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TRANSM THWR@433R8 SYNC CHANNEL MESSAGE I N A MULTI - CARRI ER  GOVNISS/@RF3 ON

SYSTEM BACKGROUND OF THE I NVENTION 3 1. Field of the Invention The present

i nvention relates to comunications. Mre,particularly, the present

I nvention relates to a novel and inproved nethod and 10 apparatus for

transmtting and receiving broadcast information in a nulti- carrier CDVA
code
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techni ques for facr litating conmunications in which a |large nunber of
system users are present. Oher nulti pI e access communi cation system

t echni ques, such as tineg %%m Esﬁgygﬁﬁwd frequency
division, nultiple access are novvn int rt wever, the
spread s:bectrum nodul ati on techni que of CDMA has significant advant ages
over these nNEeldbfehetlasitigues for nmultiple access conmunication
systens. The use of CDMA techniques in a nultiple access conmunication

systemis di SC' OFH@ | fhs@n§ me@ﬁﬁah PSated ﬂpéeﬁﬁﬁunﬁﬁttioh%e%oresgﬁﬁﬁflmarly
SPECTRUM |VU | PLE A Tl ON SYSTEM 5 USI NG SATE

TERRESTRI AL theEHRRSERG" “‘"é'é!sti‘b‘heﬂe s He 2, J0V§hedNdr ITRIOYS E}‘th?ﬂvé‘ﬁ‘{“r on,
of whi cto t hgppasehodor erdrivenittihgi andireceiving direddbyst irformertion firreimultiFhe
use of CDMA_ techni i.n [ tipl SS communi cation systemis

furt her di SSGIEA-PIP: EOnfinuly att“ﬁbgyé,gﬁgs, 459, entitled "SYSTEM AND
METHOD FOR GENERATI NG 30 SI GNAL WAVEFORMS | N A CDVA CELLULAR TELEPHONE

SYSTEM',  apsighed £1Re Ret4ie8 the present invention, of which the
di scl osure Peyr% Pkflbsl“lgncor pgrate by reference herein. CDVA has been

standarﬁszed by T}\Qe lS%SSEgH tgﬁ,secgﬁ k}glgﬂrél@y eéégégcr( ﬁmé Rddiigtion

St andar | S- 95A Statron-Base Station

Conpat i bi | i te;chmmrajongrotsaemal teehiques eter Ssilitating: Cymmamications dey ed
to hereaft ecvrﬁgll'aeqifgéehﬁnﬁer bfs i m'@sér§' a8 ﬁﬂﬁﬁﬂﬂ' @hepmuméemess
channel s of ormation transmt froma,co se stati

di sti ngui sheRMmBiion system te ques, such as me gstmn mu t1p e access
(TDMA) and frequency division multiple access (FDMA) are known in the
20 art. However, the spread spectrum modulation technique of CDMA has
significant advantages over these modulation techniques for multiple access
communication systems. The use of CDMA techniques in a multiple access
communication system is disclosed in U.S. Patent No. 4,901,307, entitled
“SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM
USING SATELLITE OR TERRESTRIAL REPEATERS”, assigned to the
assignee of the present invention, of which the disclosure thereof is
incorporated by reference herein. The use of CDMA techniques in a
multiple access communication system is further disclosed in U.S. Patent
No. 5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING
30 SIGNAL WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”,
assigned to the assignee of the present invention, of which the disclosure
thereof is incorporated by reference herein. CDMA has been standardized by
the Telecommunications Industry Association in Interim Standards IS-95A
and IS-95B, entitled “Mobile Station-Base Station Compatibilitv Standard for
35 Dual Mode Spread Spectrum Systems” (referred to hereafter collectively as
[5-95).
In IS95 communications svstems channels of information
transmitted from a common base station are distinguished from one
another by orthogonal spreading codes. Each channel is spread by a unique
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anot her by orthogonal spreading codes. Each channel is spread by a udildifd 2003
WD 00/ 65M8 096519ET 2003 PCT/ USOO 10742 ort hogonal spreadi per/ase/aRsE. The
channels that are transnmitted by an |S- 95 base station include, a pilot
channel, a sync channel, at |east one pag)i ng channel and dedicated traffic
channel s. The pilot channels is used to -provide a phase reference for
coherent denodul ati on of the other channels 5 by nobile stations within the

coverage areangkohliPsPidading 3bihce NMhe ¥ dtb INCh-& Bahbitified by AR

inforrration?ic as timn rr_natlgn, pI set or mat1 on and
ot her i nf orfraPR¥nstakion malyde 2 milof chapnrbma sync ¢hannglnat leastroepaging
channel s. Tdeargagi agdcdediated orafficeshdfiliiid.e That pddt cRind@bi |€ dsggmipat ed
calls directed.to th@ m)bifl e sta,rté)i on.in th arga 10 dh'bcat dtraffic
channel s priAAVade AP sraisiorerse 1ok cahetet femgdujatign of the r chamele
stati onSi n byhenabilee stegéorar evitioin the coasmget aehost. tHen bhse sQtiorWhelhd kgnbase
station se Y |, Message, it shall uses.the. fixed-l|engt
nessage for man%g? %%51%23%5{18%? lfg’rﬂaéll_%n 1s"ﬁ‘:ihelaaitérrtu'ﬂ)?$| INfprOatiois
(' 00000001' 58 effsevafnrmatiorEASdSpies iNf@dBatbh ClhaPNellews ShATFt2pEvd B VE36
LP_SEC8 LT A}QL&R.F.. ﬁﬁgﬁ #]%E e
Pr ot ocol rgé%/‘?gﬂﬁg‘r?ﬂ eve fggég _ﬁ@E% m éﬁ?&(ﬁ#ﬁ?%véﬁﬁe Ige??/[el " The
base stati & Skile termipatady qalispdisoetad tuhee matile ostatiani ¢h dhnnatede
10  Dedicated traffic channels provide information directed to the user of a
specific mobile station in the coverage area of the base station.
In I5-95, when the base station sends a Sync Channel Message, it shall
uses the fixed-length message format of Table 1 below:

