdcogrdn@ewin vatigus albﬁeo@s Pedele@ S BARNTIMB-GEL. | HRtetYHI0aAN 100 i s

illustrated in accordance with various enbodi ments_presented herein.
System 100 COMPFFSEYE & HAS é°°§§sd%°i”6~°nz%?attrPF&EVGnﬁVlsmﬁﬂeG%f‘éa G4 Virgless
ant enna gr ouRgmida:i6x §ERL 0 ARECoREHRRR 0N WP TR 1ehiGhN 864 AR RDAGS
104 and 106, anot her group may conprise antennas 108 and 110, and an
addi ti onal ditasiep ZRAgan epernude maHipdnivasmitEp ckane abd deceiPaochadis ang.eoneefer
are illustr : h s X r,.nore or fewer.

At ennas. ry po €S fe Rl SRR U MLy RSl b By of
addi t i onal | ycompohendeassodiatechsith sipeal traiaissianohd acaept@i (eat, pedvassors, each
of which can_in,turn rise a plurality of conponents associ at

o th st onar b SeRBAREHS SRl it b B B BS Rl a0
mul ti pl exer scan defockdagipty; Scllulhe Fhbrick RRXGhSnesalapeps) AsndheldCommAscaitbn |
be appreci atq%ld. Eg/ on?1 skil |l ed i(& the art. [0037] Base station 102 nmay
comuni cat e 'Y’ > greihgld cREPating '_V}°§§=d%t9'il‘@er§d1§ﬁ ba%sp%'@mné SYe¢Nse 116
and mobi | e deyAgendi@iny baweVaablel devics fdr QoM BRI HGHAE @%l@&%&st@[ﬁ%@?.
station 102 may comunicate with substantially any nunber of nobile
devi ces si milPafdition. sy tPenige\208 ean qopgprisn anai@anorybbigngticieohtipesndld 6 and
122 can be, [fQf.£xamm! celddlgr, t _
handhel d corlrrrun‘i’e.ca%h&ggv?{ébeeg,f@{%ﬁgﬁgﬁn%%@mqlﬁgﬁ@gi%g@ bgbg?gﬁel'l Fidhe
radi os, gl oldensipidist anidondeer skt eamsconPbAss plardifost camyondninerssaititddadite

devi ce for i i over wireless comuni cation system 100. As
depi ct ed, m%ﬁ% i epﬁjl gl\?}iiséleggﬂ TR GG PRI RTS e (ﬁja"\}/ﬁtclrf‘r n?%ﬁftl%lﬁ’ﬁé% 112 and
114, where akemedulasrs] ddnanpledsts ahfeansdsd.), an kAl PRdppestided T seillgem ce
116 over a ggé@rd link 118 and receive information from npbil e

device 116 #ta reverse link 120. Moreover, nobile device 122 is in

communi cat i qpo4sjt h anhgnnAgad0h @pch, 08, acM%&nﬁﬂ-B%Egac%nﬁa%n%ﬁgn 106
transmt information to nobile device 122 over a torward lin 24 and
recei ve i nf SPHERSSHA! # PUHEHBHCPBaphic bise 20 2Thsvterm el 2vamrrstr td avkacd6.

I n a frequengyi dhMbSt dup EDD) f L 118
utilize a di%f f ér er]? fsﬁgaﬁg%cﬁé%gﬁg%lﬁgﬁﬁ:cﬁg%xt'ugé\({ﬁérgvé %ﬁcps%apﬁgﬁzan
120, and f orerestipdiiirievaee areeyceariplpeytitiandi infoematiplckmelreney (dandrdhan

t hat enpl oy L LAk f exanple. Further, in a ti

di vi si on dugﬁggé{(a%%\é?ﬁ%g’sjtog%m%ﬁWr 3{&?}? waq%i§eg}§c§errvg§&¥§éesmwcg%@
may utilize tanwoivesubysequ@s). Dandmaristciopr warefet ionkB 1P 4n@hidtsicBV@ESRE
link 126 may utilize a conmmon fEecL{Jency band. [0038] The, set of

ant ennas ané?egﬁc?q‘i‘émﬁru@ﬁn PP EPF 4 3989tizadeeddls hiratiamsceyccuhmsismet e
may be ref enleebtdrd ofthe @els Rey0EalicobamBdSHialil MR .dQs pdidoexanml e,
mul ti pl e antennas may_be signed to conmunicate to nobile devices in

_de ( :
a sector of f?%é] ar eas! @8Vl et)ipye aisallsdiaarsa tropshonsysiomaMi Eatli on
over forvar ghihksodlddy 808kt mdohe ELRANSHiLd b@ﬂmgﬂg{?@ Rict o #2%e or

station 102 may utiliZe beanformng to inprove si lﬁllo-nm se'ra
morc access points 202 on the forward and reverse links at any given moment.



scattered randomy through an associ ated coverage, nobile devices in
nei ghboring cells my be subject to less interference as conpared to
a base stat,) < mtting through a single antenna t {

nobi | e devwggig?gf(kg}g%] Referring nowto Fig. 2, a wirel g‘;@/ﬁsz‘)&%msm
comuni cati on system 200 in accordance with various aspects presented
herein is illustrated. System 200 can ca@pri se one or nore access
points 202 that receive, transmt, repeat, etc., wreless

conmuni cation signals to each other and/or to one or nore termnals
204. Each bd8@44t at i ofoppecnsiahzed gipitrdercnsysicpl entreligi A eeuicsgresshs
and recei ver o‘?ﬁ@b@Sand%'rgvidescéggrdfn?iﬁof r’bcﬁ‘n.rr ¥ g&ée?saﬁ]ﬁintg 8GL! P a%@tﬁﬂl‘?&l’
each of V\/mCHﬁ can In turn conprise a plurality of ‘conponents

associ at ed wirehitestiggnadcessamgn @shgnccamduni@tepith ore gnethgr 2s prdwlessor s,
nodul at or s, | tiplexer denodul at ors., denul tiplexers, .antenna
o) Tor m AL S pHEERosET R RUE B Y per U Ei S R ERR Be
phones, | aptefesed hetsdaekiducogmiing.cat i on devi ces, handhel d conputi ng
devi ces, sat jte radios, global positioning. syst , PDAs, and/ or
any ot her SUb < desf;:haéGCP%ﬂu%%F%ﬁFiéﬁrflﬁ&ag&éwsweggﬁéﬁ@é@%@%@f@ﬁﬁ 200.
I'n addi tion,sceaahedi@nimdied] 2Wysamn EaNREics@riofEccll. PR fary, ASHIEKRE
chains and a receiver chains, such as used for a multiple |nput

mul ti pl e out{SsErinRe Mdpr & psteanivitesdtprizeaemly Theferanaccesaeiniels veethi n
can conpri S&eRedtally &lrial @l EOMRANERLS 2 3330GE aL8 s‘f(\‘ﬁgcgﬁ Shifahat serves a
transm ssion and reception (e.g., processors, nodulators,

mul ti pl exer scellddhe gt tornsinaly emdit'use 5 laseesed intagitae perdly, amt e JermaEseafol’]
be appreciated.. . Ski || inthe.art ..[0Q40] As illustrated in
Fro b Cenctihpees it sBE b BubBR R o BN strer B PisBog e
particul ar geogs aphi/ ccrsresati2@bich  kemiral tonira@litdtesc anndigfver adcessan
access point aq/d/ r its coverage area dﬁaglgndi ng on context. To,

i mprove systhom é‘é%%{d? fy20caH F] Sboryfny gl gl 1 pabin campgication.
partitioned [opdq nult R@fdﬂri@ﬁ%mi%r& BleRABudALed is arf dKaBPISHREMSID0 AlagaS
208A, 208B and 208C£. Each snaller area is served b% a respective
base t r anscei®VRs b BEYLt VB struptiee fop mignal det byt be fansreitted: Qapcrlly,
BTS and/ or id§e6006La06 RhEd iRPaRdoREnARAR &@@&% 1ot $H (vn%‘ SEGh@rriEz ed
cell, the baSe transcei ver subsystem for all sectors of thescell is
typical ly cdlpeheracEilativnnsystean. deesystopwican gérerally Hecus edward, but are not

[ 0041] Ter m S, e ] yi.di.sper sgd. oughout syst.em 200Q.
Each 1 er m nal 304 mg R Gl o R L P NP e B g o new
conmmuni cat e spedifumorppodnnities;, endilttesintepoitioh svitR @2heo opdnheantimtwes: d Tapidally,

reverse lin t an ive 1 0 For centralijzed
architectur Q%E:Sygygfg%(g% %%ﬁLPWAégﬁg%%ﬂ%ﬁé@ﬁﬁ%’ Y558 lﬁy@p%@ccgﬁ)j
provi des codvhe dbwaihkaisves enfbBile RiicALHQSBiRAE OhGic2 Adve HOFhedplink

di stributed argl}é%é ecture, access points 202 may communi cate with one

anot her as nBRALGIVES I Eativsheneradisysensar cmpion MM Msylpteeinput
control I er 238 nRltifil8uthiitf &viBARRE ndRd &ltlfds p@ s@Bopackhaul signaling.

[0045] Typically, OFDM modulation achieves multiple access by assigning
subsets of subcarriers to individual users. Thus, each user can be allocated a specific set
of overtones to transmit a signal to a base station. Furthermore, during the uplink
(reverse link), conventional systems employ a single carrier modulation technique that
does not permit a user to transmit on different non-contiguous tones. FDM (frequency
division multiplexing) can be employed by conventional systerms to transmit logical

channels.

