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{(57) Abstract

scrambling code may be encoded in the combined code Ty itself, as

1

Each transmission frame within a spread spectrum communications system relating to synchronization code transmission is divided
into a plurality of slots. Each of the slots includes a primary (pilot) code T, and a secondary (combined) code Cy1ci that includes information
identifying or indicative of both a frame timing and a sm'amblmg code for synchromzatnon This information concerning frame timing and

well as in the modulation values of the sequences of plural combined

codes within a frame. Alternatively, the information is encoded in the sequence of plural combined codes Tuic transmitted in each frame,
as well as in the modulated values of the sequences of plural combined codes within a frame. As yet another altemative, the information
is encoded in the timing of the combined code Cuei transmission within each slot of the frame relative to its associated primary code .




Current™y, channel access is primarily achieved using Frequency Division -
Mul tiple Access (FDMA) and Tinme Division Miltiple Access (TDVA) nethods. In
frequency WP 9¥E28h nul ti pl e access systens, a physical conmmuPRCT/SESIT
channel 2 5 conprises a single radio frequency band into which the
transm ssi on power of a signal I's concentrated. In tine division
mul ti pl e access. systenms, a physical comubtcations channel

conprises atine slot in a periodic train of tine intervals over the sane
radi o SYNCHRONIZATION TO A BASE STATION - 2-

frequency. Although satisfa fo | 3. hel bt ai ned frbm FDVA
and TDVA conmmuni catmmeﬂé&ﬁ%mmgg& lon due to _
i ncreasing cust oner Asrmwmmmowmmnémﬁ'sigzm, alternate

channel access nethods are now bei ng proposed, considered and
| npl enmented. 5 Spread spectrum conprises a conmuni cations

technique th RégsmCETomm;&ﬁJ%d@at ion as a new channel

access nethod™ T n W relress conmuni cations. pread spectrum systens
have been around sItecsresdit applicutioh ff phtgnd/ W reldted faUIS, Application #Pdte@t | Ons
were predomnant]y mlitary oriented (relating to smart |anm ng and

radar). Howewéral { r9828§419985 m&gi OBJLE &ﬁ%ﬁﬁ% Yyie

N
ol ul a7 ad ST A YRR ADSPRCROR oMM A RO SYSTRRE, Sl 1.

comuni Bat i 01982y (3#645s278USPT) Spread spectrum operates quite
differently from conventional TDVA and FDVA conmuni cati ons systens.
In a direct sequence code division nultiple access (DS- CDMVA) spread

spect rum t r alpATKGROUND OFPHRE IRVENTIONt al synbol streamfor a 15
gi ven dedi cated or_conmon channel at a basic synbol rate is spread to a -
chip rate. scnnical gigraikhadnvendiont i on i nvol ves appl yi ng a channel

uni que spreadi ng e .
sequence) to the g@%%[ﬁegpﬂg

- (SomEti red to as.a.signature
S P St obindibichi a8 B, o1 1)
whi | e addi ng i QettitiderCio cellysearohl dcﬁwiﬁeb?effoﬁhé@by aidlile staticRAIP dcfuire time
mul tiplied by the unique digital code during spreading,_ The internediate
signal 180  “syachgnizatiop withea quqagméaabamgéﬁ%ﬂb&ec{ﬁqﬂpggwd%mden added

to other si mgp?é'a@épeclmm communications system.
Descrintion of Related Art |
The cellular telephone industry has made phenomenal strides in commercial
operations throughout the world. Growth in major metropolitan areas has far exceeded
15 expectations and is .outstripping system capacity. If this trend continues, the effects
_of rapid growth will soon reach even the smallest markets. The predominant problem
with respect to continued growth is that the customer base is expanding while the
amount of electromagnetic spectrum allocated to cellular service providers for use in
carrying radio frequency communications remains limited. Innovative solutions are
20 required to meet these increésing capacity needs in the limited available spectrum as
well as to maintain high quality service and avoid rising prices.
Currently, channel access is primarily achieved using Frequency Division
Multiple Access (FDMA) and Time Division Multiple Access (TDMA) methods. In
frequency division multiple access systems, a physical communication channel
25 comprises a single radio frequency band into which the transmission power of a signal
is concentrated. In time division multiple access systems, a physical cc;mmunications'

channel comprises a time slot in a periodic train of time intervals over the same radio



processed (i.e., spread) internediate signals relating to other channels. A
base st at v 99112273 uni que scranbling code (often referredpdpsponmh

