WD 2008/ 057899 PCT/ US2007/ 083267 1 REFERENCE S| GNAL

DESI GN FOR CELL SEARCH I N AN ORTHOGONAL W RELESS
WEONRBISSATI ON SYSTEM CROSS- REFERENCE [ 0001] H¢ii/5S2007/083267

application clains the benefit of U S. Provisional

Application Serial No. 60/863,965, filed Novenber 1,

2006, entitled "A METHOD AND APPARATUS FOR CELL

SEARCH | N AN ORTHOGONAL W RELESS COMMUNI CATI ON

SYSTEM " the entirety of which is incorporated herein

YEFRRENGTE %IG%%%ER FéR EEiidstQﬁ%%i INDEN EEPABGONAL

di scl osure reI@,tI é IY/I[F F(:)
conmuni cat i ons, ana nore specifically to ¥e1c\:/lnni gues

for performng cell search in a wireless comuni cation
system |1. Background [0003] Wreless communication
systenms are wi dely deployed to provide various

communi cati on servi ce&CRO§H- REEEBEM Evoi ce, video,

E}rhg t dat gy QE@‘E&W L e altﬁpﬁ’le VIRSRAGNS. Isrg{flﬂoﬁglsAm}’cag&l Serial

ded via s ess conmmuni cation sy
Noes®863963, il Nawenter rmI(I(]6pb1&tthC‘e$ME§yKD19 let) mathRATUS

FARARES SEajGRTNiAS %ﬁﬁ%@@i@ib@ﬁgﬁﬁﬁ@@@ﬁﬁﬁmm
S¥3TRMES 1 enBHED of FHIchiiPIngo d%ﬁﬂ%%&ﬁhééﬁﬁﬁ%fef&% ude Code

Division Miltiple Access syste
Division Miultiple Access (TDMA) systens, Frequency

Division Multiple Acces tenms, and
Ot hogonal Frequency ué%é%@% e Access (OFDVR)
pyst epfeld [ 0004] When a termi nal enters t he coverage

area of a wirel ess conmuni cati on stem is powered
BWOZbr ot h@hwp@eent disploauneyelb@@@mal 'flOIW/Iéel‘i?&S cameprcagrpns, and

§pef>l to tgchn(? ueg ?orr X 1%% cefl <SRRG MR co nrrnumcatlon
I n| searc pro e ure econe operational 1n

g}l@&m,system During a cell search procedure, a
termnal typically perforns tinme and frequency
synchroni zation with the system Further, a term nal

]hypi cggjﬂé{hgﬁ@t ifies a cell in which the termnal is

ocate other critical systeminformation, such as
0dM dt h snckld¢ss aommunicatio@sytsemimsare oniddlg dedoyains proMiie various
gooncl)r%/ulcl)lsczgogngsefvcl:ge/s %%qgsza{n%g 3\720?076 video, packet data, broadcast, and
messaging services may be provided via such wireless communication systems. These
systems may be multiple-access systems that are capable of supporting communication
for multiple terminals by sharing available system resources. Examples of such
multiple-access systems include Code Division Multiple Access (CDMA) systems,
Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access
(FDMA) systems, and Orthogonal Frequency Division Multiple Access (OFDMA)
Systems.
[0004] When a terminal enters the coverage area of a wireless communication
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cell in which the terminal is located and other critical system information, such as

bandwidth and transmitter antenna configurations.
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bandwidth.

[0008] Another aspect relates to a wireless communications apparatus that can
comprise a memory that stores data relating to a system bandwidth and a subset of the
system bandwidth known to a user device. The wireless communications apparatus can
further comprise a processor configured to generate a reference signal having a common
portion centered on the subset of the system bandwidth known to the user device to
facilitate detection of the reference signal at the user device independent of the system

bandwidth.
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[0013] According to a further aspect, a wireless communications apparatus is
described herein that can comprise a memory that stores data relating to a known subset

of a system bandwidth. The wireless communications apparatus can further comprise a
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These aspects are indicative, however, of but a few
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embodiments 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 disclosed embodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments may be employed. Further, the disclosed embodiments are intended to

include all such aspects and their equivalents.
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[0027] FIG. 10 is a block diagram illustrating an example wireless

communication system in which various aspects described herein may function.

[0028] FIG. 11 is a block diagram of an apparatus that facilitates construction
and transmission of a reference signal in a wireless communication system.

[0029] FIG. 12 is a block diagram of an apparatus that facilitates acquisition of

signals for use in connection with a cell search procedure.

DETAILED DESCRIPTION
[0030] Various aspects 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 aspects. It may be

evident, however, that such aspect(s) may be practiced without these specific details. In
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station, a personal digital assistant (PDA), a handheld device having wireless
connection capability, or other processing device connected to a wireless modem. A
base station (e.g., access point) can refer to a device in an access network that

communicates over the air-interface, through one or more sectors, with wireless

terminals. The base station can act as a router between the wireless terminal and the rest
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a particul ar geographic area used herein an
and/or another appropriate network entity. Each base station 110 provides

communication coverage for a particular geographic area 102. As used herein and
generally in the art, the term “cell” can refer to a base station 110 and/or its coverage
arca 102 depending on the context in which the term is used.

