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[0003] 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 via 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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Y#009| €SS 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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[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 received signal and means for despreading the received
signal in time domain and frequency domain to determine a signal transmitted by a

particular user from a particular cell.
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[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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[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. 11 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

System.
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and the hke 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 system,
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
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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. System 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



term nol ogy. [0035] Moreover, various aspects or

features described herein may be inplenented as a
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standard progranmm ng and/ or engi neering techniques.
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in a time division duplex (TDD) system, forward link 118 and reverse link 120 may
utilize a common frequency band and forward link 124 and reverse link 126 may utilize
a common frequency band.
[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



exanpl e, cellul ar phones, smart phones, | aptops,

handhel d comuni cati on devi ces, handheld conputi ng
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PDAs, and/or any other suitable device for

conmuni cating over wreless conmunication system 100.
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56t e devices. [0039] Referring nowto Fig. 2, a
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access point coverage area can be partitioned into multiple smaller areas (e.g., three
smaller arcas 208A, 208B and 208C). Each smaller area is served by a respective base
transceiver subsystem (BTS). The term “sector” can refer to a BTS and/or its coverage
arca depending upon context. For a sectorized cell, the base transceiver subsystem for
all sectors of the cell is typically co-located within the access point for the cell.

[0041] Terminals 204 are typically dispersed throughout system 200. Each

terminal 204 may be fixed or mobile. Each terminal 204 may communicate with one or

more access points 202 on the forward and reverse links at any given moment.
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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 systems 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
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controller 210 or the like can be referred to as
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Control Channel (CCCH), a Shared DL Control Channel (SDCCH), a Multicast Control
Channel (MCCH), a Shared UL Assignment Channel (SUACH), an Acknowledgement
Channel (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.
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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 sequences 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



Subset Indi cator Channel (ASICH), a Shared Request
Channel (SREQCH), an UL Physical Shared Data Channel
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from a specific user from the group of users in a cell. Typically, the despreading filters
can employ a despreading code 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 methodologies 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
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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.
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lower half of the bandwidth while stream 0 occuples 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.
180KHz). 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,
CQI, 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
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and then denodul ated at 604 to separate out signals
transmtted by groups of users fromdifferent cells
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SRR, S A Tl s
0@NEoweieedt bl egapptdiated that most any orthogonal sequence of most any
length can be employed. The [+] and [-] symbols illustrated, represent orthogonal
covers. The sequences [+][+][+][*], [+][+][-1[-1. [+][-1[*1[-1, and, [+][-][-][+] are
orthogonal to each other in time. A user from a given cell can employ this orthogonal
spreading code in time domain, 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. 8).

[0065] A given cell can be allocated one of the four Hadamard sequences
illustrated in 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



Furthernore, it can be observed that all the 0's and
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exanple a Chu sequence can be

transmission by a transmitter 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 components 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,
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géﬁiﬁ%ogg%c{afic(ﬁ’cgﬁmﬂ@lel ABlnb S r RFRMEBIMLCHYN s b BIAEALRY component
1014 may be part of processor 1006 or a number of processors (not shown). The hybrid
FDM-CDM signal generating component 1014 can be employed to multiplex the signal
to be transmitted in the frequency as well as time domain. The hybrid FDM-CDM
signal generating component 1014 multiplexes the signal to maximize frequency
diversity such that multiple users can transmit on non-contiguous tones.

[0072] Fig. 11 is an illustration of an example system 1100 that facilitates
recovering a signal that employs a hybrid FDM-CDM structure, according to an aspect
of the system. System 1100 comprises a base station 1102 (e.g., access point, ...) with a
receiver 1110 that receives signal(s) from one or more mobile devices 1104 through a

plurality of receive antennas 1106, and a transmitter 1124 that transmits to the one or