[0046] In an aspect, logical channels can be classified into control channels and

traffic channels. Typically, logical control channels can comprise a Broadcast Control



[ 0043] The techni ques described herein may be used for a system 200
with sectorized cells as well as a systemw th un-sectorized cells.
For clarity, the follow ng descrlptlon is for a systemwth
sectorized cells. The term "access point" is used generically for a
fixed station that serves a sector as mBII as a fixed station that
serves a cell. The terns ternlnal and user are used
|nterchangeably and the t "sector" and "access point" are also

used i nt er cAAHGEEHFGH) whscarlw% @&*@blsmbb?lw@efef Broadagasting gystegseontrol
poi nt/ sect.ef. whibh A V%Hig%ggséoﬁé)tfcﬂtr@/ﬁég!&lg 3’%1% i) Eﬁa‘nﬂ@lbtﬁ{u t?a%&%ﬁss

poi nt/sector is an ac atermnal 1's no
i N comruni p@ngmfm[rﬁﬂéﬁ]dﬁdtwrarl\ﬂmlgcmsmClémyol Cﬁ;anhbie(ﬂ\ﬁ?@ﬂp uhichas eq:bom&ta&n

exanpl e system 30 ene tesahbrldF tructur for a
ol t naions e ERsed [ SE S e e LR T ice
of nost anwgm@ﬁéaﬂhhgan%’cﬁh%'l‘lr(fb"&ﬁaﬁ%ﬁ@mne c@sgveml@ﬂTé_l[lﬁ deaggiyerm
Evol ution) system LTE Systenms can generally focus toward, but are

not |i mit edtarestablighingd R Ceff¥adim Resoyrce Conkrol) ngnsoti o1 this dpmwhqag only be

servi ces, nmakin se _of..ne ect rum oppor tunj.tj a r

Tt eorat | ofbopR BF FIES (RS AR T BRYe M SRy PO LS B
enpl oy OFDMivHe&hbR0 8 PRl caledeTHHRRE T haAnél @@@H?/l—ﬂ écp,a h@toﬁ&ﬁﬁﬂﬁ-ﬁu@&buﬁhe
downlink (tower to nobile device) and a Single rrier wave for th

upl i nk ( moBianeeldbatiteasmis ﬂ@imatgd coptrot wéorrstien anhis esyEexash byaIﬁE%h@w@g/an
M MO (Ml t t Lt
NN L RRe oy 208 M | By Rt S8 95T, AR>S

access by aBsingh{DDCHYba6ESi1sqlonsuUbalt bBdisedtionaltihivietiuRica®ans onelUHS,
each user can be allocated a specific set of overtones to transmt a

signal to EresEansiesef veer uvfew%nsrmde Nyultirasg TepBc hpmask (WA SFbtRa
link), CO”,E!(ﬁHH gaaaﬂu ammnamﬁﬂalf&vuﬁmmgg%aﬁwataer modul ati on

t echni que oes not permt a user to transmt on different

non- cont i tone fre di 0 an,.be
cpl oyed b PH3hvent : Bral vt GO CEPFE R OF BT CAHaRRb L0 DL

[0046] I n aD@sPEL) ah® UL IﬁhﬁmﬁhﬁewaDL%n@ﬂo@ﬁ@iafmhﬁQc&rﬂécﬁnﬁ%@'far ol
channel s and traffic channels. Typically, %41 control channel s

can conpr i Beoagdeast GQ@Q@éfB@EhtDQWﬂlmkﬂ@ﬁdrﬁf’éﬁ BOCH DIMHREH) andea Paging

(Down Li nk

bagi ng Cont PR e e e RCOHH Gt Lo 6 U PR he (AR TPl ey e
pagi ng i nf by ttieororkandiedVER H‘x/bdtdchﬁ@dsbvdﬂ@ﬂﬁfa@ell%ﬁlﬂﬁ@peﬁI’S@QIDSMQKI(RHY)
is a point-tomultipojint DL channel used for_transmitting multinedia

broadcast EKHeHREH ‘tfliuelag%n Bepipder ‘{WBI\?BP*YQ]&W@CEGPPWG%JI’@ Fragpsport
i nformatio 1%1385!% troelgﬁldowzgﬁ:%ss QL riﬁﬁ tx&r us&tocqﬁbh%g' ng a

RRC (Radi o Resource connection
enpl oyed b{RRMFESH, Lﬂdﬂpl&dpﬂkmn@i’ﬂ)ataﬁhannai (aIdIa+SIECB*I/BME61 c(ri‘dojlenoxelP(H{Y

MCCH+MSCH) Furt d| cat ed .Contr ol nnel
poi nt - t o- peimtlels. T PSR RISt hit o PGS (i) L ahagnel, such

control i nﬁ@%ﬁﬁidt%%ﬁ:ﬁ%@(:&ﬂﬁfoﬁ%l@t @Madﬁ%ﬁ(dﬁ@-@e §ﬂ1c'ﬁﬁ§n£a@i6ﬁ%tahi%?
In aspect, logical traffic channel's conprise a Dedicated Traffic

Channel ( DISCHY), awhvinghon §0ptmlr{fl;zmm%l;ﬁﬁﬁfiﬂ~1)ba Shiaree DL Genattol €Hanma (SDCCH),

Ul O LW AT SR T A AN TN Ve

for transmatkid@eddedidht Chalale®( ACKCH), a DL Physical Shared Data Channel (DL-
PSDCH), an UL Power Control Channel (UPCCH), a Paging Indicator Channel (PICH),
a Load Indicator Channel (LICH), a Physical Random Access Channel (PRACH), a
Channel Quality Indicator Channel (CQICH), an Acknowledgement Channel
(ACKCH), an Antenna Subset Indicator Channel (ASICH), a Shared Request Channel
(SREQCH), an UL Physical Shared Data Channel (UL-PSDCH), a Broadband Pilot
Channel (BPICH), etc.



[004711 n an aspect, transport channels can be typically classified
into DL (Down Link) and UL (Up Link) channels. DL transport channels
can conprise a Broadcast Channel (BCH), Downlink Shared Data Channel
(DL-SDCH) and a Pagi ng Channel (PCH), the PCH that can support of UE
power saving (DRX cycle is indicated bylZhe network to the UE),
broadcasted over entire cell and mapped to physical (PHY) resources
whi ch can be used for other control/traffic channels. The UL

transport HR4Phel s chrPicdiprichanng! sakdumsareeded trhpisssveRARHJAR 4such

Request Ch E@g—?w £ %F nd
one or rmrglgg{l%h? &%anne S. %%héﬂbﬁ](lfs ﬁﬁaﬁﬁﬂm%étggl cong%?écgggﬁgg 0 y)?)L
channel s apdptiiec bbnsekls camiee vaasiorhbutionatei, thmistmdtut@promd@d)hynn Pi | ot
Channel CPICI—P a, Synchr n| zat i on, Channel gS , a Conmopn Con

Channel ((ﬁ‘:tﬂli)“mé’aéﬂé ©S BRIRGBI ACHEHRI2NEREER) NOTLCHBHP S, ‘mels
Control Channel (MCCH), a Shared UL Assignnent Channel (SUACH), an
Acknowl edgBWdhk ChanReferrinsdrckyto Fig. @Lthpﬁysémépo swamhad@@tfa/b@ﬁé?m&

DLPS Co | ndi
Channel | PraR et EpoRnt S agr (B 0 af ofioidy to'sehlt BBy
Access Chaﬂlﬁreﬂsnﬁ RRAGHEr over Ghavemedan@ualth yechlihditbabRr cﬁ\mfﬁ%ﬁht 4 §hChyer

an Acknow ed errent Channel (ACKCH), an Antenna Subset | ndicator

Channel ( ASfler tn@p-swar@aum@%s?hedw@ﬁlﬁéiDMéﬁqu)nera@ﬁgtgempﬁly@ité% can

ote 12 1 POTRE RSP R R mo R RNRR b i @ve TORRT o ppEpiined
preserves [eqwcBARI(sinal) anl aﬁocmtatafhy stpnelemploypidg athyerié FOMEIDMSechnique.

conti guous,_or unif ac in frequency) properties of a single
carrier wave$ Byor ﬁé@é@ qg@ Farchet epRiBYied HRMasAvEREdal

systens do I over non-cont i guous
?ﬁé{ﬂ%cl_y{%ﬁrmlﬁ c@deL{ﬁ@lsmf[hgm}:lflﬁi@%%}

channel s. ef erring back the system 300 can i ncl ude

a hybrid F ge Ly 302 t hat cnbee
achi eve W&W r eqﬂ@%&}bl | Ver si W ? lmgu‘%%aenrp% r Creasg@h %ler]‘nl&‘ﬂ\n dth

such that ghersit$ & u@dinta @nganidll, m&ltgﬁﬁéacﬁw@él cdhilfaﬁirﬁllﬂbvel the entire
non- cont i guous tones The _hybrid FDM CDM gener at i n{g conponent 302 can

incl ude a ®YAAPlE brmlwidtiv ResduibaiddiDMaaDMhaeddaier pRE ean@mplog icywis shifts of
D Lo bl R GRS e 90 kAT B Rk ST i
can be a Cﬂ):ﬂ:b&;sﬂﬁ:tﬂ@ﬂnﬁfftmﬁD%ﬁhdﬁEﬁ)& @Eﬂk{tléﬂdyémppmgyedﬂmmlemczﬁdﬂheemployed to
pr ovi de- | nERUAEEEeT T GlFaBhEY G USPETIL 6o Gap @ HC S ROty
that, each user can transmt over the entire avail able bandw dth. The
hybri d FDMO@SK modul Eb@mogwmtedaslgr@hwndbembﬁzseint:tOsﬁthﬁesenw signdt(R&hy