[0036] To improve system capacity, the coverage area 102 corresponding to a
base station 110 may be partitioned into multiple smaller areas (e.g., areas 104a, 104D,
and 104¢). Each of the smaller areas 104a, 104b, and 104¢ may be served by a
respective base transceiver subsystem (BTS, not shown). As used herein and generally

in the art, the term “sector” can refer to a BTS and/or its coverage area depending on the
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to allow the base stations 110 to communicate with each other as needed. In one
example, system controller 130 can additionally contain one or more connections to
multiple networks. These networks may include the Internet, other packet based

networks, and/or circuit switched voice networks that may provide information to

and/or from terminals 120 in communication with one or more base stations 110 in



by enpl oying a systemcontroller 130 that can be
coupled to one or nore base stations 110 and provide
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Additional |y and/or alternati vely, the system
Bl dt h bemobier dkampledbasnstatiamel l9randteranifiale tifemeystem 100

carriers,. etaﬁh of. whi ch may L :
can commudicate data using on¢ or mofe data channels and signaling using one or more

control channels. Data channels utilized by system 100 can be assigned to active
terminals 120 such that each data channel is used by only one terminal at any given
time. Alternatively, data channels can be assigned to multiple terminals 120, which can
be superimposed or orthogonally scheduled on a data channel. To conserve system
resources, control channels utilized by system 100 can also be shared among multiple

terminals 120 using, for example, code division multiplexing.



contain one or nore subcarriers. System 100 may al so
utilize a conbination of nultiple-access schenes,
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base stations 110 and termnals 120 in system 100 can
communi cate data using one or nore data channels and
signaling using one or nore uontrol channels. Data
channels utilized by system 100 can be assigned to
active termnals 120 such that each data channel is
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tinme erval (TTl) boundaries, and/or other timng
fraquomey exference for uphnk transmissions. A terminal 250 can additionally acquire
other system information necessary for communication in system 200 during cell
acquisition, such as the identity of base station 210 and/or a cell within a coverage areca
of base station 210 that services an area in which terminal 250 is located, system
bandwidth, antenna configurations used at base station 210 and/or cells within base
station 210, cyclic prefix (CP) durations utilized within system 200, and/or other
parameters.

[0044] In another example, system parameters can be provided to terminal 250

during cell search by base station 210 via cell search information signaling 230. This



utilized by system 200. Further, a term nal 250 can

perform frequency synchroni zation wth system 200
w@eaBos78kase station 210 during cell search toPGEDYSI00E(83267

for exanple, a carrier frequency utilized for

downl i nk transm ssion so that it can be used as a

frequency reference for uplink transm ssions. A

term nal 250 can additionally acquire other system

i nformati on necessary for conmunication in system 200
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classifiers, such as methods referred to as “neural network™ methodologies, fuzzy logic
methodologies, and other approaches (that perform data fusion, etc.) in accordance with
implementing various automated aspects described hereinafter.
[0047] In accordance with another aspect, cell search information signaling 230

and/or other signals can then be received by terminal 250 via a receiver 252. These

signals can then be provided to a processor 254 and/or an extraction component 260 to
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can be transmitted on, for example, a primary synchronization channel (P-SCH).
Further, a PSC can be common to a wireless communication system or can be
individually tailored by entities in the system (e.g., base stations 210) to convey system
parameters as discussed in more detail infra. Additionally, a PSC detected as illustrated
by block 302 can be utilized to obtain rough timing information for a system, such as
OFDM symbol, slot, and subframe time boundaries and/or other suitable timing

information.



results obtained from coherent and/or non-coherent
detection over given synbols and/or tine periods,
wa@leasosisen of a given signal can be conpl et ed BYI/US2007/083267

perform ng coherent and/or non-coherent conbining

over a series of synbols and/or tine periods. [0049]
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can then be detected, as il'lustrated by bl ock "304
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[0053] In accordance with another aspect, a PSC and/or SSC detected at blocks
302 and 304 of cell search procedure 300 can be constructed to include system
information in order to aid a terminal in detecting a reference signal and/or a broadcast
channel at blocks 306 and 308. For example, a PSC and/or SSC can be configured to

include information regarding a number of transmit antennas present at a cell from



event that a SSC provides only a cell group ID. In

addition, a reference signal can be used to provide
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infra. Procedure 300 can then continue as illustrated

at bl ock 308 by denodul ati ng signals received over a

br oadcast channel (BCH), suchidas a primary broadcast

channel (P-BCH). Signals received over the broadcast

channel can include further information regarding the
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exaarneri informeatios igadingAbe aubergif yectim ooived e adfodetthean be
Qrﬂpg{sded %{to tar[%%s{ﬂdt/or ﬁ%aﬁmﬂgrel%aﬁner tt% QLS a#IOItl If]e rggrdlng the
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Fllot tones present in the reference signal to aid in
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served by a given Nod e.g., a base station

Refspriieiten s cogmelos ffeqnem‘afdiaod orvictl iquisitioe! Howevarekﬂ infprmation
%ggpd(?nezg s%ls‘ge%lnbanfdgvrldtg 18 &%Vl%ed prior to detection of a reference signal and/or
demodulation of signals over a broadcast channel as illustrated by blocks 306 and 308,
reference signals and/or the broadcast channel can be made able to use bandwidth
beyond the common frequency band for cell acquisition. As a result, more information
will be capable of transmission via the reference signal and/or broadcast channel, which
can result in faster and more effective cell acquisition. A PSC and/or SSC can be
configured to provide a precise bandwidth utilized by the system. Alternatively, a

bandwidth can be specified within a range (e.g., whether the system bandwidth is less



be mul ti pl exed using code division nultiplexing (CDV
to share tine and/or frequency resources. Therefore,
wopwslossge of the nunber of sectors served by BCINOS®0B083267
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structure 400, a frame can be arranged as a series of
%Irgurp{z‘er.