15 TABLE 1
Field Length (bits)
P_REV 8
MIN_P_REV 8
SID 15
NID 16
PILOT_PN 9
LC_STATE 42
S5YS_TIME 36
LP_SEC 8
LTM_OFF 6
DAYLT 1
PRAT 2
CDMA_FREQ 11
MSG_TYPE Message type.
P_REV Protocol revision level.
20 MIN_P_REV Minimum protocol revision level. The base station sets

this field to prevent mobile stations which cannot be
supported by the base station from accessing the system.



supported by the base station from accessing the system WO 00/65798 12007 A3
G T 2003wd¥dldsEs00 1 0742 3 SID Systemidentification. Thedagoataki on
shall set this field to the systemidentification nunber for this system
NI D Network identification. This field serves as a sub- identifier of a
system as defined by the owner of the SI3D. 5 PILOT_PN Pilot PN sequence

of fset index. The base station shall set this field to the pilot PN

sequence offget for this ?e hahd 9 tidr) YAE bAsObtal Pghm'seﬁ b GietATE
Long code State. The base % %% t?@c%mfo ﬁ‘é bal- tx?xng code
state at the tinme given byt e sae SYS TI ME
System ti nBJI[¥he base statNemaikahtleﬁﬁflcatﬁms f iEHigl fleld i‘&rvSys'aeansub} as

of four Sync Channel superidbhfiBsSof 8PstefBds aéfivéd bhehersivAér bhehd 8ED. super
frame containi r_llg any part_of this Sync Channel I\/Essage m nus the p| I ot PN

15 sequencBIBOTsAN i n uniRilotdiN seanance gifsetindex e statien shadl
that have occurred since tthis figldate the pilet FIN Hequencerffyet forf this bisel ocal
tinme from System Ti ne. The;tmemtlantamf%ﬁhlth@et th| s field to the two's

conpl enent f local t ro uni t
ni nut es. kﬁ.ﬁs%}% ght sg‘f"ﬁ Odq ft? n?hgﬁggfg StF 108 tg' St SN 8 tEme
is in effect, the base st NG £RLF LAE 3t fima &y the ME "t he
base sl(htion shaII set t hifieldjaf|thisipespagPRAT Pagi ng Channel data rate. The
base statig Eset thi st fhe! IThE bhiiesRROAR Sl gewﬁﬁef@mw fhi2
Table 2 corréspon ing to ﬁ%gg QFYS S c ga the
system TABLE 2. Pagi ng Ch o?t Z LRATY, w;
Channel data rate 009600 art o %‘%s SyrltE5 Channel Message, minus the pilot PN

15 sequence offset, in units of 80 ms.

LP_SEC The number of leap seconds that have occurred since the
start of System Time.

LTM_OFF Offset of local time from System Time. The base station
shall set this field to the two’s complement offset of local
20 time from System Time, in units of 30 minutes.

DAYLT Daylight savings time indicator. If daylight savings time
is in effect, the base station shall set this field to ‘1;
otherwise, the base station shall set this field to ‘0".

PRAT Paging Channel data rate. The base station shall set this
25 field to the PRAT field value shown in Table 2
corresponding to the data rate used by the Paging

Channels in the system.

TABLE 2. Paging Channel Data Rate

PRAT Field (binary) Paging Channel data rate
00 ~ | 9%00bps
01 4800 bps
10 Reserved
11 Reserved

30

CDMA_FREQ Frequency assignment. The base station shall set this
field to the CDMA Channel number corresponding to
the CDMA frequency assignment for the CDMA

35 Channel containing a Primary Paging Channel.



10Reserved 11Reserved CDVMA_FREQ Frequency assignment. The base stati ah! 0CT 2003
shal | 'sewao6s798fi el d to the CDMA Channel nunber correspongcmastoiorihe CDVA
frequency assignnment for the CDMA Channel containing a Primary Pagi ng
Channel . WD 00/65798 4 2 1 OCT 2003 PCT/US00/ 10742 In |1S-95 systens, each
base station transmits a pilot channel that is covered only by a short PN
sequence. In |5 95 systens, the short PN sequence repeats once every 26ns.
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1.25 MHz) . thestesidng ipqink ofrshe isgne chanaed frame @ngl Indedea¥eni on, certain
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25 the ChabmManthaine ppiees N Spsties B cobies, FdueBrtants it JOmRart
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carrier frequency of (1930 + 0.05N) MHz, where ranges from 0 to 1199.
20  The bandwidth of each CDMA channel is 1.25 MHz. Therefore, the channel
numbers of adjacent CDMA channels are different by at least 25 (25 x 0.05
MHz = 1.25 MHz). To facilitate mobile stations’ initial acquisition, certain
carrier frequencies are designated as the preferred frequency assignments.
Referring to FIG. 1, for an IS-95B CDMA system in the A block of PCS band,
25 the channel numbers of the preferred frequency assignments are 25, 50, 75,
100, 125, 150, 175, 200, 225, 250, and 275. Mobile stations will search the
preferred frequency assignments first upon powering up.
The International Telecommunications Union recently requested the
submission of proposed methods for providing high rate data and high-
30  quality speech services over wireless communication channels. A first of
these proposals was issued by the Telecommunications Industry
Association, entitled “The cdma2000 ITU-R RTT Candidate Submission”
(hereafter cdma2000). cdma2000 proposes increasing the throughput of the
forward link signals by transmitting portions of the information on three
35 bands, each of 1.2288 MHz. This method is described as the “multi-carrier”
approach.
A multi-carrier CDMA system, that uses three adjacent 1.25 MHz RF
channels with channel spacing also equal to 125 MHz is defined in
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statipm' safeadth knbn in advance, the mobile station has to try numerous
combinations to receive the Sync Channel message. Given the number of
preferred channels, the time spent on such trials could be excessive and
therefore degrade the mobile station’s initial acquisition time. Therefore,
there is a need felt in the art for a method that minimizes the mobile

rier

25 station’s search time. ,

SUMMARY OF THE INVENTION

The present invention is a novel and improved method and

30 apparatus for transmitting broadcast information in a multi-carrier

communication system. The proposed invention is to send the Sync

Channel of the multi-carrier system in a 1.25 MHz channel bandwidth (ie.,

over a single carrier), and to specify the preferred channels for the Sync

Channel transmission instead of the preferred channels for the entire multi-

35 carrier system. The Sync Channel Message will indicate the center frequency

for a mutli-carrier system in the band if one exeists and the frequency of a
single band system if one exists.