AR S R S T A

t echni quesmaalplder 80PLayatplby tiakhd®ven DR ke¢h %Eﬁ%@ﬁﬂﬁ)ﬂi@éi&lﬁr&lli Yanded
utilize the avail able bandw dth nore efficiently. [0051] The nodul at ed

si gnal canideniliedyd agespivaro ThuRases dhewglhogmgicellRen utilize the same bandwidth
and the same ZC sequence for FD-CDM. A spreading operation can be performed by

the RS multiplexer 304 by employing most any spreading code in time domain. As an
example, a sequence can be multiplied by a unique Hadamard code in time domain. It
can be appreciated that the RS multiplexer 306 can employ most any orthogonal code.
Thus, users across different cells can occupy the same bandwidth and can use the same
set of sequénces to transmit a signal if different orthogonal codes are employed across
the different cells. The RS multiplexer 306 ensures that pilots of users in different cells

that use the same sequence for modulation do not interfere. Typically, the multiplexed



mul ti pl exer 306 that can be enployed to further nultiplex the signal.
The RS nmultipl exer 306 can enploy time-domain CDM such that users in
different @&l loss/eagssbe identified at a receiver. Thus, MSEIShThs2ss1
nei ghboring cells can utilize the same bandw dth and the sanme ZC
sequence for FD-CDM A spreadi ng operation can be perforned by the RS
mul ti pl exer 304 by enpl oying nost any spBeading code in time domain.
As an exanple, a sequence can be nmultiplied by a uni qgue Hadamard code
in time domai.n. It can be appreciated that the RS nultiplexer 306 can
enpl oy nost SR e YsdEERite gﬁ%l:ecq*ﬁwfah%%rsgaﬂa&ﬁ%%hwﬂff@raé@tee@a-|Ehe
can occupy thglipRIE! NSHEWdihrénthed aNhk 8 et Beo JBIENBE theQfiofRAYENE ES
to transmt a signal 1f different orthogonal codes are enpl oye

across the di rent |1t )

pilots of L bsAT o, fekccng A0E fHe oo BERII0R FNGH %ﬁgﬁ%@ 5
nmodul at i on denmeyeditntetridverecceTMegisigakll yocotdive: toah hippbten{dt inViBtion. System

20081057836PCT/ 0071 88 3,Si be t 1tt t )
recei ver or @B Qfs?%gl? %1? [l%(g)(ﬁb %ﬁi){ldm@?%egﬁl%%%@ﬁﬂ%ﬂ 4%@3&&% Tecerve

mul ti pl exed ®iigaabing signd @/quneoe avechradnnih@of B6&h) EThellgbde FEMACD t he
original signal.. &0052 Ref ring nowflo Fig. 4, there illustrated is
a syst em 400 tNELE CURPPELETpICEY BYPAOT RIS BV MNEGREPTEYSE g A4 &

accor di ng t oMaviOagRes| adhe tbBEverYe Lo o R¥SLMBrANQ eealky
i ncludes a hybrid FDM CDM recei vi ng conponent 402 that can receive an

i ncom ng siggadézivia o 3 ri
FDM CDM I’ng-I@Vi r%g corrpqgﬁge%f gﬁ%gggﬂ%ﬁ&gﬁﬁé@?%}? %ﬁ#oodgﬁ)ogﬁglﬂb‘?z;b‘ﬂ% Slegarate

comuni cat i oivé 2Eyes @mses figm echvbD 16 gast lempprtiated éhat swed ang demndylatamc h
as a base stat Ll L.GE. o The received,si i
denodul at ed | Q]n?ﬁggﬁle%oﬁgﬁ g¥e§rtg%hﬁﬁodﬂ{sf%%ﬁ%?uggoﬁg g%%aﬁn sle’c%%%ﬂJs(g?sg
from each céelduried Tracdomi)eaappemploptdeidr frvakneyndemod nyiticiehphd ldatb@nator
techni que c b )| oyed. t.o identify different groups. an .
exampl e, a FFT ?Eglgm&%tl&ia Feqﬁ%ﬁi’ﬂ’#‘ﬂ@ SCaghe E%g IE%%P%%H aA%‘F’ repEytigncy
denodul at i OI’thé)&erﬁd’di@la@tﬁmﬂlUétﬁér@[ﬁloﬁ%-inﬁb@b%hﬁfiﬁ@§&lueﬂcta tRISE @ AMENENI at the
hoppi ng schene_ has been utilized at the transmtter, the denodul ator

404 can enpl8§ EPRecidnvidrsdhndsndtyias dateanceraraie gut denals fim 8 sefodliseat in
t he recei vi ngrr@st.cellus, the denodul ator 404 can separate out signals
froma set of users in different cells. [0054] The denodul at ed si gnal

b dt - | f h I h
coll by per forah o0 ! BneBARA S ina LBl e RE R ol piput g B
i dentified Wipm ¢rshdesrowedchtcoll by fedforminigzhdespmading gmratior dneuth RyoftRers
d d ; 406 f d di
operat on o HITEBEIREPANRE: 40 rARA oBF bt onf B BB adentos. e

recover a sidgsyatadtr&06smh peidsnby d@pepeing bpctatlsaon thd PR sigatig e
The despreader .406 can engl oy one or nore despreading filters to
identify a <PgFSIUSPFpdqmaL &e%i:‘?‘ie&aéﬂg%f’ri tRpEHite @@%ﬁ%«?@ﬁerugémqfw a
cel | . Typi cabilyThd f8pid@spue@dinnghiidy dRIos nboAdSPRhAY, A1 L 09
code that is the i%%lrse of tr?e sl{ljr}]eadi ng codeﬁgﬁl%yéﬂggﬁﬁgﬁggggw
during t r andidssiRsATicupagpEihg Srapiof pepst matced. AyprealhyotheldespyeaBoR filrs

transmt a shgaaplof %E@Yéaﬂ&g%ode that is the inverse of the spreading code employed by

the user during transmission.

[0055) Fig. 5 illustrates a methodology 500 to transmit a signal employing a
hybrid FDM-CDM structure, in accordance with an aspect of the specification. While,
for purposes of simplicity of explanation, the one or more methodologics shown herein,
e.g., in the form of a flow chart, are shown and described as a series of acts, it is to be
understood and appreciated that the subject specification is not limited by the order of

acts, as some acts may, in accordance with the specification, occur in a different order



hybrid FDM CDM structure, in accordance with an aspect of the
specification. Wiite, for purposes of sinplicity of explanation, the
one or nore nethodol ogi es shown herein, e.g., in the formof a flow
chart, are shown and described as a series of acts, it is to be
under st ood and appreciated that the subidect specification is not
limted by the order of acts as sone acts may, in accordance with

the specification, occur different order 14 and/or concurrently
Wi th of her SEERSORFRTY Nt UL prAciIon dve Fheeyanbdesrnbeddsreiay apsxample,

those skilfigg: él@llécﬁ% (R &rt Will hn&eﬂggﬁ@é n% ?eaﬁdt@@le{a?ﬁfe%aofog% fd
met hodol ogy coul d alternatively be repr gent ed as a serie o?
i nt err el at atbrsttavebsbeoepryanedsas siecks aSinfenrelatst ddtes di @gn‘amuch/tas aoa/ gate

not all illustrated acts er ired t nmet hodol ogy
"o accor dafiE it AOKRES pUCH st s Ba FeRuFy Rt tR o i g s,
the si gnal mk@obSloby ansdtbidagék ®aR tRepe@6eintad at 502. The recei ved

signal can then be nodul ated enpl oy| ng a hybrid FDM CDM structure at

504. Modul can t
avai 1 abi o. PRS00 axalpt SThERER TR 5 BeRaHRt thfngilcl SadBP R Abe
modul at e t h@. rBeekvddedsiigndkastheh bt haidubachenideying a habgd ven-CadN can
occupy non-contiguous set of tones. However, it can be apgrecLated

that nost SHFIEEELEHE é\ffe%tﬂa%@ mllsyfeeéclp BT R PESUBY B3 AT

frequency gdomaim. ASUhtdleh 1RSSR el
achi eve incr eased%sr equency |h§1/er st|1€ ?83@?‘? The 10&@%& g %geﬂiréﬂ
further nubigngllsectetiai gach Iueeltm agmbnrm]i neuat)ccﬁﬁfi nowkceigads sxg of cobes.i | s

errployedt erform code divisign multiplexin |nthet omai n.
o exanl o FOBE Ik it o Cuttrnes (Bt MOSD HeR onPbraPe PG B8 To i he

FDM CDM si Hl'ﬂﬁl leﬂf@\ﬁ\’iﬁé ﬁeﬁ’ﬁé?l%y adhafl tl"%t?tﬁ@r”@dre %ﬁ@!}i@ﬂﬂ%ﬂﬂiﬁ@ &YudrBHIt h
can be errployedfor mul tiplexing. COMin tine domain maintains

or t hogonal happedfo adhicysiinestassfl fmgmwdwemmyf erent (neighboring) cells
and can be enployed to create nmultiple reference signals across
cell's. The[i#6Thal i sThe BDMACTIMGidnaBis ffufliéd&uRédlexad inghdidime HOombrindst 566.

that illustrate rrgt hodol ogy. 600 that recovers a . sjignal transmtted
by a user @rfl e@?ﬁlﬁ@ KRRl ey e iving £dsctiisien rmﬂﬂplﬁé@ﬁ]nhalesq%m is

received ag,RA32. A-Er&g e§hzﬂg%| a T‘I%@arggldrs@ Rhnvedr Ry Hrfﬁ:aﬂrbe TG 1?42#@'&%@

and then denodul at e to separate out si naI S trans tte
groups of bt erandi. fHerawrt, oedt hgy DMMgousleseqﬁmosaﬁmyb]anngcdn he The

denodul ation ca r.f or.ned nost any frequenc dyl ation .
t echni que, Ellgﬁedag ﬂgﬁtt‘plﬁ’é’flgl pmé%ltl%ad é’ﬁ‘ gf‘maﬂ‘f{f’é tiéR g“" pilot
denodul at i §MuseANn t&ﬁ‘f&@iﬁ'(ﬁéﬁ%ﬁiodrﬁlgb Q@Bta'nﬁléa§ bQ&ﬂbﬁ)yM Rm,l@at@ ghu@flc users
froma given cell e signal fromeach usér in the given cell
can be sepeiuteas S@gnalswzqsercﬂdﬁr mrhegigeilghabnsgadet 83%di ng in the time and
frequency domai n. A despreading

[0058] Referring now to Fig. 6 that illustrates a methodology 600 that recovers a

signal transmitted by a user employing a hybrid FDM-CDM structure. An incoming
signal is received at 602. The signal can be received by one or more antenna and then
demodulated at 604 to separate out signals transmitted by groups of users from different
cells that use the same bandwidth. The demodulation can be performed by most any
frequency demodulation technique, such as, but not limited to, an FFT. Thus,
frequency demodulation can be employed to identify signals from a set of users from a

given cell.