[0058] In accordance with another aspect, in a synchronous system,
transmission structure 400 can be replicated from cell to cell. Therefore, if PSC and
SSC locations within a radio frame are fixed, PSCs that are the same as those utilized by
other cells can experience a “single frequency network” (SFN) channel. As a result, a
mismatch can be present between the phase of the cell-specific SSC and the cell
common-PSC. Because of this, various signal detection techniques can be utilized. For

example, a SSC can be non-coherently detected such that corresponding PSC is not used



time, one or nore of which can be used for

transm ssion of signaling and/or shared data. |In one
W@eP599 a cyclic prefix utilized by a w rel eBGI/US2007/083267

comuni cation systemto mtigate interference

resulting from OFDM can be determ ned by a term nal

during cell search based on i;mformation provided in

one or nore subfranes in a downlink frame such as the

frame illustrated by structure 400. [0057] Structure
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conveyed, either explicitly or inplicitly, fromthe

Welilzta W cai gletgingfifosipeat sladting te timagehd neqiicagr smsh®aBation
and/or other system parameters from a PSC and/or SSC at blocks 302-304 of procedure
300 to enable the UE to become operational in the system, the UE may still not be
aware of the system bandwidth at the time a reference signal is to be detected unless
system bandwidth information is provided in the PSC and/or SSC. However, reference
signals are often uniquely defined for a given system bandwidth to span the entire
bandwidth. As aresult, a UE can be required to test multiple hypotheses corresponding

to possible system bandwidths to detect the reference signal if it is not aware of the

system bandwidth prior to detection. Accordingly, a reference signal can be constructed



560. [0060] In accordance with one aspect, diagram 510
in Fig. BAillustrates a cell search bandw dth that
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[0064] Similarly, Fig. SB illustrates techniques for constructing and transmitting
a reference signal in the event that complete or partial bandwidth information is
provided prior to reference signal detection. In accordance with one aspect, diagram
540 illustrates a scenario where complete bandwidth information is provided to a UE
prior to reference signal detection. In such a case, the reference signal can span the
entire system bandwidth without requiring the UE to test bandwidth hypotheses due to
the fact that the UE already has complete knowledge of the system bandwidth.

[0065] Alternatively, diagrams 550 and 560 illustrate techniques that can be

employed in a scenario where only partial bandwidth information is provided to a UE



aspects when bandwi dth information is not provided
prior to transm ssion of the reference signal. As
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prior to reference signal detection. In accordance
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diagram 620 in Fig. 6B illustrates an example reference signal structure that can be
utilized by a cell having two transmit antennas. As illustrated in diagram 620, each
transmit antenna can alternate in time between transmitting pilot symbols at a first set of

frequencies and a second set of frequencies in a similar manner to the single transmit

antenna illustrated by diagram 610.



illustrated in diagrans 520-530 of Fig. 5A. Ot herw se,
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cell search is identified within a system bandwidth. In one example, a system in which
methodology 700 can be performed can be capable of operation using multiple system
bandwidths. However, until a terminal or other device is informed of a specific
bandwidth at which the system is operating, it cannot efficiently communicate in the
system. Thus, a frequency band can be used for cell acquisition at block 702 that is

independent of a particular bandwidth used in the system. By way of example, the
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by diagrams 520 and 530 in Fig. SA. Because, as noted above, the common frequency
band identified at block 702 is independent of system bandwidth, generating a central

portion for a reference signal at block 710 on the common frequency band guarantees



that can be conveniently divided fromnultiple system
bandwi dt hs. [0070] Met hodol ogy 700 can then conti nue
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erein a primary synchronization code (e.g., PSC 232) is received on a common
frequency band used for cell search operations. In one example, a system in which
methodology 800 can be performed can be capable of operation under multiple
bandwidths, and as a result a common frequency band of 1.08 MHz, 1.25 MHz, or
another suitable size can be provided for communication of the PSC at block 802 as
described with respect to methodology 700. Next, at block 804, a secondary
synchronization code (e.g., SSC 234) is received. If the PSC received at block 802

provides bandwidth information, the SSC can be received at block 804 on a frequency



that a terminal wll be able to receive the central
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whpwssmsge of system bandwi dth. [0072] Upon geP@r/E$10n7083267

a central portion for a reference signal as described
at bl ock 708 or block 710, nethodol ogy 700 can
proceed to block 712, wherei 22 he generated centra
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proceed from block 806 to block 810, wherein a reference signal is received on the
common frequency band utilized for the PSC at block 802.

[0076] After performing the acts described at blocks 808 and/or 810,
methodology 800 can conclude. Alternatively, methodology 800 can proceed to block

812, wherein the overall system bandwidth is determined based on the received
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W@L®8/05899 recei ved at bl ock 804 on the commopn PCHYSNTY83267

band on which the PSC was received at bl ock 802.

[0074] After receiving a PSC and SSC as descri bed at
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performng the acts described at blocks 808 and
gioifically to Fig. 9A, a flow diagram of a first methodology 910 for detectlng and

processing a reference signal is illustrated. Methodology 910 begins at block 912,
wherein coherent detection is performed for a reference signal over a series of time
periods for one or more hypotheses. In one example, coherent detection utilizes a fixed
channel reference obtained from another channel (e.g., a channel on which a PSC 232
and/or SSC 234 is transmitted) to locate pilot tones that constitute a reference signal in
frequency. These tones can then be summed for each time period and hypothesis to be
considered at block 912. Next, at block 914, coherent combining is performed across

the time periods for each hypothesis considered at block 912. More specifically,



nmet hodol ogy 800 can conclude. Alternatively,
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reference signal. If a reference signal received at
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determi ned at block 812 based on this information.
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[0081] Referring now to Fig. 10, a block diagram illustrating an example

wireless communication system 1000 in which one or more embodiments described

herein can function is provided. In one example, system 1000 is a multiple-input

multiple-output (MIMO) system that includes a transmitter system 1010 and a receiver

system 1050. It should be appreciated, however, that transmitter system 1010 and/or
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that constitute a reference signal in frequency.
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at bl ock 914, coherent conbining is perfornmed across

the tinme periods for each hyptt hesi s consi dered at

bl ock 912. More specifically, WO 2008/ 057899
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and process a respective symbol stream to provide one or more analog signals. Each
transceiver 1022 can then further condition (e.g., amplify, filter, and upconvert) the
analog signals to provide a modulated signal suitable for transmission over a MIMO
channel. Accordingly, Nr modulated signals from transceivers 1022a through 1022t can
then be transmitted from Ny antennas 1024a through 1024t, respectively.