SUMMARY COF THE | NVENTI ON The present invention is a novel and i rrprove?d1 0CT 2003
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mul ti-carrier comruni cati on system The proposed invention is to send the
Sync Channel of the nulti-carrier systemin a 1.25 MHz channel bandw dth
(i.e., over asingle carrier), and to $pecify the preferred channels for
the Sync Channel transm ssion instead of the preferred channels for the
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obj ect s, dy he present invention will becone nore apparent
fromthe 399‘% eﬁiugg‘g‘?‘?g[ [ %n set forth bel ow when 20 taken in conjunction

with the drawings in which |ike reference characters identify
correggondi ngly throughout and wherein: FIG 1 is an illustrative band

diagramfor a PCS s | CAtd m 2 is an
illustrative band di Bﬁgﬁ ﬁﬁéﬁmgﬁﬁﬁgﬁ I cations
systens; FIG 3 is a flowhart illustrating the acquisition nethod of the
present The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when

20 taken in conjunction with the drawings in which like reference characters

identify correspondingly throughout and wherein:.
FIG. 1 is an illustrative band diagram for a PCS system for 1x
communications systems;
FIG. 2 is an illustrative band diagram for a PCS system for 3x
25 communications systems;
FIG. 3 is a flowchart illustrating the acquisition method of the present
invention;
FIG. 4 is a block diagram illustrating the major elements in a wireless
communications system;
30 FIG. 5 is a simplified block diagram of a multi-carrier transmission
system;
FIG. 6 is a block diagram of CDMA modulation system;
FIG. 7 is a simplified block diagram of a multi-carrier receiver system;
and
35 FIG. 8 is a block diagram of a CDMA demodulation system.



invention; FIG 4 is a block diagramillustrating the ngjor elenents 2 'n0&T 2003
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a multi-carrier transmssion system FIG 6 is a block diagram of CDVA

nodul ation system FIG 7 is a sinplified block diagramof a multi-carrier
receiver system and 35 FIG 8 is a bl otk di agram of a CDMA denodul ation
system WD 00/65798 2 1 OCT 2003 PCTJUS00/ 10742 7 DETAI LED DESCRI PTI ON OF
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three ban stemuntil t mobi le sta |.on checks foi:u_ nH cafrier
mobile station tunes to each possible grouping of three a ;acent channels

and attempts to receive the Sync Channel message. In the current designs

for multi-carrier systems the Sync Channel message will be divided into

20 three component parts with each component part transmitted separately

and simultaneously on a different carrier of the multi-carrier band. The
mobile station first attempts to receive the Sync Channel message on a
multi carrier system comprising bands 300b, 300c, 300d. If unsuccessful, the
mobile station then attempts to acquire the Sync Channel on a multi-carrier

25 system consisting of bands 300¢, 300d, and 300e. This continues for each
possible three band system until the mobile station checks for a multi-carrier
system consisting of bands 300h, 300i and 300j. For reasons described above,
in the exemplary embodiment, bands 300a and 300k will not be used in a
multi carrier system.

30 This method of receiving the Sync Channel message is very
inefficient and time consuming. If a mobile station is capable of operating
in a multi-carrier or single carrier mode, the mobile station will potentially
have to conduct eleven 1x searches or bands 200a-200k and seven multi-
carrier searches using center frequencies 300c¢-300i. In a CDMA

35 communication system, each band searched requires the mobile station to
test a large number of PN offsets to detect the presence of the pilot signal.
Thus, this method of acquisition requires a substantial time period.
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channel of 300f. Any combinations of three adjacent bands will include a
25 preferred channel upon which the mobile station will be able to receive the
necessary system parameters for operation.

In the present invention, the mobile station tunes to a preferred
channel (300¢c, 300f or 300i) and attempts to detect a pilot signal on that
frequency band. If a pilot signal is detected the mobile station, receives

30 demodulates and decodes the Sync Channel message. In the present
invention, the Sync Channel message will provide information that
identifies the center frequency of a multi-carrier system in the current set of
frequency bands (if one exists) and the frequency of a 1x band in the current
set of frequency bands (if one exists).

35 The mobile station in response to the information received in the
Sync Channel selects the system that is appropriate for its needs or
capabilities. If the mobile station prefers to use a multi-carrier system, the
mobile station uses the center frequency of the multi-carrier system
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20 3X system is a direct spread system or a multi-carrier system. In addition,
the Sync Channel message may also provide information respect whether
the system uses a form of diversity transmission such as orthogonal
transmit diversity (OTD). If methods of transmission diversity are possible
in the multiple bandwidth communication system, specification of the

25 means of transmit diversity greatly reduces the number of hypotheses that
must be tested to acquire a system.

These changes to the Sync Channel messages can be accommodated
without necessitating the extension of the Sync Channel message used in IS-
95B and illustrated above. In the current Sync Channel message there a

30 large number of reserved bits that can be used to provide the additional
information.

FIG. 3 is a flowchart illustrating the acquisition operation of the
present invention. In block 2, the mobile station tunes to a preferred
channel (300¢, 300f or 300i). It will be understood that the present invention

35 is disclosed in context of the PCS band of freqeuncies and can easily be
extended to other bands such as the cellular band. Moreover, the selected set
of preferred channels though preferred for three carrier, multi-carrier
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entitled tesange elﬁﬁlﬁar smplpile station tests each PN offset hypothe51s by
20 computmg the correlatlon between the received signal within the preferred
frequency band with the PN hypothesis being tested. If the correlation
energy for all PN hypotheses is less than a threshold wvalue, then the
acquisition at the preferred frequency is not successful and the operation
moves to block 4. In block 4, the next preferred channel (300¢, 300f, or 300i)
25  to be tested by the mobile station is selected and the flow moves to block 2
and continues as described.