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



between users in a given cell. Furthernore, they
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both volatile and nonvolatile nenory.
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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



electrically programable ROM (EPROM), electrically
erasabl e PROM (EEPROM), or flash nenory. Vol atile

woreem0y7sa@n i ncl ude random access nenory ( RAM PCTHIE0N7/082881

acts as external cache nenory. By way of illustration
and not limtation, RAMis available in many forns
such as synchronous RAM (SRAI\@O, dynam ¢ RAM ( DRAM ,
synchr onous DRAM (SDRAM), doubl e data rate SDRAM ( DDR

SDRAM , k DRAM
Pacerai AR o, AN A the BRRAR S fonesh gp o
ﬂzgggulglf chlﬂ% s%HQﬂn@ §élecsté’d5fo@ Bfat @th sieid @(Qﬁro'vﬁie'c@ﬁ@d"&’fﬁg to

onprise, wthout being linmted to, these and

Hlﬂﬁ 6F sui t Aht eodeyigletn fof caphriotastreppQTay] bd\mmtllpéeméwﬂéleoﬂot data
1000

Guner Thosage RGO TB e GRaRa e G DA TR S s Alonaty or

LlkRREchyS it (Hlog BghbdlS cdh be RefRncyCNistndndliibfcree (FIDMP time
CQ) to, for instance, a base station, another nobi

dizvqremulgipiexed AT IPNBL@WOé@ éwe&l@amakﬂpé@ﬁeﬁ éCQé@a rideeilof 6%%1 is

I LSRS08 S TP A M v

ﬁiogﬁatie\gémh?ﬁ@ttb ﬁglmaﬁpbmmet respdhtéd TthymbEtlprb@creti pilbt and coded data
L O o A

ﬁl%aulgﬁol? Léﬁ’ﬁé?g ?t Bi % HaRl @Pﬁfttlgé? \/T\%I (Q&'P@k) c%d%dﬁﬁlrﬁghase -shift

transmtte uency as
Ryeng(QRSK), NDMl@BMhlfskgmm () aM- m@dcajmacanmﬁ]ttudborlddulatlon

e R e

R0 c68RL] ARSI ATor E4LA dala skikim BbeSdetmined by instructions
illustration of an exanple system 1100 t hat

peréarmet ar ervideddovieedosgprd 289.gnal  t hat  enpl oys a hybrl d

st r. cture accordin spect
YR S TEERITusBE ST L R e Bl BRBFR s euifSiced 0w T

MEMD prozesses 523121;) wiich may Jurthet frodess tiecRbdgitiohlslehtohat.g., for
recei ves signal (s) fromone or nore nobil e devices
%ﬁ/’@pr

QFPM). nk% pficerioa ll 224 thep prvddas v medudatipasymbobstreams to Ny
&Q&nﬁué{% %fﬁff’f'drégtﬁﬁzalﬁ%o%@h@%z{ g %Hbﬁ tqu}iﬂtﬂgmg][ﬁ%( RiIMO

nor e vi ces rough a

proaessot ID@m@phM&aﬁﬁ@&m@%@h@n tliels“l_;@nbm VBB H45 EB&Hns and to
PCT/ US20Q7/ 0828 19 can . receive informati on from
theaafepga gfﬁfne‘ﬁéégj}ﬁ Bo2htt beedfwr@iticdel y associ ated

Wor8) @  hy Rt FHMitdIND b 8 CRENEN S Q&M redplfvd bol stream
(gﬁ’rﬁ‘(?

denodul ates and despreads receive I nformat’ on.
twpmwde PDIVbODIver aem@lg\sugrglsc anbombert cohditdns émng. sapplnﬁﬂseﬁlters

S o el e RieBe PR B St ot SuidSie i
transmission over the MIMO channel. Further, Ny 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.