[0084] In accordance with another aspect, the transmitted modulated signals can

be received at receiver system 1050 by Ng antennas 1052a through 1052r. The received
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processor 1018.

[0086] Back at transmitter system 1010, the modulated signals from receiver

system 1050 can then be received by antennas 1024, conditioned by transceivers 1022,
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common cell search frequency band within a system bandwidth, a module 1104 for
constructing a reference signal that spans the system bandwidth by generating a central
portion of the reference signal that spans a predetermined amount of the system

bandwidth and extending the central portion to any remaining portion of the system
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@ mémory contents. Information, arguments, parameters, data, efc. can be passed,
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[0091] For a software implementation, the techniques described herein can be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes can be stored in memory units and

executed by processors. The memory unit can be implemented within the processor or
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techniques. [0088] Fig. 11 illustrates an apparatus
wa1@8/osisae facilitates construction and transP@BEEEN7/083267
of a reference signal (e.g., RS 236) in a wreless
comuni cation system (e.g., system?200). It is to be
appreci ated that apparatus 1180 is illustrated as
i ncluding functional blocks, which can be functiona
bl ocks that represent functions inplenented by a
PUOGEEDQfe pRESYREPwh RN cBsGPER Mdrﬁﬁuﬁlbaﬁfv%gf coﬁlglea to the
firmaare). Apparatus 1100 can be i npl enent
Nodess® (ie varioushasams 8¢ sthinowndd e anhd/ or anot h er
itable n ent,it can incl ude uIe 1102
L2 G R R TR S ol R B
§bts SRAE, OF chiirgd lﬁ%ﬂﬁc)/ssm d%éﬂﬂe%v@ry%%&ﬁ%tﬂ@é&ﬁblﬂﬁtﬁbn of
a nodul e 1104 fo constructlng a reference signal
£TARONSPEIPS mdﬁl@dgy@férfmbmweelp dwﬂ@l@g éheaafpwgleatloned aspects,
nt r.al rii the ref [ at
%lr%e e tog ro%ﬁrg iy slg ﬂolﬁ frt] e arf catnhrego%/% e%hatc’[ ﬁ’ CfWI Eﬁ coﬁt%?}la’?’loﬁ‘s and
parhRidiong of Raiotie Afedls ApOpdssidIe. t&cc@minglg}mb ﬂb@s@b@@ agpeot@ are
of the systen1mo 2008/ 057899 PCT/ US2007/ 083267
argas &r embrasgialhsush difrtion sodificatipanang Vtaﬂaﬁgn&thét fall within the
e
R e R L DRSS R R S
‘amqlud-”tls asedah eslhagniad éetalfedrdemtllon o€ drendditis psucimtdrin ia intended

ceII search rocedur e. is to be appreciated that,
osaipglteiye mlgé‘@mil%r Sif{”lleﬁé? thet N ACOMRIYRE 4 g CORY B i
&gi%d Wi A8RdR] ft%%ﬁﬂoﬁél%or@&& KRih N th GRREE IR ferm
tions I Ie nted by a processor, software, or a
dUﬁ‘bS ngediio nlthéreh@&talle(daiegcmptfommm CéalmSApp)amattu $c 2200n-
can be inplenented in user equipnent (e.g., a
P 250) and/ or anot her suitabl e network entity
and can include a nodule 1202 for receiving a primary
synchroni zation signal (e.g., PSC 232) on a conmon
cell search frequency band, a nodule 1204 for
recei ving a secondary synchroni zation signal (e.g.,
SSC 234) on a conmon cell search frequency band or a
frequency band specified by the primary
synchroni zation signal, a nodule 1206 for receiving a
reference signal (e.g., RS 236) centered on the
conmon cell search frequency band or a frequency band
specified by a synchronization signal, and a nodul e
1208 for obtaining system bandwi dth information from
the reference signal. [0090] It is to be understood
that the aspects described herein can be inplenented
by hardware, software, firmare, m ddl eware,
m crocode, or any conbination thereof. Wen the
systens and/ or nmethods are inplenented in software,



firmvare, m ddl eware or m crocode, program code or
code segnents, they can be stored in a
WOore@Bi0si89y eadabl e nedi um such as a storage coPEDES297/083267
A code segnent can represent a procedure, a function,
a subprogram a program a routine, a subroutine, a
nodul e, a software package, &l ass, or any
conbi nation of instructions, data structures, or
program statenents. A code segnment can be coupled to
anot her code segnent or a dja(g@gre circuit by passing
and/ or receiving information, data, argunents,
paraneters, or nenory contents. Information,
ment.s, paraneters, data, etc. can be passed,
ﬁ&@ﬁ?dg? transmtted using any suitable means
i ncl udi ng nenory sharing, nessage passing, token
passi ng, network transm ssion, etc. [0091] For a
sof t whr e | Aphethedhfaicpoyituctinga refelsnequigral des vilckpes
her ei n. nb i npl nted with nodul es (e.g.
%F%cg ﬁ%%gfggﬁﬁEEB%’gfn'nd so on) that pérfgrn1the

f unct p@nsatiigchREhoResEion a rdibRnsO§i LAY Be ¢OARS p6@idn BFans a
stored in nennri units and. executed by processors.
B

fraqucheyrbind thaf is keewn Kea feipinahiont bigh fetrafesencr signal is to be

RLAGEREPANECS 2 W2 POBL 2 %9&65% 4044983267 29

external to the processor; In which ¢ase it can be

comugtrcedtingel rgfecoiep kedalttaséchen thpreonassd centiah pgaionauch that the
ans as is known in the art. [0092] Wat has been
SRRk Bve eﬁeﬁah%vége%ﬁml -of one or nore