[0059] The signal from each user in the given cell can be separated out by
performing signal despreading in the time and frequency domain. A despreading

operation in the time domain can be performed on the demodulated signal at 606.



operation in the tinme domain can be performed on the denodul at ed
signal at 606. 15 Furthernore, a despreading operation in the

frequency eamngoeesy be performed on the denodul ated sigRplisab7R981
Most any, despreading filtering technique can be enployed to filter
out a signal froma particular user in a given cell. The filtering
t echni que can enpl oy a despreadi ng code lfhat is an inverse of the

spr eadi ng code enployed by the particular user during transm ssion.

Thus, a signal .froma partigcular user {]]1 lFartlcul ar_cel | g£an dbe
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pur poses. n fr .
occupy the saﬁ‘ré pd%'{?lﬁ %;Qﬁ‘ég %?rr%ﬁﬁlkle &t ! “PW*FR“%“SS@MA Ugpace
(SU-M MO)  ordidkibh eniple Qﬁ%ss SEMAre wﬁﬂ%m@@o uQdrs Qe{?lttt:hn%f&%gﬁs 6@ be

orthogonally transmtted umg/? FDM_ Furthernore, it can be observed
that all theorfiguogpipngs. An EPM RS &iskmence signalbejrches 742cas baeingloyedfor
tones. | nitighdYel f

Wi e stream L b ool To A P A R L P o B R
stream 1 occSapicéSV@ﬁeCdcmneanMbemqﬁunOh@ 1tnrdudimg,dbutmomm1edm ka0

occupies th be e two streans
cannot be |‘r31rtner eg%te tlon'??? ea‘z’:1 g eﬁl«gﬁglatﬁ CHCZ %gac‘?g “E‘H?gcwcrand

convent i onalchsyst emiitydestimatiopor Matsngisi@aBedulng papsdst on
non-conti guous tones. [0062] Referring nowto Fig. 7B, illustrates a

convent i onal[06@W nul t iaglset fgn Fig. UAL tostréfis 1 40 1§bah&tcﬁ sde 1,
2, 3,4 and dgqﬁ hat occupy a gi ven bandw dth (S% 180KHz Each stream

represents WAD Fhesistigams ean Gerfron gievane B -IEEY ar flijferensWES
fromthe gi vepmee) |Th€m f%FTP(;tQXtréa% cﬁﬂ Eé'ﬁxltllrbr gncﬁgr‘%rdtrxgrnﬁ{e@ﬂ&% 3/1[
control signal (e.g. & can occupy-d er ent
parts of th@ugtb@‘quahé@ omdtﬁ@eml aiel()és:tmdelds aro trtahmnttecamgeth@m

Thus, no ot hgf; L of@ 106 ¢ e m ut| |,i g ar

sser. As an uimBRLoRAE RTEHELLIT0 SRERKS YR g B SR vl

occupi ed 16tream | occupies the upper half, During the next transmission, stream 1 occupies the
lower half of the bandwidth while stream 0 occupies the upper half. However, it can be
noted that the two streams cannot be interleaved with each other in the spectrum. Thus,

conventional systems do not permit streams to transmit on non-contiguous tones.

[0062] Referring now to Fig, 7B, illustrates a conventional FDM multiplexing
structure 704 with six streams (0, 1, 2, 3, 4 and 5) that occupy a given bandwidth (e.g.
I80KHz). Each stream represents a signal from a user in a given cell, Generally, users
from the given cell can employ the structure 704 to transmit a control signal (e.g. ACK,
CQl, etc.). The users can occupy different parts of the spectrum that have been
allocated to them, as shown. Thus, no other user can occupy the spectrum utilized by a

particular user. As an example, user 3 cannot occupy the part of the spectrum occupied



by user 0. Furthernore, a frequency hopping schene can be enpl oyed to
i ncrease the frequency diversity for a given user. For exanple, user
0 occupi esyidaoseuest frequency in the first two synbol CﬂH@mFﬂ%ﬁmﬁo
a higher frequency in the third synbol. However, regard ess o

hoppi ng schene, conventional systens do not permt one set of tones
to be occupied by nore than one user, tHés limting frequency
diversity. Additionally as seen in the conventional structure 704, a
user can OCE@fX Q t WO tone% in the entire bandwi dth that is

avai | abl e. Se% n%lfl’émlﬁglér CRSHEYOERIBY ST comRIEIPILY ¢He incapagt the
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s Ut kbl o el b

enpl oy this genthedonalultneeadiaf@eseObt siprd | FE? dQARE D CRBs§R8Re E4aD
the figure, to av8| d interference with a pilot of another user froma

nei ghbor i ng Ty g 6ﬁ‘§q‘\‘iﬁ‘1f3ffld?rﬁ@“§lérﬁ%?é1%ﬁ:@dla Auringguldinteyingo Mhisiy prad
seen from t ey LEiet 44k [

all ocated one of the fgﬁ%dcgﬁg% %nélg%%déh%ggﬂlﬁr%%nggLJLCI’S’@LQ@ ‘?eél
Users in a gillen cell can enploy a particul ar Hadanard sequence such

that users in neighboring cells enploy different orthogonal
sequences. TAUE] at t Referdig rros*ceimgrQ enock; ilisitgredlisart ¢-aRBIY tirhedorin

users from giff.e can_ea be i f| ed even though the
users enpl o;‘/d [Pwe ruahree%ht aéﬁ?%lamggl&’egr hoee g&' i yrmgnter cell
despr eadi ng tapeniatiben Acam daempef { Bhgld Hidahhe sl%@ﬁ:ﬁ&é’i@'é mplbybd FBuIONRI N
to separat egggt users from nei ghboring cells that enpl oy ty he sane

spreadi ng ¢ FRVERR: if FRLRFRBTFC @isddliah moptong o] thesosnlsiehedcesbmpit eny a
llength 2 Hadaigar chn3RQHPRERI CAR: 18 o fIR| Q¥R sl 19ﬁsttta§'a'er Pl%%'t al1hi's
i

sequence can provide a synmetric_structure wt rrpl ify

the i npl emeFOES: oﬁh%eﬁwnﬁ@sdsﬂﬂ{fr 1061, btlksll-dlek 696 Jicplh3, akd, &iidH ] dﬁv\hdre nk.
FUrt her mor & orb B SASREIITNGE (AL SULSRINEDRES SRS Ak ARkS, %

RS, especially for sm ban i"on.
spreading code in time domam as seen from the figure, to avoid interference with a

pilot of another user from a neighboring cell, along with the sequence in frequency

domain (as seen from the structure 800 in Fig, §).

[0065] A given cell can be allocated one of the four Hadamard sequences
illustrated m Fig. 9. Users in a given cell can employ a particular Hadamard sequence

such that users in neighboring cells employ different orthogonal sequences. Thus, at the