When the mobile station detects sufficient correlation energy between
the received signal at the preferred channel frequency and a PN offset
hypothesis, a successful acquisition is declared. At this point the operation

30 moves to block 8. In block 8, the mobile station receives the Sync Channel
message.. In the present invention, the Sync Channel message is
transmitted in a single 1x band (300c, 300f, or 300i). In the exemplary
embodiment of an IS-95 based CDMA communication system, the Sync
Channel frame boundary and the interleaver boundary are aligned with the

35 short PN sequence used to spread the pilot channel signal. Thus, upon

" successful acquisition of the pilot channel signal, the mobile station has
enough information to de-interleave and decode the Sync Channel message.
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reception, Ihe nobile station will know fromthe received Sync Channel

message the“Center frequency of a nulti-carrier systemin the curren} set
of fréBuency béﬁ@gckﬁn&l@cl@ipst}gg mphile station decides to use a single channe

system because of limitations in its capability or other preference with
respect to its service needs, the operation moves to block 16. In block 16, the
mobile station initiates its RF hardware for single-carrier reception. The
operation then moves to block 18, where the mobile station receives the

25 general page message on a predetermined code channel. The general page
message will state the number of paging channels used by the system. The
mobile station hashes the number of paging channels used to determine the
code channel that it will use to receive directed pages from the serving base
station.

30 FIG. 4 introduces the elements and nomenclature of an very
simplified wireless communications system. Base station 30 transmits
forward link signal 32 to mobile station 40. Mobile station 40 transmits
reverse link signal 34 to base station 30.

FIG. 5 is simplified block diagram 111ustrat1ng the exemplary

35 embodiment of base 30 as multi-carrier CDMA transmission system with
three forward link channels. Each of transmission subsystems 48 transmits
a portion of forward link signal 32 on a different carrier frequency.
Transmission subsystem 48a transmits a portion of forward link signal 32 on
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20 Sync Channel message is an example of broadcast data that is transmltted to
all mobile stations in the coverage area of base station 30. In the present
invention, the Synch Channel message is provided to a designated one of
transmission subsystems 48 for transmission on a designated one of the
three carriers.

25 The modulated forward link data from modulators 52 is provided to
up converter 54. Up converter 54 up coverts the modulated signal to a
carrier frequency (f,, f,, or f,) that is generated by a local oscillator (not
shown). The up converted signals are then combined for transmission
through antenna 56.

30 FIG. 6 illustrates the exemplary embodiment of modulators 52 which
modulate a portion of the forward link signal for transmission on a single
carrier of forward link signal 32. In the exemplary embodiment, a pilot
signal is transmitted to allow for coherent demodulation of the signal by the
receivers, which improves the performance of the receiver by providing a

35 phase reference for demodulation. A set of pilot symbols known to both
base station 30 and mobile station 40 are provided to Walsh spreader 60.
Walsh spreader 60 spreads the pilot symbols by a Walsh sequence Wi In
the exemplary embodiment, Walsh sequences are used to distinguish the
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proposal ?diﬁ\% oh $he 3L ﬁﬂ&sé\lgnd %Ja%ﬂ‘aﬁﬁé cHafinkld ®F the QPSK modulator,

which results in a reduction of the peak to average ratio on the power

20 amplifier (not shown) of base station 30 which in turn increases the capacity

of base station 30. Complex PN spreading is described in the cdma2000 RTT

proposal and is described in detail in copending U.S. Patent Application

Serial No. 08/886,604, entitled “High Data Rate CDMA Wireless

Communication System”, which is assigned to the assignee of the present

25  invention and is incorporated by reference herein. The complex PN spread

pilot symbols are provided to transmitter (TMTR) 94, which up converts,
filters and amplifies the signal for transmission through antenna 56.

In the exemplary embodiment, the Sync Channel message is

distinguished from other channels of information by being spread by a

30 unique orthogonal spreading sequence W, . In the preferred embodiment

of the present invention, the sync channel message is only transmitted by a

selected one of modulators 48a, 48b or 48c. The selected modulator 48

transmits the Sync Channel message on a preferred channel. In the

exemplary embodiment, the Sync Channel message indicates the center

35 frequency of a multi-carrier system in the current band of frequencies, in



"System and Met hod for Orthogonal Spread Spectrum Sequence Gener ati ord 1i0G7T 2003
Vari abl e wippigshat e Systenms”, which is assigned to the assi gpegiseddilie -

present invention and |ncorporat ed by reference herein. The Wal sh spread

pil ot synbols are provided to conplex PN 10 spreader 62. Conplex PN

spreader 62 spreads the WAl sh spread pilé#ét synbols in accordance with two
separately generated pseudonoi se (PN) sequences PNI and PNQ |If the tvvo

lﬂguiinéfe‘iﬁ@%‘%?d% e ARderts, SLE oirt R SRR syfern g ghEfart o ot
equat i ons. Q@uency:bmsllfonem@ (1) Q = PNQI| + PNl Q (2) The purpose
of the conpl ex TRt SpiRaChilndISmidsdpy ﬁyﬁec%gg@trﬁ%gggg ﬁo@&%e?aﬁanqnon

t he i n-phase and quadrature chann results
in a reduckiofxesrPiagE ¢ehrd tlaeat«eﬂsﬁgéaget pemaiterned generates aasgs of ryeli C( not

bt e Eoﬁé‘.?daf‘i'@*ﬁcgqc‘“%f?‘ts AridBR bpSoRapaR: ol baE i B osal
and i s deshos RSP CHA shesago L I8 O TS ASbRok apPeRd teé?qref) No.
aﬁ/ 8ﬁ6 604tpo mlsweﬁ ‘T agineDatreeskag f Caivinaaooe! @50 referred| &;ataso[B-SB(SG)em

I C () S e 0 e i nventi on
i ncor por at %%gggpgpgnggﬁ ag{' %ltsﬁ?ettg%n'gré& %‘Eﬁleéﬁe SBEf ot Mnsc are
provi ded tchannehsnessage WithRe GRC bits amdufrilsobiteappendéd |arerproanded to
anpl i figes éx{l%déi- g@a'En&E]}&ef 66BRFSS QR gﬁi@k‘ﬂﬁhﬁ&t Iﬁﬂér%é‘aogl;? -CR® bi tﬂseaﬁéecgﬂ' ary

enbodi ment , anne message | di stinguis rom-ot her channel s
of infor rmhlt&)w tgﬁceeim&%wﬂ:a@ pyedetesmingd g irrwandh sieTarougriani erAing

sequence ] onthﬁ\ﬂsdd}ﬁa@rc@ﬁebhﬁﬁbﬂl%&ﬂgnt of the present invention, the
sync channe?
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is provided to rressage formatter 64. In the exenplary enbodi nent, nessage
formatter BE°Fenerates a set of cyclic

The reordered symbols are provided to Walsh spreader 70 which
20 spreads the reordered symbols in accordance with a predetermined code

sequence W In the exemplary embodiment, W, is a code sequence that

syne* sync

is orthogonal to all other code sequences used to channelized the channels
of forward link signal 32. The Walsh spread signal is then provided to
complex PN spreader 62 and is spread as described above.