aspects. It is, of course, not possible to describe

every concei vabl e conbi nati on of conponents or

met hodol ogiles micthod i claos ds whercdethe igemiratgng dueeference signal

af orenenti oned aspects, .bu ne of ordinary.skill in
PHEPERY Bl B R geeare o (i pRLEY BEfindbes grgheced
8diral PREIOH b 1RO Bt fsyMamhitangwRgPect s are possi bl e.
Accordingly, the described aspects are intended to

enbrace all such alterations, nodifications and

vari ati ons t.fall- wthin irit..and sc f

he abpenali ArdeRet Hbiln Bk s RS A RORE Bl

tdiepriRk fencratigd thelasereh& digRdl at 1ag it peet by Baektit@ible@dnerated

description or the clains, such termis intended to

gratiahpgriien getthe otatansien bapdwidt to the term
"conprising"” as "conprising” is interpreted when

enpl oyed as a transitional word in a claim

Fur t hér nor he tethotl @f klaihi dr Whasinuthe dentral pottivarspadser default
etail ed descri tiﬂn or, the clains is neant to be a

TRgEncy Rid psed forgell-seafgh opBRIYS 7899 PCT/ US2007/ 083267
30 CLAI VB

5. The method of claim 1, further comprising transmitting one or more
synchronization codes to the terminal, the synchronization codes provide information

relating to the total system bandwidth.

6. The method of claim 5, wherein the information relating to the total
system bandwidth comprises a comparison of the total system bandwidth to a

predetermined bandwidth threshold.



What is clainmed is: 1. A nmethod for constructing a
reference signal in a wreless conmmunication system

W@ 9p5sINg: generating a central portion for BCT/US2007/083267
reference signal, the central portion spans a
frequency band that is known to a terminal to which
the reference signal is to be3dltransmtted and is a
subset of a total system bandw dth; and generating a
reference signal based on the generated centra
portion sugfe fdodlorelaith %f FheR&Pthe ﬁrﬁﬂﬁﬁatﬁ)‘ﬁq’@ﬁtlﬁgﬁ) the total
total system bandwi dth. 2. The nethod of claim
mmbmdwhéthgedteatai thagtha totdfsestemd:eméwghlais grcatﬂtthms@sequal to

Sl e g P G o B o el s o

fr@a@lncys ¥ SiEBrRINT L B the?preattemttﬁédt%dqﬁdtﬁ e gRold.

wherein the generating a reference signal conprises
generating the reference S|gnal at least in part by

ext engil ng Il"ﬁegtgﬁtn ! gt agm z? Pﬂ% e%tt ?E férn?#)tlo%\{rglatlttl f the total

t ot al system

wWemebahdigthdeditdtad th@totht: kil sypamShaadWefiaiy lbss tﬁd&emuency
band used for cell search operatlons 5. The net hod of

predetaimined bgndpadthdbiepiald prethe eaneraicd cpmftpl 6ABIoBSPHsrageommon
SytﬂfeﬁE}Q Bé se& %r%%ﬁ%éar&?oéé}gt 8 m nal, the

roni zation co nf or mat i on relating to
the total systentbandmndth 6. The nethod of claimb5,

wherejin the inf n relating to.the total
bandwdt h %e q@ga agip dp irtheh ratrltltﬁeﬂt%ttlng%ﬂtr@ rence

g% Wh&ﬁﬁehﬁd% m@ﬁﬁ%ﬁ&@&ﬂhned bandwi dth threshold. WO
2008/ 057899 PCT/ US2007/ 083267 31 7. The method of

claim6, wherein the |nfornat|on relatlng to the t ot al

ng‘ge- ? ﬁnﬁlﬁﬂ E‘ZQ ? f ﬁs &‘Q%Eihitg%i’%g 1310% spans abandw1dth of

poeagter m ned bandmndth t hreshol d and the gener at ed
central portion spans a frequency band correspondi ng
to the predeterm ned bandw dth threshold. 8. The

met hod, of £ h f s [ Q.
B A L LR
$2$@@Hkbandmndth is less than the predeterm ned

bandwi dth threshold and the generated central portion

spans a conmon frequency band used for cell search
Oper aj$ ONSa wireless communications apparatus, comprising:

a memory that stores data relating to a system bandwidth and a subset of the
system bandwidth known to a user device; and

a processor configured to generate a reference signal having a common portion
centered on the subset of the system bandwidth known to the user device to facilitate
detection of the reference signal at the user device independent of the system

bandwidth.

13. The wireless communications apparatus of claim 12, wherein the
processor is further configured to generate the reference signal by generating the
common portion of the reference signal as a two-dimensional block in time and

frequency and expanding the common portion such that it spans the system bandwidth.



9. The method of claim1, further conprising
transmtting the reference signal over the total
waygsesmskandwi dt h. 10. The net hod of claim 1, PBED810N7/083267

the central portion spans a bandwi dth of 1.08 MHz.
11. The nmethod of claim 1, wherein the central portion
spans a bandwidth of 1.25 M2 12. A wireless
comuni cati ons apparatus, conprising: a nenory that
stores data relating to a system bandwi dth and a
subsefq 0of Thewisks! EMABRAMHS RpKRNE of Qaftn Y$ & herein the
devi ce; and a processor conflguFed to generate a
peitessenis durthey wanfigaed togexpambtimonmpmntjooimon afeht sfednarsignal by
ﬁﬁe ﬁébset of the system bandw.dth kngwn to the user
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signal at the user device independent of the system
bandwi dth. 13. The wirel ess conmuni cati ons appar at us
of cl &b.m 12he wireless epramunicyrans epgasptup of ¢laym harwherein the