[ 0067] The structures 800 (fromFig. 8 and 900 (fromFig. 9) achieve
t he maxi num frequency diversity over the entire bandw dth while

retaining @fd Hegenai ty between users in a given cell. FupEb8raRER:
they maintain orthogonality of the pilot based on a despreadi ng '

operation between cells. [0068]Fig. 10 is an illustration of an
exanpl e nobi |l e device 1000 that enpl oys1d hybrid FDM CDM structure to
transmt a signal, in accordance with an aspect of the system Mbbile

devi ce 1000 conPrl ses.a receiver égOZ t t(3cei ves a signal  from
for instancd VT ERGiSiERals HRRYRHCT Bbses amsh CERRHCRE CRIDFATEY P iseptificd,

actions ther&en to@glihe ukdrh tRpRY iR Tk hesdin QMR GORY. fteh.;sy ddthfn) At he
recei ved signal % digitizes ?he condi tioned signal to obtain

sanpl es. Ty pt%@tptcttng eiFratEpvRR B¢ priBrmpdatitheisiien ipHme femeiowip bepatate out
Recei ver 10 MR r| se
a denodul at glr?segg%bgp ft?%%t{b%gtgg&ggnn%agu@{ag recg{e\%gﬁh%ﬁg%oﬁgga@%ﬂ I OVI
themto a préosssor 1006 for channel estination. Processor 1006 can
be a process edi catg ed to ana tion recei ve

recei ver O@E]G(ﬂd/ or gesr?g?t%Fr eﬁ{gm% %‘}g&&%ﬁ,% C{]SF%eélﬁ‘? %aéll Joygd for

transmtt er t18d gmaAn p]DMEE§Et@ tedubfde 0@t Pidvitles sMmencic SIMERrCOMPORRLling Of
nobi | e devi ce 10 riagyalnd/o %r ocessor that both analyzes information

recei ved by PESERRIEY thegmplemsaitionval rsuse %@Wkﬁéﬁof%tpltlka%?ﬁ%‘ﬁi“&n by

transmtter gOdGmadn&edtd ShEbRECRE sé’ﬁgéﬁ%eg@armfert%ﬁta%teois R Bige6ially for
devi ce 1000. [0069]Nbblle devi ce 1000 can additionally conprise

menory 1008 A" banduisih @lface@ny coupl ed to processor 1006 and that
t d be t t d
may store gtt)g?]ﬂo e m@a%tatlgfgbgl (gtt%eg.t gﬂeﬁ a9@5 ogdﬂy?d {évé ate

to avail abl annel s, data a
interferenc en%‘tlmemjtdquencmfdmemwloaﬁr th@bratrebhrtd@ucah whﬁs ragieidg ohhqsgmahhty

power, 18 r a r _suit.ab i nfor ion for
estimating a@(i:"ﬁeaeﬁ%é andélgéélm%ln?ﬂg 6re\/F}7§yFﬁgﬁ%ﬂgﬁﬁ%ﬂ(’naM§g&§ P@B’os
can addi ti ortabddonst dusprepding qmdtﬁ)na)ﬁd/e@ii calsgorithns associated with
estimating routi i hanne perfor nce, based,
capacity baggg&ﬁetc )IrL d@%ﬁ]‘tlﬁuw 1?“?1%""%&‘?’8 n%{tbéla st 140Rdhed smgloys
store (e.g.,al@ABEDM-QIE) bd@c&@t{elt@ﬂ%shﬁhﬂhg}laﬁ@rﬂa&@rd@héelwﬂth Mplbﬁ&dt b€the
menory or nonvol atil e msrmr{ﬂﬁoor can incl ude both volatile and

nonvol ati | e SfERBr YobEy 9\7&96 cpIgiEess trpesiver K thastredeives ¢ aignaddiom, for
nonvol ati |l e i@ bl e
ROV (PROM) , 6] i“é%tt Bl o P HRET:
erasabl e PRENiC(ERPRS, dornepiest, aiehtbe yeceived sigidl enddigivizys thanondttcdnadje
random acce gptgq gﬁh@ xt erna

way of ill u§ ati on%an( Wﬁn%{'a? ?‘%?Fﬁ Pl ‘%ﬁgttléﬁ]oé‘ tﬂeg‘ﬁﬁ‘ﬁﬂ?k
forns such a’secaymdl@ﬂbnmulse R&Mkéxﬁﬁ&l\&u Mﬁwmm@veﬁkw&mpmwnchronous
DRAM (SDRAM nhanced SDRAM

( ESDRAM) , Syﬁélﬁﬁtﬂﬁtﬁl t@%ﬁﬁ? %W&Cfa?"’rdeﬁwb%ﬁﬁgefwt ko) . The

menory 1008 pmsccsd@etmubeatanﬁa@ttmtoandrdwgs&oﬂ)@alo§n bdY pddotRdicated to
conpri se, ﬁtdout being limted to, these and any other suitable

types of mart‘B Y208 iR Fepidcdex feeever d60P and/ariechentiganfosnptimi fgres a
hybrid FDM @@Mrﬁt‘sﬁ&ﬁﬁy a trangmitter 1016, a processor that controls one or more components of

mobile device 1000, and/or a processor that both analyzes information received by
receiver 1002, generates information for transmission by transmitter 1016, and controls
one or more compeonents of mobile device 1000.

[0069] Mobile device 1000 can additionally comprise memory 1008 that is
operatively coupled to processor 1006 and that may store data to be transmitted,
received data, information related to available channels, data associated with analyzed

signal and/or interference strength, information related to an assigned channel, power,



generating conponent 1014 and a transmtter 1016 that transmits a
signal (e.g., base CQ and differential CQ) to, for instance, a base
station, amahesonsdai |l e device, etc. Al though depicted gaSr/bSioighs2sst
separate fromthe processor 1006, it is to be appreciated that

sem -connected controller 1010 and/or hybrid FDW CDM si gnal
generating conponent 1014 may be part of18pr ocessor 1006 or a nunber
of processors (not shown). The hybrid FDM CDM si gnal generating

conmponent 1014 | oyed to. nultiplex the signal to b
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a 4" t'ha

1104. Denodul ated synbol s ‘are aral yzed by a processor can
be simlar t¥PRAM biSydediok DRAMEBOVBAM)L imdriddgatr Remlois RiAGV 10,

and which i D‘i@&&!i that..stores infarmation related
to estimati fl(g a Ssi gggﬁeorf%?%?%g?P%@%ggbgﬁcgﬁﬁfeﬁlbﬁﬁé}n ggmlgh’tbé?tfslé%gﬁ%e
strength, dabaptiee, véthbntarsrg ltied tb,aha aneasi otled shitadis hpdidfenctiRyy.ce(s)

1104 (or a di rate tati n hown) ), and/or any other
suitabl e i nﬁgﬁmti on R@q%glt:Zia“f%i)@(gl(sfl@hﬁﬁﬁb“f%ém%? %615%1 U (Y sigrg!
functions sefentatiddicdagioasm.10] D3 k@R 0 1@NLi10raRen ity ARSI td £ a0RY
be provi ded é@kfnpmul ator. 1122, Modul ator 1122 can nul tl§| ex the

i nf or mati on dritas SO tylopinlensss arbese sfatian, 2notheraehile danicersra
1108 to nobid ey i&eésd -sef Rt G i

the downlink t roaghs/mﬁféi 0%1. gd{é tsﬁ%-uglﬁ gyptl){%{nggggg@ @g?’ﬁg@é‘ggﬁ@ﬁ%ﬁrﬂ?
t he processdemigapectpd candrotler 19d0 apdpidipibait EQMICRIM signl-geoeraiéng @dhponent

o a number of - Brbcesi PR B Aant A MRsDS BB oBL RSN sk

wirel ess corfiRivi@aisignabysitermgd aGpondite O cal RS torttngRiplanhEyigliaem

1200 depi ct ne. bas tation 1210 ang one bi| e_deyice 1250 for
sake of " brev? P5 FoRBIEvER Mo Fondy s Bal ap B b g ThR Ay @S She 2bbo
may i ncl ude simnlkpehfannOaendase 191 finuRplABGhe 5ighR e mh RN ORGueRY)I | €
devi ce, wherein additional base stations and/or nobile devices may be
subst ant i al I4Ve&iBsPer thatrmytiple aseah canttraspmis 9B ApR-sosiggeusdonasi on 1210 and
nmobi | e devi ¢gp72250 degt i PRdLR ; it it 11 -

appr eci at edqt hat? ‘base station %%)gﬁ%{ngaggg%%?thégg\l/}@eth%fgcghtﬁtg?/

enpl oy the $§COVEHRE A Fngsthageplays hrid FPMAEN stragsthodsorti Figds an &p6dt

descri bed h j facilit i rele Tunj i on there.betyween.
[0075] At bacs Heytin! S8 i HCA LA AT 108 1 O e RSl L Pl
i s provi dedrfacor bl l@dha reoivessgd2EPfroo oae br moemhdbile Teiceatl 04 fir@GB%S Or

1214. Accor ﬁihﬁ'ﬂn}; 1% raégei‘%( a?‘nqgr!n%s ! ﬁ)%?gnddaatga%sggttre? ?[94%3/1; trggs&iqsa‘{g St}rlg gl‘fe%g

more mobile devices 1104 through a plurality of transmit antennas 1108. Receiver 1110



WO 20081057836PCT/ US2007/ 082881 20 processor 1214 formats, codes, and
interleaves the traffic data stream based on a particul ar codi ng
schene selected for that data streamto provide coded data. [0076] The
coded data for each data stream may be {BJ| tiplexed with pilot data
usi ng orthogonal frequency division nultiplexing (OFDM techni ques.
Additionally or alternativel y, the pil ot synbols can be frequency
division multi division

i visi on mvieBiss Beriagy trob BRg e EhehER 4 THe SR e iR
pattern thBfbridSFIPMICESS esbeivingdcdtsiBntEN D eliat ABKho ARYteh ndl8&Praatis Flebivke
device 1250 to estimte channel response. The nulti E)I exed pilot and

coded dat amff‘éﬁnaéla@hﬂ%fal%}ﬁn@tﬁ%m@%leﬁ@V%(f@W@é@ﬁ(1é goan Wﬁlﬁtﬂ signals
d) b
raebec) Dese ot DR A B 214 0L NG Lk o hABl e

M phase- shivithinkeayh pgpupMyRSIGloyiv: despesadingrftiteanipl tith¢idenmaindy halliaefrequency

(MQM, etc.). selected for fhat data streamto. provi de nodul atjon
symbol s. THETYAt 4 1P 4FPreading piers SIF?H{%CF@%?I}%WP%FHV&%W fwesrresdmgande

may be det grpi, 9@&13115:}{? haBhE HE’\%%@@SI 1Rar Rk r{?ﬂgl Rla HEPlded arpéfglféﬁ%‘ff%ssor

1230. [0077] hé nodul ati on sy for t ata“streans
provi ded tploaes‘m% Mle[ﬂmtroanéssmmlatmme puduiesdor degeribed atee wntlnre:gstsl to [Fég.