25 Common channel messages are transmitted to all subscriber stations
or sets of subscriber stations within the coverage area of base station 30.
Examples of common channel messages include paging messages that alert
mobile station of incoming calls and control channel messages that provide
necessary control information to mobile stations in the coverage area of base

30 station 30. For illustration purposes a single control channel is shown. It
will be understood by one skilled in the art that in practical
implementations a plurality of control channels will be transmitted a base
station 30.

The Common Channel message is provided to message formatter 74.

35 In the exemplary embodiment, message formatter 74 generates a set of cyclic
redundancy check (CRC) bits and a set of tail bits and appends those bits to
the Common Channel message. The Common Channel message with the
CRC bits and tails bits appended are provided to encoder 76. Encoder 76



5 redundancy check (CRC) bits and an optional set of tail bits and abp&fdg003
t.hose” biw@Gadiezrdshe Sync Channel nessage. |1S-95 systens do petrngppend tail
bits to the Synch Channel nessage. cdma2000 (also referred to as |S-2000)
systens append eight tail bits to the sgnc Channel nessage. The Sync

channel nessage with the CRC bits and tails bits appended are provided to
10 encoder 66. Encoder 66 encodes the sync channel nessage, CRC bits and
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pur poses a sileg annel .S, s erstg bg one
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21 OCT 2aogssagefpugmeg@$@nerates a set of cyclic redundancy check (CRC) bits
20 and a set of tail bits and appends those bits to the frame of dedicated channel
data. The frame of Dedicated Channel data with the CRC bits and tails bits
appended is provided to encoder 86. Encoder 86 encodes the frame of
Dedicated Channel data, CRC bits and tail bits in accordance with a
predetermined forward error correction coding algorithm such as turbo
25 coding or convolutional coding.

The encoded symbols are then prox'rided to interleaver (INT) 88 which
reorders the encoded symbols in accordance with a predetermined
interleaving format. The interleaver is provided to provide time diversity
in the transmitted stream of encoded symbols. Decoders have better error

30 correction performance when the errors in the received stream are not burst
errors, _

The reordered symbols are provided to Walsh spreader 90, which
spreads the reordered symbols in accordance with a predetermined code
sequence W;. In the exemplary embodiment, W; is a code sequence that is

35 orthogonal to all other code sequences used to channelized the channels of
forward link signal 32. The Walsh spread signal is then provided to
complex PN spreader 62 and is spread as described above.
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The demodulated components of forward link signal 32 are provided to
multiplexer (MUX) 106 which re-assembles the transmitted data stream.
In the present invention, mobile station 40 initially only uses a single
receiver 102 and demodulator 104. Mobile station 40 tunes a selected

25  receivers 102 to a preferred channel (300c, 300f or 300i) and attempts to
acquire the pilot signal at the preferred channel frequency using a
corresponding one of demodulators 104. If sufficient correlation energy is
detected, the acquisition is declared to be successful. The mobile station then
still only down converting at the single frequency, demodulates, de-

30 interleaves and decodes the Sync Channel message. From the Sync Channel
message, mobile station 40 determines the center frequency of a multi-
carrier system in the current frequency bands, if one exists, and the
frequency of a single carrier system in the current frequency bands, if one
exists.

35 Mobile station 40 decides whether, it will operate in a multi-carrier
mode or a single carrier mode. If mobile station 40 decides to operate in a
multi-carrier mode, then mobile station 40 activates the RF circuitry

additional receivers 102, tuning to the appropriate set of frequencies
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t.ransim tyerpo3?BR) 94 and up converted, filtered and anpbctivsdoiora:
transm ssion through antenna 56. Turning to FIG 7, a sinplified

multi-carrier receiver which in the 5 exenplary enbodi ment i s provided in
nmobile station 40 is illustrated. In the exenpl ary enbodi nent, nobile
station 40 is capable of sinultaneously receiving forward Ilnk signals 32
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f r equency exémeplaingimdoginmendy tleRﬂTedl@Smead*régdﬁl areomplex dN stespreading as f one
exi st g9 33 Mjbidrfedt ghi Hetdfl FRCILHES athrRiiiBitiorldd %é;keﬁmﬁgatwg NPatent
- car rA}%llcatlon Serial No.08/886,604. In the exemplary embodiment, the PN
sequences used to spread forward link signals 32 are generated using a
generator polynomial that is common to all base stations 30. The spreading
from base stations is distinguished from one another by the offset of the

25 sequence.

Control processor 128 provides offset hypotheses to complex PN
despreader 112. Complex PN despreader 112 despreads the received signals
in accordance with the PN offset hypotheses provided by control processor
128 as well as W ;. The received signal is despread in accordance with the

30 PN offset hypothesis and the resultant signal is provided to pilot filter 114.
Pilot filter 114 despreads the signal from complex PN despreader 112 in
accordance with an orthogonal sequence W, and low pass filters the result
of complex despreader112 In the exemplary embodiment, the Walsh
sequence comprising of all 1's is used to channel the pilot signal.

35 The resultant signals from pilot filter 114 are provided to energy
detector 118 which sums the squares of the resultant samples from pilot
filter 114 to provide a received pilot energy value. The received pilot energy
value is provided to control processor 128, where it is compared to a



nmode or a single carrier node. If nobile station 40 decides to opera@e Q8T #03 "
mul ti-caM®8¥65de, then nobile station 40 activates the RPCTABEMIOY4ZY
additional receivers 102, tuning to the appropriate set of frequencies WO
00/ 65798 17 21 O C T 2003 PCTIUS00110742 indicated in the Sync Channel
message and begins to receive the for d link signal on a plurality of
carrier frequencies. If nobile station 40 decides to operate in a
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filter 112Y Pl% I%F}‘i&qﬁa@r&eﬁq %%B?E%ds t he signal from conpl ex PN
despr2dder 112The PN despread signal is also provided to Walsh despreader 116.