onfi qur ed er t.h ference signal .
ERTIE TR STGHRLD ad B BAIER R BN R eereregseionat by
Béncating@x tinBBASIoahétorands pottiontih fiRqaidy shete@eRe Yordhdn
expandi ng the conmon portion such that it spans the
BYI$ioR 0 Hecarnerivd CVIONSI0UBINDE B0 SPEThUdRabY) 083267 32
14. The wirel ess communi cati ons apparatus of claim 13,
wherein the processor is further configured to expand
t he coémonThowirclers afmmheicatefng apparatus bfjclaim by, whdrdin mige subset

t conmon rtion in frequency aver, fhe system

Bgfﬁa SR DAY oty BIGSST SOt St ASIUH)G¥ Papd used for
gﬁlggﬁ%Q@QQﬁom@erein the processor is further

configured to expand the conmon portion of the

reference signal by generating extensions to the

i .in f CV. h t hat . )
o P b SRl PSS Bt o6 0 B o
Raqebat@bihd dsBd forftel1\Wedreh 85§ aesHIPM G dn @R EItRBP RO MY .

of claim 12, wherein the subset of the system
bandwi dth known to a user device is a default

fr equency Bangaeded o, &okl, SEALGN: 8PALAL L6 erdf the defaut

The wir'el ess” conmuhi cat i ons app us o

AbQUcAL N bitteusde fadetl scdrtieapenionsipnd dusadwidh of €2 MHz.
search operations spans a bandwi dth of 1.08 MHz. 18.

The wirel ess communi cations apparatus of claim 16,
wherej g thepdet Akl communications apparatus of claim 12, wherein the

memory further stores data relating to one or more synchronization signals that provide
information relating to the system bandwidth and the processor is further configured to

transmit the one or more signals to the user device.

20. The wireless communications apparatus of claim 19, wherein the signals
provide an indication that the system bandwidth is greater than or equal to a bandwidth
threshold, thereby causing the subset of the system bandwidth known to the user device

to be a frequency band corresponding to the bandwidth threshold.

21. The wireless communications apparatus of claim 19, wherein the signals

provide an indication that the system bandwidth is less than a bandwidth threshold,



frequency band used for cell search operations spans a
bandw dth of 1.25 MHz. 19. The wi rel ess conmuni cati ons
wapEansmses of claim 12, wherein the nmenory fuPChEs2007/083267
stores data relating to one or nore synchroni zation
signals that provide information relating to the
system bandwi dth and the procissor is further
configured to transmt the one or nore signals to the
user device. 20. The wirel ess conmuni cati ons appar at us
ér%'aﬁ@n:@the Miﬂe@bf‘th& tSth B@dSi dtHRERWAS B luser device to be a
|nd| atiron that the systembandwi dth is greater than
comequ dilequanca bbachussiddohcelltdeqeisitiohd, t her eby causi ng
the subset of the system bandw dth known to the user
device to be a frequency band corresponding to the
bandwpglt h trhe &%@e&ﬂcor&%unllaﬁ)nwa?ﬁiret%§ oPélHHEU N2 GAtdr8AShe
apparatus of claim19, wherein e signals prOV|de an
pl‘r@de&salt is cﬁmthem aonﬁmect@smetmcbmmwﬁlw <i>fsth¢ efereneranigrl to the user
thresh WD 2008/ 057899 PCT/ US2007/ 083267
%%”? %}% ﬁy%%ﬁiuﬁ%WPﬁh subset of the system bandw dth
known to the user device to be a common frequency
band used for cell acquisition. 22. The wirel ess
commu#i-cat PSIEPHpPah teilgntes rell $RA¥BItIORHB RV iFFlgss gommunication
further configured to instruct
%ﬁg%gﬁ?ﬁ@lkﬁgof the reference signal to the user
devi cacam fohgereyaingr rofenchok dignal fBBtraﬂmimimwbai tasmihhledt least in

facjlitates cell acquisiti n |n a wre
%héﬂ BFICRRING T COBFBPILERCIER, he &5 ﬁ@nc%gzﬁaz opgya frequency band

REREL R thd %rﬁlﬂa?(xﬁthﬁﬂ@%s%ngﬂﬁ{dv&fl@tﬁ ahll ?B%@nﬁﬁg M op&affon selected
termnal at least in “part by generating a co n

frentthogrovp conastmgfad] rcepweg fiegroaima@vsection 6F @q uefacypcdagahl over

the inas sten1b i dt h and
(R Se bbb fngihe B Bedait SR in Ee frfost enal over
engitshivagdWidig @y i ng the common section of the
reference signal over the syst em bandw dt h and

ext endicap fohawsonimg thoraf¢roncepignahte the fasmart eveithnhsystem
? fer i he system bandwi dth; and neans for transmtting
et re erence signal to the termnal over the system
bandw dt h. 24. A conputer-readabl e nedium conpri sing:
code for causing a conguter to generate a reference

si gnaf4 t h8 qoemafcreaiagieghediumseRamHisHE: a syst em
Do AT RO SIS o
$mahingtasdly eteohdiaadtvidoin awd haviey & edremen pert®ingratiercdton a subset of the
system bandwidth known to a terminal to facilitate detection of the reference signal at
the terminal independent of the system bandwidth; and

code for causing a computer to transmit the reference signal to the terminal over

the system bandwidth.