dul at ocessar 20, then .
o ovi des NE OB ATSGH Bioulib B @ Combhin! MNP G PR EL 8h (o ATgr s
through 1222fonall(B oV ibOUseRITR ati/FEM S ferche Mu’z\@tlp laf88 ek ailiglﬁgteé@cpbl‘ €s
beanf or m ng wei fgstothesnbosof the data streans and t

ant enna f r seeiwpd ohm lhebléwkbfme(s)sl 1ge(mg ctwparaéwbase@tano[lms]lm}) and/OI
transmtter ses .a r.es ectlves

bt ovi de. on& o ek (g R Ll opaREa G AR R ER leils RGHS pEhipEaes' ©
anplifies, S@‘ﬂf&,lﬂeﬁ@emand upconverts) the analog signals to provide a
nodul at ed sij ag suitable for transm ssion over the M MO channel .
Furt her, ul at ebhfeingaiiondo be ganspiad Fiay bepeovidaing arhedilehr 120t

e s o o, e iR A
recei ved bthrivgh aardnann&88 ©2haksild duvidedh 11@45 ny}ﬁaﬂiyl; @@DMA&:IEM &d esipipyal

from each anten 2 21Ss row d ectl ve receiyer (RCVR)
1254a throgﬁﬁhel lméla?@ﬁm B8 v?@&iowls dercie ?St‘?%sqpéw& fromjthg wjogessor

L) o BBt CapeE e S0l (19 AR 1

sanpl es t ompy beipdie chproesses pblddirrrginttec of predéssen ifbalshewnpam
[0074] Fig. 12 shows an example wireless communication system 1200. The
wireless communication system 1200 depicts one base station 1210 and one mobile
device 1250 for sake of brevity. However, it is to be appreciated that system 1200 may
include more than one base station and/or more than one mobile device, wherein
additional base stations and/or mobile devices may be substantially similar or different
from example base station 1210 and mobile device 1250 described below. In addition,
it is to be appreciated that base station 1210 and/or mobile device 1250 may employ the
systems (Figs. 3-4 and 10-11) and/or methods (Figs. 5-6) described herein to facilitate
wireless communication there between.
[0075] At base station 1210, traffic data for a number of data streams is
provided from a data source 1212 to a transmit (TX) data processor 1214. According to

an example, each data stream may be transmitted over a respective antenna. TX data



21 [0080] An RX data processor 1260 may receive and process the NR
recei ved synbol streans from NR receivers 1254 based on a particul ar

recei ver praseamnghissst echnique to provide NT "detected" syppedonijos2ssi
streans. RX data processor 1260 nmay denodul ate, deinterleave, and

decode each detected synbol streamto recover the traffic data for
the data stream The processing by RX da&la processor 1260 is
conplenentary to that performed by TX M MO processor 1220 and TX data

processor 1214 at b station 121 [ 0081] A pr.ocessor 70 y
peri odi cal | ypf&@%Séqrrﬁi% W@hw&ﬁ%e%@i%@aﬁ]ﬁ foataEe s Ffr%l Aeussed

above. Furt hpzrmapma@&%@&hc;&%%@le@@& fdfr Mt beath LY i&EcddbdKariiESSage
conprising a matrix index portion and a rank val ue portion. OOSZAThe

reverse |ink!MB8lsage ndl cedsrrtitstor gachidaastreameny be mulfndexed tiimilot data
regarding thg The
reverse |i nkﬁ rlrrggg% b%@e n;lcni %%g@gﬁﬁgglkgﬁ%@%@%?%ﬁﬁgﬁégs ?}rdd%%g%l !y &
whi ch al so rdeeiareslyt tnhapi‘lmtcsynﬁaola crope fmequendyetivipbn dattiplsed G fimom a

ot o ce 3y RO T SR o RO B
station 12 10typ[c@@;88kvktxvrb@3£pesteat thens ﬂnZ)il:sted ihe kodt lnaahﬁﬁ aad g-rwlbs ufgdam

bi | e device ceived b ennas 24 Condltloned by
Tocei ver s 15850 TR0 Getsties oSG 15 4br CaAtP gt L eoled o

RX data procgssh dh2ddehia neXtieasddulaR@ (B.8Y eJrilh nia 88898 a artlcula1
transmtted by nobile dewn?g 1250. Fur(tﬁ o rocggesdg? 1230 p

process the @?fhl* adeghoras gy dinesy ﬂ@swmﬁ#@'% (BPSkok aeasentig Ph@ﬁ@'rshbﬁ to
use for det ekcg?il r e@s@%%g LGl né"@\h@’gkzal\{ﬂq%@cﬁﬂu?é é?ﬁrﬁﬁﬁcﬂ-:r .?ocpu?ﬁgn

and 1270 may e.g., contro coor e, nmanage,
operation at (M&@l\&tea:t] sstectkd 1o thatdiamtredretodew@@mmﬂ@uowwsﬂnetst iThelta

Sesmect e DL RRRALSad 90, B0 AP 18500 e EEESt B bl DR

1270 can al sperfiemtdomnproaidiilbapiocsssortia3@eri ve fr equency and i npul se

response est [OW%]eS f OrThterll'J?o uPatllogbym ols t%?t e dlcitd s’tredrr?ss é I\J/r?)lv%léd toa TX
MIMO processor 1220, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1220 then provides Ny modulation symbol streams to N7
transmitters (TMTR) 1222a through 1222t. In various embodiments, TX MIMO
processor 1220 applies beamforming weights to the symbols of the data streams and to
the antenna from which the symbol is being transmitted.
[6078] Each transmitter 1222 receives and processes a respective symbol stream
to provide one or more analog signals, and further conditions (e.g., amplifies, filters,
and upconverts) the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. Further, ¥y modulated signals from transmitters
1222a through 1222t are transmitted from Ny antennas 1224a through 1224t,
respectively.
[0079] At mobile device 1250, the transmitted modulated signals are received
by Ny antennas 1252a through 1252r and the received signal from each antenna 1252 is
provided to a respective receiver (RCVR) 1254a through 1254r. Each receiver 1254
conditions (e.g., filters, amplifies, and downconverts) a respective signal, digitizes the
conditioned signal to provide samples, and further processes the samples to provide a

corresponding “received” symbol stream,



[0085]1t is to be understood that the enbodi nents described herein
may be inplenented in hardware, software, firmvare, m ddl eware,

m crocode, b .RRMssRTLI nation thereof For a hardware i npLeRahdhd N
the processing units nay be inplenmented within one or nore
application specific integrated circuits (ASICs), digital 22 signal
processors (DSPs), digital signal procesying devices (DSPDs),
programabl e | ogi ¢ devices (PLDs), field programmabl e gate arrays
(FPGAs) , progqi}ﬁﬁors, controllers, mcro-contraollers, mcroprocessors,
ot her el ectr uni t S8 045595 d DAY TREVE BRI P e tha dedsscisd

herein, or asaRdknakisEb NErRefelsQ0865M0E § PEHamadidiRpbRcaktie

i mpl emrented in software, firnware, m ddl eware or m crocode, program
code or codetesEymaie providreyr idgipeise” sdobeirdamsaRitelem mecossadap) may

medi um SUChd@ﬁo@ala’%é %ﬁ%ﬁe&ﬁe”%"&@&de e H’é%@cte%e#{&‘i%@fsu%?% b FREGS W i
procedure, a function, a subprogramj a prograny a routine, a

subrouti ne, databauhedatastseit Ware erqpeskads Radoh amsessar 1280 ys @onmibinnatarpn

Ceqmont nay. BRa G EhETRE RO CRRENT T A bt £ pe o

by passi ng apdfi@rixecei ving i nformati on, data, argunents, paraneters,
or menory coptents. Informatiopn, argunents, paraneters, data, etc.
may be passe ,{}%“orvvar dedrocgisot ]rja?rqéli‘ﬁytﬁeé 1&@‘Yr?§teérﬁk}1eé"{mi%F‘é’dH9§%“X to
includi ng Megmii =5 QAELREH aTRS SAGeD skt REr 1270k HASIABY reRBEWAK K
transm ssion, etc. [0087] For a software inplenentation, the

t echni ques dESEREOEENHBIE NFHEY Islex Pajhoe Aiht Bak wplbhrerwanl es (e. g.,
procedures, fgagsti ons, 1aNg,SQ I md Rerby e | QF :
descri bed heE el n]E The software co%es’g&%?raygﬁ:te) E%%%dlo{!#@%sﬁ'g@%%ntog
and execut edrdgyrdpecdhbessonsnicafive limk and/yr thardeeired/ ddvesticaml dite n¢vecbelink hi n
the processor_or external to the cessor, | ich case it c b
conmunt cat | vEI ST BuPoat Sk Bk AR RGteat Dl s AR Recbiye SRR e
known i n t hefarntnumbOOS8EWtibarmefrefanaa soorck i 286, Mddulalet g amatdatitdr S 280,