Walsh despreader 116 despreads the received signal in accordance with a

Walsh code sequence W, .. When demodulating the Sync Channel, the
W nan is Walsh sequence allocated for the transmission of the Sync Channel
message. Walsh despreader 116 despreads the signal components in
25  accordance with the orthogonal sequence W, and provides the result to
dot product circuit 120.
As forward link signal 32 traverse the propagation path to mobile station 40,
an unknown phase component is introduced into the received signal. Dot
product circuit 120 computes the projection of the received signal onto the
30  received pilot signal to provides a scalar result without the phase errors.
The implementation of dot product circuits for coherent demodulation are
well known in the art and a method and apparatus for performing the dot
product procedure is described in detail in U.S. Patent No. 5,506,865, entitled
“Pilot Carrier Dot Product Circuit” which is assigned to the assignee of the
35 present invention and is incorporated by reference herein.
The scalar outputs from dot product circuit 120 are provided to
multiplexer 122 which combines the two received streams into a signal data
stream. The data stream from multiplexer 122 is provided to de-interleaver
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120. As f owithrtitel prifciplegraid ddvel femtuses tiselgeedpbeseinon path to nobile
stati OB 40,

WHAT IS CLAIMED IS:



an unknown phase conponent is introduced into the received signal. Ddtl 0CT 2003
product circuit 120 conputes the projection of the received signal onto the
30 received pilot signal to provides a scalar result w thout the phase
errors. The inplenmentation of dot proguct circuits for coherent

denodul ation are well known in the art and a nethod and apparatus for
perform ng the dot product proceddrleAlMSdescribed in detail in U 'S. Patent
No. 5,506,865, entitled "Pilot Carrier Dot Product Circuit” which is
assigned to *he assi gnee of, the 35 present invention and is incorporated

by reference' herein. The sl muliwasiers basan statiopr ooperating r evithin 120 ar e

provi dguredetermined pbertfrefjdensibs WWherelifPHARS S9! into a
signal g tﬁ&ﬂ%%%g%%@%l stream I}; 0{.n &i’?ﬁ%@%@gr&?@?@@ ! o@?‘g‘éd to
de-intérreaver W 00 YO Bsbiirality7ab frequeneyr bands, sam Waseh

r eor ders$aliQTeCOBPEBINGd synbol s in accordance with a predeternined

de-interl eay f teaaiNAC ol € nbol.g. are provided to decoder 126
whi ch decod?&ﬂﬁeﬁ%ﬁlﬁ @o?u%%n@”%?%ﬁmﬂﬁéaﬁ ghanng} Aassagene

r ecei vétl BgkQleRanics frasmensy of sgidpredetarmiined s&yolcfrédantals: ERESage i s

provi ded to #084$0dne RHARBH sack ' nt.i on, control
processor_ 128 n?eégfrnn? ne? fiigﬁﬁltﬁﬁ@iéﬁl}é %%gﬁﬁéﬁé&#'ﬁ@ remaes

f r eque FRIPRYBPNS, LT, paid: Forwasd clinle slata hem ranother caeiari frghrencey mifesaidyst em or
t he cepredetermimesisst offfrequenciegl ti-carrier system In response to the Sync
Channel nessage, control 10 processor 128 initiates the correct nunber of

receive subsystens 105 and tunes themto the appropriate channels to
recei ve forward [Thekbasessatiadr of Craien fIr whiscsis sifs eyn®tchannef mdgags ef er r ed

oot he rss e BniEr MoAuEeP 20 (oAt 3P, Pl et syslRetin sdiba mont <

use sent I,nventl on. vari ous no
will bgré)iéﬁfmvegpﬁ%roiff@qﬁﬁc‘%- those skilled in the art, and the generic

princi pl es defined herein may be applied to other enbodi ments wthout the
use of the ipnventd.ye cul ty. s, the present invention is not intended
to be |ipnit3d £ 0 Thcoa 8¢ Sidin. af E1dim, i WnBfen sais, BYR chantel @essaary t ho
wi dest instieases doe sTeguency ofi 2 Isindie qariiercsystem mngaidgrelsfciine®setibscl osed
her ei nfregQeM¥iéd. | S CLAIMED IS 21 OCT 7003 20 CLAI M5

4, The base station of Claim 2 wherein said sync channel message

indicates the frequency of a single carrer éystem in said predetermined set of
frequencies.

5. The base station of Claim 2 wherein said sync channel message is
transmitted on one of a set of a preferred frequency channels wherein the
number of frequencies in said set of preferred frequency channels is less
number of frequencies in said predetermined set of frequencies.

6. The base station of Claim 5 wherein said set of predetermined

frequencies are the set of frequency bands in a personal communications
system block of frequencies.

7. The base station of Claim 6 wherein the channs| numbers of the
set of preferred frequency channels are 75, 150 and 225.



1 A nmlti-carrier base station operating within a predeterm ned set Z)f' 0CT 2003
f.requenci es wherein data conponents of forward link data are transmtted
simul taneously on a plurality of frequency bands, said base station
conprising: a first transm ssion subsg$temfor transnitting a sync channel
nmessage on a single carrier frequency of said predeterm ned set of
frequencies; and at | east one additional transm ssion subsystem for
transmtting remaining conponents of said forward |ink data on anot her

carrier fregsency of said Am@ﬂ%?ﬁép,aggﬂégfmgh gdngpigqﬁﬁi es. 2. The base
: - st
ai

station of i wherein said sy. channel nessa ifidi cates the center
frequency of% gpﬁ}éhgfoc@ﬁéohﬁrt ?O’E%‘ﬂﬁrﬂgarth%mqmo plurglite ob receivered set
of frecuisystems n dticordzrme aitht frequehcyCibPmAtiaN fhakReddind aSasiveganne!