wi thin each group by enpl oyi ng despreading filters in
time domain as well as frequency domain. The

waele®piosmeé ng filters enploy a code that is thePCTUS208T082881
of the spreadi ng code enployed at the nobile
devi ce(s) 1104. Denodul ated symbols are analyzed by a
processor 1114 that can be sifilar to the processor
descri bed above with regard to Fig. 10, and which is

ed to a r 1116 stores infornation )
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ypically, OFDVA can be enployed for the downlink
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processor not shown) 0074] Fig. 12 shows an
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fmraelutrﬁmoma proinsdrate videe, sowise rl@d ¢ mexidited bywaquak@r 12380,
con tt;mgl:éa g?@%élgri{uétrelé b][ﬂﬁ? %%élelszr%pqa%n grgrzsung tg@ %ack %66 station
amﬂ)nnblle devi ce 1250 described below. In addltlon

is to be appreC|ated t hat base station 1210 and/o

[ﬂ%ﬁ] e devitBaseasoiondy ! @ripy Bpdelaed sigpglbsdipm pobys degoy1250 are
faelaglvg’(@b%lﬁteﬁﬂhg/ 1954 rﬁ%h@l?gﬁeé &%ew?r qbﬁjq{%ﬁ{o' Eﬁpedhb £ 0

to facifitate nlca ion t'here betwe
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f data streans |ded m ata sourc 212
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respective antenna. TX data 2008/ 057836
Panifosang agR881 20 processor 1214 formats, codes,

f’dﬁ‘§4i nterl FI%%SS%O%SH%:SB rag(fi f1&‘/20 r%g}tl %rg’étr(g gmcglﬁroﬁ coordlnate manage,

etc.) 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 thercof. For a hardware implementation, the processing units may be

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



particul ar coding schenme selected for that data stream
to provide coded data. [0076] The coded data for each

wa@ 2108/05188€am may be nultiplexed with pilot datBCT/USI007082881
ort hogonal frequency division nmultiplexing (OFDVM
techni ques. Additionally or alternatively, the pil ot
synbol s can be frequency di vigion nulti pl exed (FDM,
time division nultiplexed (TDM, or code division

ot dat.a is
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£ is to be appreciated that system 1300 is represented as including functional blocks,
which may be functional 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 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 for performing CDM in time domain. The CDM in time domain can allow



correspondi ng "received" synbol stream WD 2008/ 057836
PCT/ US2007/ 082881 21 [0080] An RX data processor 1260
wOoregpsemsaé ve and process the NR received synbpET/US2007/082881
streans from NR receivers 1254 based on a particul ar

recei ver processing technique to provide NT
"detected"” synbol streans. RX-Uata processor 1260 may
denodul ate, deinterl eave, and decode each detected

synbol stream t recov he traffic t r the dat :

: (oo ehREr o <8 PG oy et ks B CBM pageesy domain.
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1220 and TX data processor 1214 at base station 1210.
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i,ch reco trix to, utilize i, scussed. above.
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ffhbé fay r 1tﬁ1ﬁraq}é9@stg:t%§fl for 1ﬁ§9ncter % fc?&id dg%llf 1400
to ase station. 1210. [0083] At base statl
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reverse |ink nessage transmtted | e device
14 omayinctuderan etﬂcmhmpop@@(fondgm Wetengs repived signal 1404,

xt ract d 2 TESSA det.e ne V\,hl recoding matri x
OI' exarnp e Veer Iy X%chl 1n<i1%&eﬁ|1 Or E[J,I'Tk]l&) t0 recelxhga rnessage frorn a

hﬁﬁﬁéheﬁé@t@&ﬁtﬁaﬁfsﬁutl Bl%ﬁal@ Téﬂlpl@%fﬁ‘ig zmiybrdi IFIBM Cm/l gtructure. The
control, coordinate, nanag oper ation at base

sqapansht i4Pfean ﬁémﬁé%lmeéh@@gnaééo 1dz=5 £y signabeleenyis¢ry in a specific
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menory ore rogram c
pﬂﬁordﬁﬁ@mglﬁm degsenlig h2BOtimndothdi0] 40an Fairther n@m‘ab grouping 1402
onput at.i ons to erive frequen and. i nio | se response
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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 retains instructions for executing functions associated
with electrical 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. It 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



respectively. [0085] It is to be understood that the

enbodi nents described herein may be inplenented in
whandnsaseg software, firmavare, nm ddl eware, m cPODUSE)7/082881