25.  An integrated circuit that executes computer-executable instructions for
designing a reference signal for use in cell acquisition, the instructions comprising:

constructing a common signal that spans a frequency band known to a user
device, the frequency band known to the user device is a subset of a system bandwidth;

and



the term nal independent of the system bandw dth; and

code for causing a conputer to transmt the reference
wWGeR@Rak78p® the term nal over the system bandwr@r/kS2025083267

An integrated circuit that executes

conput er - execut abl e instructions for designing a

reference signal for use in c® | acquisition, the

i nstructions conprising: constructing a comopn sigha

that spans a frequency band known to a user device,

the freguenay m%;e&@%%afﬁ léaﬁﬁm ?trb YiotRingSidperation

subset of a system ban h; 008/ 0 895

R@'ﬁ&dﬂi@@'ﬁh@@@ﬁﬁ Fonsdting o siting dtel qogmamr efel enfrequehgnayer the

part b erform ng an eratijo el.ec
Bt Bt BRt bRt BE et ofhngh Peng RER! i RBeRi NS, e
berhtiHBHABIRY bARYidthtno SIS @R iBA B WGt R ribd m%ﬁ&l%@ﬂh@ Gser
the conmon signal across the system bandwi

@peeat i on enabl es bandwi dt h- agnostic detection of the
reference signal by the user device. 26. A nethod for
performng cell acquisition in a wreless

commupé.cat AQAeth&y Edr@mfoﬁﬁm'? lobl$ bé@iisifistemta Witt1og @ntth@eation
frequency band, the known frequency band is a subset
%ﬁ“%ﬁﬂpgpgﬁmgysten1bandmndth and detecting a

refer Fd%ﬁt?l i g%i‘l@ﬁov&rﬂﬁéq&ﬂ%ﬁﬁan‘dhﬁletk%% ﬁse}iﬁ&fcg‘tb%&‘ ?sVHf Gt of a

at | east Iving a centra
tone syatmrbandweiddi;gndl that spans the known frequency

ngﬁt ﬂ%ﬁ;‘ftﬁléha:f € %{?&% %él&dgétﬁsé&lsztgg %q%%% ttgaggwidth at least in part
bHRREN DEndabsirabh bf fhe @&H&ﬁ&é/mgﬁﬂ Gh S Y kefelild frequency

acqui sitton operations. . net ho f claim?2

inel ein the identifying a knomn frequency band
conprises:. receiving one or nore synchroni zati on codes
on a default frequency band used for cell acquisition

oper apy.onsThanthod & tiaini 26 Qwhé‘[%mktﬁ@ ‘M&nﬁﬁﬁ%@ﬂﬁmbﬁf&ﬂwncy
based on the synchroni zati on codes. e nmet hod of

bangli qpragiscsiidentelly metardefaudieiieduenehpngd usebion cell aefvetiidgn
&&ngﬂgrther conpri ses:

28. The method of claim 26, wherein the identifying a known frequency
band comprises:

receiving one or more synchronization codes on a default frequency band used
for cell acquisition operations; and

identifying the known frequency band based on the synchronization codes.

29. The method of claim 28, wherein the identifying a known frequency
band further comprises:

obtaining an indication that the system bandwidth is greater than or equal to a
threshold bandwidth; and

identifying the threshold bandwidth as the known frequency band.

30. The method of claim 28, wherein the identifying a known frequency

band further comprises:



obtaining an indication that the systembandwi dth is
greater than or equal to a threshold bandw dth; and
WO d@ansByd ng t he threshol d bandw dth as the kne@rUS2007/083267
frequency band. 30. The nethod of claim 28, wherein
the identifying a known frequency band further
conprises: WD 2008/ 057899 PCT3US2007/ 083267 35
obtai ning an indication that the system bandwidth is
| ess than a threshold bandw dth; and identifying the
thr eshagl.ghihans ot i - ga@auaahdmmthmmﬁsg
for cell qui sition operations . The nethod of
bargivwmdth6and ur t her conpr|S|ng determ ning the system

g?gg\g’lﬁfjt A bag'[tﬁd i Eﬁﬁ%lfil gqtgaﬁ,%hfépef%ﬂtﬁe@l%%&{ ad used for cell

g&ifﬁﬁdﬂu%eﬁnﬁﬁﬁerence signal conprises: performng
erent detection for the reference signal over a

series of predeterm ned uniformtime periods; and
cohergntly£0 ni bt dframth
conor ahit SAEREIE PR 6" e trbs B Bl A 40
pRidMegh Bhasedl AildNsB, parddartte fbférbﬁcecbeg@q:tl ng a reference
signal conprises: perform ng coherent detection for
the reference signal over a series of predeterm ned

uni f 05%” ti *i‘ﬁ? Hl%{ﬂog%?cl gﬂ%??\glﬂer%ﬁqﬁé Sﬁ‘eétﬁlﬁtca"r’g%réﬂc%%lal

partial results obtain e cohere tect

eanmssst he tinme periods. 34. The nethod of cIa|n126
wherei n_t he detecti re erenc si gnal ri ses:
per f oP?ff‘?’EB“%‘r‘Phéfﬂﬁ‘éE%ﬁ‘Etm&’é{)%@ﬁ Py SIZh ot Lrsiee at

ﬁﬂe&@t@hnﬁé’@ﬁn@orﬁ?t‘iﬁl@%el%ds piedet ermi ned uniform tine
eriods; and non-coherently conbining partial results

obt ai mrwl&mnﬁmm@pam@lhemémobtathtdéMm the ebriessddténtion across
ﬁ% (feri ds. 35. A wireless comuni cations apparatus,
e ariegs

33.  The method of claim 26, wherein the detecting a reference signal
comprises:

performing coherent detection for the reference signal over a series of
predetermined uniform time periods; and

non-coherently combining partial results obtained from the coherent detection

across the time periods.

34. The method of claim 26, wherein the detecting a reference signal
comprises:

performing non-coherent detection for the reference signal over a series of
predetermined uniform time periods; and

non-coherently combining partial results obtained from the non-coherent

detection across the time periods.