nmessag mptoll requency of a single carrier systemin sai
pr edet ?y&b@&ﬁ@%ﬁ&g%@&#,e uencies. 4. The base station of Claim2 wherein

sai d sync chafifel raggivesgu system doe setdieingr sajd e\ Qﬁameqirnggﬁqgabhi er

syst emgdj e - ' . Les. 5. The base station of
daim 2é 1@9]%?&6&#282& hghg%rhgﬁaﬁﬁteﬁ) %%éég%ﬁl?%%?r%ﬁe{ {RFSEReINeSTH a set
of a prOEPt B@@Fﬁﬁﬁ%ﬂ%@@ﬁﬁﬁh@&amrmmom oéa multioarried signaiguenci es in
said set of anedstiordaddigenaneroRBASIBk st bf PueiiHE Bl hSRRICLeS TN
said pr ] t.of frequencies. 6. The base sftation 0 5

wher ei r??ggicshg@rg%m%g?w'erm ned frequencies are the set of frequency
bands in a personal communi cations system block of frequencies. 7. The
base statiom of Claimé6 | n s . of the .set of
preferred f;gégu n(a/ channe Sﬁ?gﬂ%?@ﬁ@gpﬂagﬁﬁ ey éafémgmll A

muf L] - PEGIISON SIdes WhEKIES o RepRIesinR Single oattiari mpde ares mult-carrier

cont r olimodwand elireps’ suid destabeasivat ' ' i i
accordgg%es ét%;% l Cy | ?Ormtﬁ?g#s:té’nrglct%g{@%??é?gequ}gg?ﬁ%.g[g%@ channel
nessagé: aXiT gﬁ%ﬁ@[}%méﬁ?ﬁrﬂﬂo"r%fc%ﬁ\ﬂg#ﬁgbgaﬂéygtpmwm nessage
on si myhlecstatipn rdefcidesutnopesate ifi & singly cairiey meds! apdn@irsdaRBR] fikessage to
sai d i r ej -\l LGSk portion of a

mul ti -gégr%l‘.i&éeﬂrs@? na ;O{gt %ag Hne ag%é%%a%hﬁe%'@o@%Faé"ﬂ@gﬁ?gn?ﬁ%r

recei vRAYMOAE! (4Ehar ihsypiom to dune e @t feastionenadditiosalgneduency when

said mobile station decides to operate in a multi-carrier mode,

10.  The mobile station of Claim 8 wherein said control processor

directs said first receiver subsystem to tune to one of a predetermined set of
preferred frequencies.

11. The mobile station of Claim 8 wherein said mobile station is
operating within a personal communication system (PCS) set of frequencies and

wherein said predetermined set of preferred frequencies consist of the frequency
channel numbers 75, 150 and 225. |

12. A method of transmitting data components of forward link data in a
communication system, comprising:

transmitting a sync channe! message on a single carrier frequency within
a predetermined set of frequencies; and

transmitting remaining components of said forward link data on another
carrier frequency of said predetermined set of frequencies.




9. The nobile station of Caim8 wherein said control processor deci 2é4CT 2003
whet her to operate in a single carrier node or a nulti-carrier node and
directs said first receiver subsystemto tune to a frequency indicated in

sai d sync channel nessage for the rec@ption of a single band system when
said nobile station decides to operate in a single carrier node and

directs said first receiver subsystemto tune to a first frequency and
directs said at |east one additional receiver subsystemto tune to at

| east one ad¢gti oy RS NSy i bj tati gn decides to operate
ina multi-carr] erﬁérm@(r'-:. 10%_&‘((35]@0&2'52.}%{%& %hﬁo%y'@ a‘ﬁ'}ﬂn@ #3398 ai d

cont r ol 'NG(C §f5? cefteedraquancy of rat least eineemusitibsarsibe nsyistorh Uine shigl one of

a pr edgtredeteminsdtends frogiedmsised frequencies. 11. The nobile station of
Claim 8 wherein said nobile station is operating within a personal

comuni cat i o& Sys_lt_&m (PCS) set of frequencies and wherein said
pr edet er m nebl.set mpetict rof dCiaimauen@hnefeif 08SHSk
A

channel; Gyl 2 2. A nethod qof transmt
conpo nelrrll'?ig g%%_ ?’g r &g‘g@&l\% gf éa?'ggrent%me& &Nﬁ%w d 1S Psgdaterminedrgsatiafi ng:

transmfquL{?@Ctﬁssync channel nessage on a single carrier frequency within a
predeterm ned set of frequencies; and transmtting remaining conponents of
sai d forvvarﬁiéni nk.data on another carrier frequency of said predeternned
set of frequéhci R MeBPHGHIM133 whersimtsald syncCOchanndl2 méssagen sai d

sync climticgtesnbesiegquendydot at siaglkeheapigp spéte ¢ . e multi
carri ei!f%%ﬁ@f&i n said predet egr;n‘i ned sg? o;ﬁ We%ﬁéﬁ%&%hsaﬁ?@%&et hod of
Claim erein said sync channel nessage indicates the frequency of a

single carrier systemin said predeterm ned set of frequencies. 15. The
met hod of Clygi m }$,aMiRdiRl el - el sage _indjcates the
freq_ueﬂ%’% of a single cg?‘?i%ffcg%}@%lz%vﬁﬁ&%g} aﬁ%&@?&hﬁ'ﬂﬂ@%"@?*’ﬁ? I
f r equeH@ngQItag onrmpe,gf 1 $adofcraprafatted feequenayacitarmels wheneireltheessage
is traombdrt ofl freguemcicd if sfl it of WrBlRIdEY ! erein
t he nﬁg‘ﬁﬁ;e %E 'Iehﬁg ﬁéﬁ'ﬁs 'LCF S{Hg‘? seltcﬂaf Erﬁgreér{{ugﬁgfp%au@%qghéﬁﬂl S is
| ess & ot H dft &S89 predgtermypea seephiraauerdes.of frequencies. 17.
The nethod of Caim 16 wherein said set of predetermned frequencies are
the set of hrequeney MARAY 'of BIAR S WndBHWLIE 3] predetermined
frequencies are the set of frequency bands in a personal communications
system block of frequencies.

18. The method of Claim 17 wherein the channe! numbers of the set of
preferred frequency channels are 75, 150 and 225.

19. A method of receiving data components of forward link data in a
communication system, comprising:

receiving a sync channel message and a first portion of a multi-carrier
signal on a single carrier frequency; and

controfling operation of a plurality of receiver subsystems in accordance
with frequency information indicated in said received sync channel message; and

receiving additional portions of said multi-carrier signal on another carrier
frequency.



system bl ock of frequencies. 18. The nethod of Caim 17 wherein the ZHJEWQW3
nunbers of the set of preferred frequency channels are 75, 150 and 225.