CY anem sai on“BRIRTEY AgIFan GHH ool SRR bRt Bh EHERHGN, bBoro BRI

system 1300 mpmy. reside at |least partially within a nobile device. It
is to be appreciated that system 1300 is represented as including
functional blW8Rk, whittPasaiates Kihdhe padeiatd serads froratmabels deweni250 are

functions i rr}:gcgk}&nlsye&té}gﬁaéilﬁw&%ﬁﬁgg%d WlfeFé@@Jrﬁizﬁr d&ﬁéﬁ%}ld?ééntrﬂaﬁe{gl g

thereof (e.g., firrware). System 1 i'ncludes a fogica
1302 of el ecti¢mehlatgrodporadpecessad bY aBiXl dateatrecassew d 24%ktol extrict the reverse

transm ssi ony: .S <hoal cal .groupj-Ag-1302 may in e _an

el ectri cal cglr]rlgﬁﬁsesn t&%g%ﬁ$cgrb99n%cg’ﬁi g |1§°gwa56'sﬁdf:ﬁé B %9 e&%ﬁ%%ﬁ? process

hybri d FDM ChMestracieit racseageThdethyting ahieDivk<Chivhg i tiicdtoi e for Omb@esing the
diversity for a given user by permtting a user to

maxi mum fr equeaﬁ_g%
transmit oveP*HONEURE I'Giw0ls tones. Further, logical grouping 1302 may
conprise an glogst ri calp:6@3RRN eI 430670 @y Biedct QId1 RAGtSIDMordindth, Manage,
domai n. The in time domain can all ow, ) ,
efc.) operation at base station 1210 and mobile device 1250, respectively. Respective
processors 1230 and 1270 can be associated with memory 1232 and 1272 that store
program codes and data. Processors 1230 and 1270 can also perform computations to
derive frequency and impulse response estimates for the uplink and downlink,
respectively.
[0085] It is to be understood that the embodiments described herein may be
implemented in hardware, software, firmware, middleware, microcode, or any

combination thereof. For a hardware implementation, the processing units may be

implemented within one or more application specific integrated circuits (ASICs), digital



23 users in neighboring cells to enploy the sanme sequence for COMin
frequency domain. Thus, pilots of users in neighboring cells using
the sanme sequence for CDMin frequency donmain will not interfere due
to the CDM perforned in tinme domain. ditionally, system 1300 may
include a nenory 1308 that retains instructions for executing
functions associated with el ectrical conponents 1304 and 1306. Wile
shown as sh@kngo@xt@é (]§$Ps? Qi FRIMBGYal %%Q%ssuigde'vﬁzei g)@ﬁ)s‘)' Qﬂ@élﬁh%gletlgﬁé
one or nore of electrical conmponents 1304 and may exist with
nenory 13g8ice] §oBg). Tgldiragrammaplegateragrays (R Y apreerssass, asosty@teemmmge
t hat ide | in
aceor dancg vy Fro SHER e bbb RREELL: o fkichtl & RPEEL WGy FEley:
resi de V\/ldf:kmlhe@1¢Jai$1e013&anmh)mtlohmheléqfstance As depi ct ed, system 1400

e e 5t om0 e SB35 o AP P IR SERLS 5

Syst em 140Q6hi¢oedded@dgianm Qe oatoddrsegpéns tHedQrayode s@dlg@tnrd @8¢hiGOEROMHANt S
t hat can act in conjunction. Logical groupln 1402 may incl ude an

el ect ri cAMCIEBRFYRbRT2 FORSHEITORANFE: inedds SPEeait wiad rergieal 2 pgouturder
exanpl e, fendiehs §{1@F>ro 26rb RehUdRMhd a%uﬁ%ﬁt@nesg?ffo'sdgehp?%fg/\?aggbégc‘ﬁage, a

nmessage froma nob dévice that tradsmts si

hybri d FRMsCOMast ¢Qjmitiuﬂt®n OThBttocIrqne,rtbm st1m4mdescta"rpm@ramdtdtean@1ti hecode
si gnal tq i dent i f musers in. a s Mor eoye
ogi cal - grataths Psga IRy B bk amdde B F REFVes i EHERT prspine SRUET
per f or m ng:es\mwﬂfmdﬁﬁ@f Qlati!, Aguindntt, pRrdiefdRs, @ AR hdrl 4gentd-Unfdd@ktion,

| ogi cal grouping 1402 nay conprise an el ectrical conmponent for

per f or m REEUEIEGRaPargBsisise fm\ - FTWYtbﬁé?aﬁfs%ﬁwdd@ﬁwnﬁI“ﬂ%S‘SlﬂEﬁéy
despr ead'sﬂ@ab@é)ﬁéﬁ%'n%udlﬁ‘g hle B rf‘ﬂl‘érlﬁ Ayt I?aggéggﬁlgafoﬂeﬁ sﬁn?q{gt\!v%

signal froma specific usSer group. Addi tiona
syst em 14Q0smigsion, w6t ude a nmenory 1410 that retains instructions for

executin ctions_associ at ed mnt al copponents 1404,, 1406,
a1 hon 0T ShEaAPSIRIR bbb lafny it O RET R By b po
understOGMpkhahw&M&mhﬁmﬁa%(egﬂpﬂmaﬂh&;ﬁ#ﬁﬂmmlﬂﬁﬁmcmmdmﬂﬁQ&Hth@XlSt
within é 1410. tﬁ%8090 as been descri bed above incl udes
exanpl es mcti Predespribeghereis o 3-&%0 twWate Godes gy poipred in REMOpYYEENG t o

descri be cpM@F4 wga?&%swl ﬁqeq%m ?%n%yqie iSPRRRARALA LS thel[fm%gl @9' es
for purposes of describing the aforenentioned aspects, one o

or di nary e5termal to the pipgessen; mmﬁ&?lch e diriap e chrmmunigayvel ueduipld to the processor
CO”b'”at'?ﬁéﬂ%EQmEEEQH§%$EBﬂﬁnﬂ&uﬂ?r'OUS aspects are possible.

Accordi ng escri aspects are intended to enbrace all such
alterati chSS] modi f Mbatnefﬂnmcamjmgal?. aklusonsd idwiysfeal 1300ithdiiemptdye a harid

scope of |nB Furt hernore, .tq the extent that the

Corm i PR Giso fie R e T RUo bk e B S SoSHOLH eI

cl ai ms FUE Ok ahfple]ls ) sterh NBENEGH rdsRic RlehAGhMiRII amhrh @1118@1%103' ik & bel O
the term"conprising" as "conprising” is interpreted when enployed as

a transi BPRRePteddiegsysenal 3045 rﬁmesz@edmendmﬂwg/@n@emnawbm@sm@mmvm ON
ARE AS FRMBi blocks that represent functions implemented by a processor, software, or

combination thereof (e.g., firmware). System 1300 includes a logical grouping 1302 of
electrical components that facilitate reverse link transmission. For instance, logical
grouping 1302 may include an electrical component 1304 for modulating a signal by
employing a hybrid FDM-CDM structure. The hybrid FDM-CDM structure provides
maximum frequency diversity for a given user by permitting a user to transmit over non-
contiguous tones. Further, logical grouping 1302 may comprise an electrical component

1306 for performing CDM in time domain. The CDM in time domain can allow



|. An apparatus for wireless comunication, including: means for
spreading a signal froma first user in a first group of users across

frequency, whenehdissi gnals fromdifferent users in the ﬁéﬁ@&mgﬁgggjof
users are code division mltiplexed (CDM in frequency donain;

means for spreading the signal fromthe first user across tine,
wherein the signals fromthe different d8ers in the first group of
users are code division multiplexed (COM in tinme donmain; and

means for mapping the signal fromthe first user_.t first set of,
Subcarr i er s 65 GACETRGIENEIY P/ EP oy BB ROREERLLor (R & PR fomein.
from di ffer enkusgsi@upst @érs Ekﬁ@éi%-tb@fiﬁg Em%ﬁagﬁ% seinY k&juerteot COM @xed
(FDM on different sets of subcarriers. ..Jhe apparatus of claiml,
further incliigAuagey domain willyos fderfese diypetp herfgDMrsriorgerain thecoitmare fir st
user 10 a Sehdliof! GBS 00 WBG AR atndrloi? 1968/ LlalIR rhoth SR
to different sets of contiguous’subcarriers’in different tine
intervals. &eculthg fapppianstssecigéd eltlaplnstrica codponshisrldDhanchB0ae dislef or

spreading th ' . | I st er..across.fre ncy. i ncl ud
reane for sprelainBtipn EABNE ol MRSl AL U el S BAThs BT
plurality ofeleyddal corspurkhts 1804 andsi30eé ady prisseithie Aeenctyw1308hi eve CDM i n

e {eauenopy AT . 1t THCrREPRSELUS L 2SI iy ST N
claiml or 2fowhep&iific dRLnEPBSTE 641, SPiceadhing vilhGnskgienbs hé gaeiafion.
first user across tine includes, neans for spreading the signal
fromthe fir3tiaski0paaasiehvihinsrlerolsiva fos preat My ot BoEeTSe
COM in the ti,pR4FIRRnal Hockd Nt ﬁgyoﬁr%@sé{ﬁ Aot sAtnementtl 85 ipRode i,
ort hogonal spreading code is a Hadamard code. . _
software, or combination thereof (e.g., firmware). System 1400 includes a logical
grouping 1402 of electrical components that can act in conjunction. Logical grouping
1402 may include an electrical component for demodulating a received signal 1404.
For example, a receiver may be included in a base station to receive a message from a
mobile device that transmits signals employing a hybrid FDM-CDM structure. The
component 1404 can demodulate the signal to identify signals from users in a specific
group. Moreover, logical grouping 1402 may include an electrical component for
performing signal despreading in the time domain 1406. Further, logical grouping 1402
may comprise an ¢lectrical component for performing signal despreading in the
frequency domain 1408. The despreading operation in time and frequency domain can
identify a signal from a specific user in an identified group. Additionally, system 1400
may include a memory 1410 that rctains instructions for exccuting functions associated
with clectrical components 1404, 1406, and 1408. While shown as being external to
memory 1410, it is to be understood that electrical components 1404, 1406, and
1408may exist within memory 1410,
[0090] What has been described above includes examples of one or more
aspects. 1t is, of course, not possible to describe every conceivable combination of
components or methodologies for purposes of describing the aforementioned aspects,
but one of ordinary skill in the art may recognize that many further combinations and
permutations of various aspects are possible. Accordingly, the described aspects are

intended to embrace all such alterations, modifications and variations that fall within the