or any conbination thereof. For a hardware

i npl enent ati on, the processi g1units may be

i npl emented within one or application specific

integrated circuits (ASICS) di gital WD 2008/ 057836

PCT/ US2007/ 0 8 I Ps), .. » -
mo&e pg%le ﬁ%qz g ﬁl}ab‘(e%zglll rr]%g(pl, [.pg e?%%é%&étl)ﬁe ?e)rm includes” is
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gate arrays (FPGAs), processors, contro | ers,

mebstredn nma@ntre&l@ﬂamﬁodh@t@rr@c eesprisng basHspmerisiog? brinterpreted
g Its dF @ned {0.be I Qithe functions descri bed
KEPLPRPIOEPS 2 L Bt Ho0e! WAt RSB [0086] When the
enbodi ments are inplenented in software, firmare,
m ddl eware or m crocode, program code or code
segnents, they may be stored in a machine-readabl e
medi um such as a storage conponent. A code segnent
may represent a procedure, a function, a subprogram
a program a routine, a subroutine, a nodule, a
sof tware package, a class, or any conbi nati on of
i nstructions, data structures, or program statenents.
A code segnent nmay be coupled to another code segnent
or a hardware circuit by passing and/or receiving
i nformati on, data, argunents, paraneters, or nenory
contents. Information, argunents, paraneters, data,
etc. may be passed, forwarded, or transmtted using
any suitable means including nmenory sharing, nessage
passi ng, token passing, network transm ssion, etc.
[0087] For a software inplenentation, the techni ques
descri bed herein may be inplenented with nodul es
(e.g., procedures, functions, and so on) that perform
the functions described herein. The software codes
may be stored in nmenory units and executed by
processors. The nenory unit may be inplenented within
the processor or external to the processor, in which
case it can be comunicatively coupled to the
processor via various neans as is known in the art.
[0088] Wth reference to Fig. 13, illustrated is a
system 1300 that enploys a hybrid FDM CDM structure
to facilitate transm ssion of a single carrier based
control channel. For exanple, system 1300 nay reside
at least partially within a nobil e devi ce.



It is to be appreciated that system 1300 is
represented as including functional blocks, which nmay
wheooBusnssé onal bl ocks that represent functi onsPCT/US2007/082881
i npl enented by a processor, software, or conbination

thereof (e.g., firmmvare). System 1300 includes a

| ogi cal grouping 1302 of el et rical conponent s t hat
facilitate reverse link transm ssion. For instance,

| ogi cal grouping 1302 may include an el ectrica
conponent for nodul ating a signal by enploying a
hybrid FDM CDM structure. Theapgrid FDM CDM structure
provi des maxi mum frequency drversity for a given user
by permtting a user to transmt over non-contiguous
tones. Further, |ogical grouping 1302 may conprise. an
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el ectrical conponents 1304 and 1306 nmay exi'st within

menor yigndeon| OB thiwanicrggourp Fig. 14, illustrated is

a system 1400 that identifies signals froma specific
user in a specific cell, in accordance with an aspect

of the specification. System 1400 may reside within a
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i ncl udes functional bl ocks thap may represent

fuhtgtéxed signaisiseciethbedudey iraa prver gesiprean trsufnhifvaye,a antiguous set

conbi nati on t her,eof ., fir re). System 1400
ShBRae Sy reel and Fbisnniets oSGkt iRt Afferent symbols.
conponents that can act in conjunction. Logica
groupi ng 1402 may include an el ectrical conponent for
denodul ati ng a received signal 1404. For exanple, a
B.ecei Vbe apmyativeof dkohud darthar camipeasieg shesns dor ¢naplogiogicydic shifts
a.nmessage from a bi |l e ic hat transmits signals
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1404 can denodul ate the signal to identify signals
fromusers in a specific group. Mreover, |ogica

roupi [ el ectrical
Jert of e P tul et MR o FR L B BB R AR
fugueher, | ogical grouping 1402

5. The apparatus of claim 1, further comprising, means for employing an

orthogonal spreading code to achieve CDM in the time domain.