35. A wireless communications apparatus, comprising:

a memory that stores data relating to a known subset of a system bandwidth; and



a menory that stores data relating to a known subset
of a system bandw dt h; and WO 2008/ 057899

wWOEQNBSBOD7/ 083267 36 a processor configured POT/US00T083267
a reference signal that spans the system bandw dth at
| east in part by detecting a portion of the reference
signal that spans the known Xubset of the system
bandw dt h. 36. The wi rel ess comuni cati ons appar at us
of claim 35, wherein the known subset of the system
bandw, gt faciss GorfiRATTERN ReRew AkhelQrsidal hab§ahShe syst
si gnal g 3 S. ' he "W reoess cormu?n ca%%honsa SE%ar atelﬁsS %m
bdralwidtB it lea,kten @i by lletekimygwnporsioh o€ theat fetdmee sigaalghat spans the

ri ses 1.08 38. The wirel ess
Rttt S AB R etBt "ot aim 35, wherei n the
known subset of the system bandw dth conprises 1.25
MHz. 39. The w rel ess comuni cati ons apparatus of
cl ai i385, Whewealcless epanmppigeitons Rpparkas oselameds.dehegein the known
su%lsgtt Ifn 1?6h§ Ricth lg%ldlwlc%tﬁar Clgorgl%ng\%rg&vvldﬁlnf%r QFse%rc% naPs.
Ur Pecont ureés%o receive one or
synchr oni zati on SI gnal s over the cell sear ch
bandwi dth and to obtain the known subset of the system
bandwd @t h bBgwérclsss eaemuigaians gaparaiup ehclaing Az vehergip the known
%@etvﬂfrt éﬁé&n‘r‘%ﬁw 'dtﬁ%Bfn?fl?esai s of claim 39,
ereint synchroni zation signal's conprise an
i ndi cati on that the system bandwi dth is greater than
or eq a th eshol d and.the roces or.is_further
conf i Sgr ed ThoWi %%?mglela%twé argfis pf @a%?%wﬂzfaﬁa the known
SNSRI s{éﬁlﬁﬁld(wh@chtcb ?ﬁ&%‘ldzsaﬁlﬁi‘e known subset of
the syste bandw dth. 4 The wirel ess comruni cati ons
appar at us of claim39, wherein the synchronization
signa rise . an indication that t system .
et b T8¢ PSS serm SRS ehB s A B rscin e
memlowy f@er &Rk a8t Oto &I desilch Bhdvdideh Aid thoBroe&lsbr is
search bandw dth as the known subset of the system
Bathgnsafiguroden 2698/C057 89 NOPCTYNIBROOAIO8 g2Bas 0&T thocell search
I

%%W\Aﬂitilea {10 o&%‘i‘(}ggg@r Iligu%ﬁetaaﬁ goﬁ}ﬁaélgr e(gh B on the
Qbeicﬁfdﬂizraﬁoﬁhl@naystem bandw dt h based at least in part
on the reference signal. 43. An apparatus that
facilitates detection of a reference signal for cell

40. The wireless communications apparatus of claim 39, wherein the
synchronization signals comprise an indication that the system bandwidth is greater than
or equal to a threshold and the processor is further configured to instruct storage of a
frequency band corresponding to the threshold as the known subset of the system

bandwidth.

41. The wireless communications apparatus of claim 39, wherein the
synchronization signals comprise an indication that the system bandwidth is less than a
threshold and the processor is further configured to instruct storage of the cell search

bandwidth as the known subset of the system bandwidth.



acquisition in a wreless comunication system
conprising: nmeans for receiving one or nore
W@ y0uslsmsm zat i on codes on a first frequency beempsS2007/083267
means for determ ni ng whet her the synchronization
codes conprise information relating to a second
frequency band; and neans for3*eceiving a reference
signal centered on a frequency band selected fromthe
group consisting of the first frequency band and the
secongh fr eﬂH@%%leQ@é‘tqnmuﬁlﬁald‘ns %gg&%y oPadth 55 ﬁl%‘ér@iﬁtﬂ%‘éj
based at least in part on rm nati on” of
pioecsseryis dimthomicaafi guved w@wnmmme Bpstern bhmtwrdthi bmed at least in part
relati to the second frequency band. 44. A
@Bﬁﬁ&?%%mFggéﬁﬁte medi um conprising: code for causing
a conputer to identify a frequency band on which a
reference signal can be transmtted, the identified
f r eq uélhcy bara@palrgtua tlgm Iﬁ@@lttam detegtismaf agyfsrange signal for cell
%Vco e au3|n a conputer to detect a

eqf“esr eonncnel agigRar CPH““%“ SHRL SYHE sPIE M ™ handwi dt h and
I S Cefeeiisefdr Adeiviiy dnd@ntndre §fhchfoRHaEns YodRvd.a Mt fréfiency
integrated circuit that executes conputer-executable
ructions for performng cell search in a mnreless
COUGRL PR AT I ISLALEEh IS P ATRL LSh Ao informarion
det ermni ng nomn se quency resources
a:le&mgttemsbmmd\ﬂequmwa‘mdd andcei ving a reference si gnal

t hat occuq;es the system bandw dth at |east in ?
det ectCHY 187 FEPMVIMEH GICTeME SHEferRHER! Q1 §HANVIRY alil selected

RERLRE 8RB RohNGIHEIML: B&E r@duenty BAREREMNE &ROMA FEGuency band,

the frequency band is selected based at least in part on the determination of whether the

synchronization codes comprise information relating to the second frequency band.

44. A computer-readable medium, comprising:

code for causing a computer to identify a frequency band on which a reference
signal can be transmitted, the identified frequency band is a subset of a total system
bandwidth; and

code for causing a computer to detect a reference signal that spans the system

bandwidth and is centered on the identified frequency band.

45.  An integrated circuit that executes computer-executable instructions for
performing cell search in a wireless communication system, the instructions comprising;:

determining a known set of frequency resources within a system bandwidth; and

receiving a reference signal that occupies the system bandwidth at least in part
by detecting a portion of the reference signal that is centered on the known set of

frequency resources.