19. A method of receiving data conponents of forward |link data in a

communi cati on system conprising: recdBving a sync channel nessage and a
first portion of a nulti-carrier signal on a single carrier frequency; and
controlling operation of a plurality of receiver subsystens in accordance
with frequency information indicated in said received sync channel nessage;
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mﬁl ti- lc&?ﬁ!lil%ncl(n@@écai?@ iR $Aichgyne chanfhelemeesays ifdigdih'gafe%ép'tian migs@é@cd_
channelp . i i e _band syste en déciding to
oper at Eiﬁ?g%sligrﬁ ?ﬁ? e?%?'@ﬁﬁﬁgd@é a't‘%{:? i?’u% ﬁ%'? Fagter fr'eéetaraﬁynmwtq abnal
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multi-carrier base station operating within a predeterm ned set of
frequenci es ahergimultd HapisOpRa wardol.ink data are transmtted
si nul t gneously on .a plur ]ér?t o% E%trﬁggé%é\%li'%a\ﬂ@i'h %ﬁ@%&@'@ﬂaﬁt&f
conpri 3[%?@"6“%@515}”'? iy r%ﬁ% ‘?"PPﬂ'@e'&tSsyf\LfgmnmdihkerEM@ee otramsmittiedg! e
carri ersimuliageeusty cofa phiralitp of rebaentyBEnEE s i b%é?%&%{ B?fd'(g‘oﬁﬁ%ﬁélﬂ%;”eans for
i nk dafa

t 1 tti [ f id f th
carrior frodneans tor "andiBE X S feinnl mioshrag.BRcRcsingler camter base

st at i onreueneyiahsad Rme@fmleaﬂaekghﬁemum; amessage indicates the center
of 1t equanci oeins SRty omaiflry Campyas RS d i kanah Sk BlAER chann

of fre%%e cies. 23¢ The bas€ statl BNchannel
messag® 'O UIESTERLCR PP Raid prefetarmaingygiset ek inequensigst em i n sai d
predeterm ned set of frequencies. 24. The base station of Caim 22 wherein
said sync c nel i ndj S e fregue of a single carrier

syst em%/i n sz’yc'] przﬁﬁgg%g%aet@%séfeﬁm #{]@fﬂ%ﬁ@l %é].g@BF chaanghmessagei on of

d ai m ¥icMescthe santersirrauenainmd| ainbsastgene | multr gasfert sostean IPngai@f a set

of a ppedduteatiirodositentiqubaseg! s wherein the nunber of " frequencies in
said set of preferred frequency channels is |less nunber of frequencies in

sai d predeterm ned set of frequencies.
23.  The base station of Claim 21 wherain said syne channe! message

indicates the frequency of a single carrier system in said predetermined set of
frequencies.

24. The base station of Claim 22 whersin said sync channel message

indicates the frequency of a single carrier system in said predetermined set of
frequencies.

25, The base station of Claim 22 wherein said sync channel message
is transmitted on one of a set of a preferred frequency channels wherein the
number of frequencies in said set of preferred frequency channels is less
number of frequencies in said predetermined set of frequencies.

26. The base station of Claim 25 wherein said set of predetermined

frequencies are the set of frequency bands in a personal communications
system block of frequencies.

O




26. The base station of Caim25 wherein said set of predetermned 210072003
frequencies are the set of frequency bands in a personal communications
system bl ock of frequencies, 2 1 OC T 2003 24 27. The base station of

Claim 26 wherein the channel nunbers @#f the set of preferred frequency
channel s are 75, 150 and 225. 28. A nulti-carrier nobile station

conprising: neans for controlling the operation of a plurality of receiver
subsystens in accordance with frequency information indicated in a

recei ved syngz.carThéb ; lLWwing said sync channel
nmessage i aisgr% gg‘?‘gqotﬂg%@ﬁg%&%%%ﬁr‘%@icgﬁﬂﬁek% ogtsnel kg ri er

n.,single carr
nessagege([%(?fgéé]%"ﬁgafaﬁ%qqm channels anentp, D and 288cei ving a first portion of

a multi-carrier signal; nmeans for receiving additional portions of said

mul ti-carri Sj . .29 The nmobi|e station of C aim 28 wherein said neans
for controll Snghqﬁﬁ@r%ﬁem@ﬁﬂﬁﬁtﬁtwbwaﬁ@ngh a single carrier node or a
STy iont g et oo gy b UGN
singl e band system when' sai Madions NgieRrd Bt ja) deceived pamsx earriera si ngl e
carri efM#8RA¥%nd directs said first receiver subsystemto tune to a first

frequency a i S ii t a n it I recei ver. subsystemto
o Y, 2tlodid Y S e itin S#ﬁfﬁ) ageﬁg%w Ieﬁ'?‘gs%atgem?& ISiNgIRt SANSA deci des

t une t? at leaStrﬁnf?;radditl' nal | ]

to opel GHECNRY AN f -Rgviieg $ald eSyrso catier messagestatsait wmbakk afom 28

wher ei costrotingemuisfot oecalving rzofidst p@rtioﬁidfeé:ﬁﬁﬂt?-?éﬁiefri foiay €Cei ver subsystem
) erre reqguencies. 31. The

to tune to eryg.ned set.of pre 201t
nobi | e stat %{a@fo%r%ﬁ%é hana! pegians Rfisiaid muttcapierisignalper at i ng wi t hin
a personal comunication system (PCS) set of frequencies and wherein said
predet er m ned. sFheOhoBli& @44 I ' nsist of the frequenc
Channep g o o2 ook ;ﬁ% %‘ggi‘(ﬂgﬁ’r‘?% WhetdiA®44id means Tor comtroliin
decides whether to operate in a single carrier mode or a mufti-carrier mode and
directs said first receiver subsystem to tune to a frequency indicated in said sync
channel message for the reception of a single band system when said mobile
station decides to operate in a single carrier mode and directs said first receiver
subsystem to tune to a first frequency and directs said at least one additional
receiver subsystem to tune to at least one additional frequency when said mobile

station decides to operate in a multi-carrier mode.

30.  The mobile station of Ciaim 28 wherein said means for controlling
directs said first receiver subsystem to tune to one of a predetermined set of
preferred frequencies.

31.  The mobile station of Claim 28 wherein said mobile station is
operating within a personal communication system (PCS) set of frequencies and
wherein said predetermined set of preferred frequencies consist of the frequency
channel numbers 75, 150 and 225.