6. The apparatus of claim 5, wherein the spreading code is a Hadamard sequence.



may conprise an el ectrical conmponent for perform ng

signal despreading in the frequency domain 1408. The
wWele®posEmelé ng operation in time and frequency dROEUS2007082881

identify a signal froma specific user in an

identified group. Addltlonalg¥ system 1400 may

i nclude a nenory 1410 t hat ins instructions for
executing functions associated mﬁth el ectrica

onponent s 1404 1406 . e shown as being
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/ US2007/ 082881 4 scope of the appended cl ai ns.

Fﬁﬁ@ﬁ@bﬁﬁ@@ﬂnﬁgithe extent that the term"includes" is
used in either the detail ed description or the clains,
such termis intended to be inclusive in a manner
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apparatus operable in wreless connunlcatlon system
to maxi m ze frequency diversity froma user's
per spective, the apparatus conprising: means for

p@r f oThe gpatdtenoruigsn 9liwtesdin Bprdadihg pd@uhdeds @ ZRIFF@hu sequence.
signals from users in different groups; neans for
perform ng code division nultiplexing (CDM in

frequency domain on signals fromusers in the sane
§t.oupThambareanst dom | dnftiar cbmgrisiogden Befeienicosignal (RS)

H%h{p!?}%eﬁﬁ{aﬂger g}%gb ]&#-W?Fm%%ror%{apn—ggde (iivglno%l nslulfu]rppexmg) on the

signal to be transmitted.

12. The apparatus of claim 11, wherein the RS multiplexer employs an orthogonal

spreading code in time domain to achieve TD-CDM.
13.  The apparatus of claim 12, wherein spreading code is a Hadamard code.

14. The apparatus of claim 7, further comprising, a transmitter to transmit the

control signal.



2. The apparatus of claim1, further conprising, neans

for transmtting the nultiplexed signals such that a
WQIg@B/05183@ gi ven group can transmt over a conkPCTUS2N87/082881

set of tones in a given synbol and different sets of

contiguous tones in different_synbols. 3. The

apparatus of claim1, further=conprising, nmeans for

enpl oying cyclic shifts of a spreading sequence to

hi CDMin t rat us
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spreadi ng code to achieve CDMin the tine domain. 6.
The apparatus of claim5, wherein the spreadi ng code

16 a Fadapmrduselanct.whifi2 GSodbéBagnal has a single carrier
PCT/ US2007/ 082881 26 7. An apparatus operable in
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diversity froma user's perspective, the apparatus
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19. The method of claim 17, further comprising, employing cyclic shifts of a

spreading sequence to achieve CDM in the frequency domain.

20.  The method of claim 19, wherein the spreading sequence is a Zadoff-Chu

sequence.

21. The method of claim 17, further comprising, employing an orthogonal spreading

code to achieve CDM in the time domain.

22. The method of claim 21, wherein the spreading code is a Hadamard sequence.
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15. The apparatus of claim7, wherein the hybrid
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to increase frequency diversity. 16. The apparatus of

claim7, wherein the control signal has a single

carrier waveform 17. A methdd that maxinizes
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code to achieve COMin the tinme domain. 22. The net hod
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sequence WO 2008/ 057836 PCT/ US2007/082881 28 23. The
%t hodhorpraraineiicraing 3, fyrgicr comprisg.fecomnopeha gepprates out at
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connunlcatlon systemto nmaxi mze frequency diversity
froma user's perspective, the apparatus conpri sing:

27. The apparatus of claim 24, further comprising, a component that employs an

inverse hopping sequence to detect the received signal.

28. The apparatus of claim 24, further comprising, a component that performs a
despreading operation in time and frequency domain to separate out a signal transmitted

by a specific user in a specific group.

29. The apparatus of claim 28, further comprising, a despreading filter that employs
a despreading code, which is the inverse of the spreading code employed by the user

during transmission, to identify the received signal.

30. The apparatus of claim 28, further comprising, one or more antennas to receive

an incoming signal.