7. An apparatus for wreless comunication, including: a
generating conponent that spreads a signal froma first user in a
first groupvwisosrsess across frequency, spreads the signatr/iisnmdsha
first user across tinme, and nmaps the signal fromthe first user to a
first set of subcarriers assigned to the first group of users,
wherein signals fromdifferent users inZthe first group of users are
code division nultiplexed in frequency domain and tinme domain, and

wherein signals fromdiff s of users a eguenc di vi.sion
il plexed vt Repui Sgan FEBRnRe: §TE S bl BEURITRHNE

of claim7, wkeétetithet the dgﬁnemetsm;gmﬁ@m@manhs swheads istiftendedgnbs  from
the first user based on one Of lurality of gyclic shiffts of a

spr eadi ng seﬁﬁ@ﬁ%&”%%mﬁgﬁfﬁyéa ?W”Ph@)l?ﬁaﬁeﬁﬁme@ﬁﬁpﬁ mlmgm“*ﬁ%
appar at us of wﬁérﬁénﬁ@l@ydaras&traﬂﬁ@érﬁl Roldig a@EMEr ati ng conmponent spreads
the signal fromthe Tirst user based on an orthogonal spreadi ng code
in tinme domain to achieve CDMin the tinme domain. 10. A method for
wi rel ess conmuni cation, including: spreading a signal froma
first user in a first group of users across frequency, wherein
signals fromdifferent users in the first group of users are code
division nultiplexed (CODM in frequency domai n; spreadi ng the
signal fromthe first user across tine, wherein the signals fromthe
different users in the first group of users are code division

mul tiplexed (CDM in tine domain; and mappi ng the signal from
the first user to a first set of subcarriers assigned to the first
group of users, wherein signals fromdifferent groups of users are
frequency division nmultiplexed (FDM on different sets of
subcarriers.



11. The method of claim 10, further including, mappi ng t he
signal fromthe first user to a set of contiguous subcarriers in a
given tine interval and to different Bets of contiguous subcarriers

ner et ri e AMBER {8 Bromifion A ARORO L Lol eross irequency
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across 19 me I'ng the signa ser
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spreadi ng code is code. . An ap aratus for wireles
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2. The apparatus of claim I, further including,
means for mapping the signal from the first user to a set of contiguous subcarriers in a given time

interval and to different sets of contiguous subcarriers in different time intervals.

3. The apparatus of claim 1 or 2, wherein the means for spreading the signal from the first user
across frequency ineludes
means for spreading the signal from the first user based on one of a plurality of cyclic shifis ofa

spreading sequence to achieve CDM in the frequency domain.
4, The apparatus of claim 3, wherein the spreading sequence is a Zadoff-=Chu sequence.

5. The apparatus of ¢laim { or 2, wherein the means for spreading the signal from the first user
across time includes
means for spreading the signal from the first user based on an orthogonal spreading cade to

achieve CDM in the time domain,
6. The apparatus of ¢laim 5, wherein the orthogonal spreading code is a Hadamard code.

7. An apparatus for wireless communication, including:

a generating component that spreads a signal from a first user in a first group of users across
frequency, spreads the signal from the first user across time, and maps the signat from the first user to a
first set of subcarriers assigned to the first group of users, wherein signals from different users in the first
group of users are code division muitiplexed in frequency domain and time domain, and wherein signals

from different groups of users are frequency division multiplexed on different sets of subcarriers.



27 first group of users are code division nultiplexed in frequency
domain and tinme domain, and wherein signals fromdifferent groups of
users are frequency division nultipleéd on different sets of
subcarriers. 17. The aPparatus,of claim 16, further 'ncl%g%gﬂp A
conmponent t AAe aRBABLHYSIAER 75 Higsindke ﬁ&%ﬁi“ﬁ@"’%"é’ﬁ‘ﬂ‘éﬂ’é"é“&*hﬁ st user
recei Vefdsaiod Bi¥ of 2 pRralitl e cRPPHfRton s sppdadiag @lpendeio adhiele/ CDMUN thl &equency

I ncl udi ng, . a conponent that perforns a despreadi ng operation
in ti M98 ai n and frequency domain to recover the signal fromthe
first user. 19. A nmethod for wrel ess conmmunication, including;

obt ai ni hg a.received signal includin 1 fl o Mo &)o@
first gE? oup {&F’ aRparafe ?fsctl%"é'a}g ] ég’r‘f’ g'ierelrnrt}(‘) B‘t?"ﬁ%*‘gl&r%& P Ielﬁ}g reg%q'é}lger]s ?gg’?gﬁh Akt
acr oss dserdgsed oo yn @thdganitvereading chderin Hse domepyie dehieye GDM ip S time dorprin.
subcarriers assigned to the first group of users, wherein signals
fromdifferent users in the first group of users are code division
mul ti pl Bxed A methediguwindsss epsrainifaERdrei® domai n, and wherein signal s

fromdiffere Fea@ﬁﬁ’s@g@aﬂ‘fc@ﬁ&%s@ﬁr@a firS(QFHAE BCersl hordsS fr@ed®ylvibeRInipadls on
different sets of su

[ ubcarriers; denodul at) ng the recelveg_ﬁ%&gglcgo.,
obt ai n foréiffged vatreia the; fssi group afiiigers are code givisigp auliiplstrd{HEMyBABM Gaage ™
Sihgn]iil in tigyRadlRimd n%lramaloni 1he HERENACR R Mwiekil REQYALs fioMehesdifgnal uskisam
the first user. 2

0. The .hod of cl ai . further including,
aopl yi i 1 SRR SO M TR B LR B S R gnal | 21 A
W rel ess conmaping &eispRd frafppier fast usey to aTodt s ofsybdearriers assigned to the first group of
users, wherein signals from different groups of users are frequency division multiplexed (FDM) on

different sets of subcarriers.

1. The method of claim 10, further including,
mapping the signal from the first user to a set of contiguous subcarriers in a given time interval

and to different sets of contiguous subcarriers in different time infervals.

12, The method of claim 10 or 11, wherein the spreading the signal from the first user across
frequency includes
spreading the signal from the first user based on one of a plurality of eyclic shifts of a spreading

sequence to achieve CDM in the frequency domain.

13. The method of claim 12, wherein the spreading sequence is a Zadoff-Chu sequence.
14, The method of claim 10 or 11, wherein the spreading the signal from the first user across time
includes

spreading the signal from the first user based on an orthogonal spreading code to achieve CDM in

the time domain.

15, The method of claim 14, wherein the orthogonal spreading code is a Hadamard code.

16. An apparatus for wireless communication, including:
a receiving compaonent that obtains a received signal including a signal from a first user in a first
group of users, the signal from the first user being spread across frequency and time and further mapped -

to a first set of subcarriers assigned to the first group of users, wherein signals from different users in the



means for obtaining a received signal including a signal froma first
user in a first group of users, the S|gnal fromthe first user being
spread across frequency and tine and ¥urther napped to a first set of

subcar rfl¥s? 5%@}52?&'5@?&900%% dl%lE%n H\)fnﬁex&r i Hegqumcy HSHS Sand WS A4, S4d0RR}eH

from di users roup users are code diyvision
mul ti pIswddfwmdﬁfpenfwﬂewfdéﬂﬁﬁaﬁrﬁﬁﬁlﬁwcr ﬁlrfrﬁww&ﬁpﬁxedaﬁé'ffﬁmrs'éf Pf subegrnigtes
fromdifferent groups of users are frequency division nmultiplexed on
different sets of subcarriers; means for denodul ating the received
si gnal ‘Yo oﬂﬁﬁﬁﬁmamﬂﬁﬂ%ﬂﬁF%ﬁﬁ@“§W&ﬁ§1: and means for

despr eadi ng ateB@pdABRREAL N6l abin @97 hoppinglsedience rRiett tienetelvedigaeincy
domain to recover the signal fromthe first user. 22, The wreless

comuni cations apparatus of claim 21, further |nclud|ng means for
appl yi ng. an fiheygases baprh ngosiegfusire echiding, he recei ved si gnal .

a component that performs a despreading operation in time domain and frequency domain to

recover the signal from the first user.

19. A method for wireless communication, including:

obtaining a received signal including a signat from a first user in a first group of users, the signal
from the first user being spread across frequency and time and further mapped to a first set of subcarriers
assigned to the first group of users, wherein signals from different users in the first group of users are
code division multiplexed in frequency domain and time domain, and wherein signals from different
groups of users are frequency division multiplexed on different sets of subcarriers;

demodulating the received signal to obtain a demodulated signal; and

despreading the demodulated signal in time domain and frequency domain to recover the signal

from the first user.

20. The method of claim 19, further including,

applying an inverse hopping sequence to the received signal.

21, A wireless communications apparatus, including:

means for obtaining a received signal including a signal from a first user in a first group of users,
the signal from the first user being spread across frequency and time and further mapped to a first set of -
subcarriers assigned to the first group of users, wherein signals from different users in the first group of
users are code division multiplexed in frequency domain and time domain, and wherein signals from
different groups of users are frequency division multiplexed on different sets of subcarriers,

means for demodulating the received signal to obtain a demodulated signal; and

means for despreading the demodulated signal in time domain and frequency domain to recover
the signal from the first user.

22, The wireless communications apparatus of claim 21, further including means for applying an

inverse hopping sequence to the received signal.