31. A method that facilitates retrieval of a single carrier control signal, comprising;:



a hybrid FDM CDM recei ving conponent that identifies a
received signal from the user in the given cell, the
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separgte oyt si gnal qu#snttted by a specific user
Un s ApEEAing U B veb YR (S AGMATiERef ol ai m 28,
further conprising, a despreading filter that enploys
a despesprging thowecivohbiehaliis fregecncydemsia. of t he
spreadi ng code enpl oyed by the user during

transm ssion, to identify the received signal. 30. The

paratus qf clajm 28, further conprising, one or nore
3t enfhemedoddg él%%§aﬂl¢%ﬁ%‘&ﬁ¥m&1@’ @wivmg@ﬂ InVRTSEORBHS
g&ﬁ%m£qghk%%aﬁg§1§§&ﬂjeval of a single carrier contro
signal, conprising: WO 2008/ 057836 PCT/ US2007/ 082881
29 receiving an incomng signal that supports a hybrid
FDM CDM (frequency division nultiplexing-code
83.vi sSTROmHoU o kR 39) RikthbCédnirisibe Hﬂﬂghhgtai%@t Edigicr Transform
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tHEe toloRparate ourigna engiphgorcHiscsde dicgbd signal in
frequency domain. 32. The nethod of claim 31, further
conprising, applying an inverse hopping sequence to

e recej ved signal.. 33. The nethod .of claim 31, .
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(frequency division multiplexing-code division multiplexing)structure;

means for demodulating the received signal; and

means for despreading the received signal in time domain and frequency

domain.

35.  The wireless communications apparatus of claim 34, wherein the control signal

is a single carrier waveform.

36.  The wireless communications apparatus of claim 34, further comprising means

for applying an inverse hopping sequence to the received signal.



means for receiving an incom ng signal that supports a
hybrid FDM CDM (frequency division nmultipl exing-code
wW@lRaBe5886 mul ti pl exi ng) structure; nmeans for PCT/US2007/082881
denodul ati ng the received signal; and neans for
despreading the received signagl in tinme domain and
frequency domain. 35. The wi 1kl ess conmuni cati ons
apparatus of claim 34, wherein the control signal is

single carrier wavefor 36. The wirel es .
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sequence to the received signal. WO 2008/ 057836
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single carrier control signals that employ a hybrid
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part on denodul ation of a received signal; and
| dent ideyiifyipgat 1¢astertte sognal sisgeialed agthoringtiéig vagttih tlse at least one
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Fourier Transform (FFT) to separate out the set of
signals. 39. The nethod of claim 37, further
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40. A wireless communications apparatus, comprising:

a memory that retains instructions related to transmitting a single carrier control
channel that employs a hybrid FDM-CDM (frequency division multiplexing-code

division multiplexing)structure; and

a processor coupled to the memory, configured to execute the instructions

retained in the memory.

41. In a wireless communication system that maximizes frequency diversity from a

user’s perspective, an apparatus comprising;:
a processor configured to:

divide a control channel into one or more groups that are frequency division

multiplexed (FDM)with each other; and
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mul ti pl exed (FDMw th each other; and WO 2008/ 057836
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mul tiplexing (CDM on cont r ol3kchannel signals from
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the spreading sequence is a Zadoff-Chu sequence. 44.
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' ess comuni cati on system of claim 44,
éﬁg¥gi Seﬁ'ﬁéeﬂse'preading code is a Hadamard sequence.
46. A wirel ess comruni cati ons apparatus, conprising: a
menory that retains instructions related to receiving
a3 Si Nghewhdlehd &ImMARtstdtn syslandtaiaifnhet waeRIPIS spreading
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instructions retained in the nenory.

44. The wireless communication system of claim 41, wherein the code division

multiplexing in time domain is carried out by employing an orthogonal spreading code.

45. The wireless communication system of claim 44, wherein the spreading code is

a Hadamard sequence.

46. A wireless communications apparatus, comprising:

a memory that retains instructions related to receiving a single carrier control
channel that employs a hybrid FDM-CDM (frequency division multiplexing-code

division multiplexing)structure; and

a processor coupled to the memory, configured to execute the instructions

retained in the memory.