"l ong code” since it is in nost cases - | onger than the spreadi

code) is then applied to the summed internediate signals to

generate an output signal for multi-channel transm ssion over a

conmuni cations 25 medi um The dedi caged/ common channel rel ated

i nternedi ate signals advantageously t hen share one transm ssion
conmuni cat i Offge fu'éﬂ%PGMﬂiou oM $dtistdoryipetforthfnceiis Being obtained fromPPORAA laRd 1O
be | ocated on tqo f each Other in DOth the freque%cy domain and the tine

domai n. Bec almM:Ahcomppimaaﬁosﬁ) mems;gclmondscmgesuonadueeto imotegsing dustomerr

each i nter medi ate s t e share

conmmuni catiorf’sm?apg ?fh @‘%Fn ‘@“’83 ?‘aﬁ% aBFA° RS ARW
application Qfeu%?ﬂé Posed! étﬁﬁﬁ%té&hﬂdﬁiﬁﬂﬂérﬁétﬁéd at the receiver may
be disti ngw she om of her s.

- 3- read tspectren COMPrisgy daeompuaications inshnigus (that wnﬁndmg

ﬁnrjletcleb?/;lr)ng &ﬁ%@%"@%e appro% e&&%sgrﬁ%\ﬁ%%{%%élsggﬁ%preadl ng

codes to despgpresd sguctrufiiiEye tbrﬁd‘lﬁvedﬂmgrdlmdrsm&eheiéwsr(ﬂ‘(iNoﬂd War II. Early
transmtted S|gnal and return to the hasic s_yrrb ate. Were, t he, spr adi ng
Code s 5 aphiepionAE RIPIRSFIDERU, SR ATEHAS (relgde S GO AD0

signals, howe ) br), ObWetid! fiferd $s an mcreasui%ﬁﬁ%&dtodﬁ?n @@ﬁx@rs‘i‘:%ﬂdn e@ﬁﬁ:‘hat ion

thus effectivel'y’conprises a correlation process nparing the
recei verb si gnsystemstin cbhmmmahomamheatthng; inclndipg digitad celbdmdmt land dnohileed
information frgmth ny radio frequency

communi cat i on@di aPﬁf’&?’HE(Q’W:S‘H%Pﬁﬁ%‘f%F°‘BE’t‘%°€H°&Betw°r€abase station and a

mobi | e station of B‘Pf‘eaa Eétﬁnﬁﬂ%& 8T BTl 6tR CNTERIBrGRTDMA and
occur, the nobile station nust nd and synchronize itself to the timng

ref erence of FDMA commumigatipaseystems: loa dirpef Sﬁqméégée divisionmpliple Aeres r ed

toin the art [ Sl

di vi si on mul t@g&‘@@fé‘é g%%gzgg'gmpec xrnlljtﬁgrtfore iﬁlﬂpslg 4 ‘%taﬁ gﬁeésigg(tﬁeam

for exappl e, gRend¥didatedsdrajonanonTtininnt] atch bisivdyinibol m'eps spreatitr i clsip ratgnbol

15 boundari es and frane boundariies of this ti m 8 ref erence .cl ock, The

nmost common This spreading operation involves applying a channel unique sp spreading code
(sometimes referred to as a signature sequence) to the symbol stream that increases its

rate (bandwidth) while adding redundancy. Typically, the digital symbol stream is

multiplied by the unique digital code during spreading. The intermediate signal
20 comprising the resulting data sequences (chips) is then added to other similarly
processed (i.e., spread) intermediate signals relating to other channels. A base station
unique scrambling code (often referred to as the “long code” since it is in most cases
longef than the spreading code) is then appﬁed to the summed intermediate signals to
generate an output signal for multi-channel transmission over a communications
25 medium. The dedicated/common channel related intermediate signals advantageously
then share one transmission communications frequency, with the multiple signals
appearing to be located on top of each other in both the frequency domain and the time
domain. Because the applied spreading codes are channel unique, however, each
intermediate signal transmitted over the shared communications frequency is similarly
30 unique, and through the application of proper processing techniques at the receiver

may be distinguished from others.



solution inplenented to this synchronization problem has the base station
peri odi caWe 99/12273 transmt (with a repetition period T[ eptir)sEosndst he
nobil e station detect and process, a recogni zabl e pil ot code of
| ength N[err] chips as shown in FIGURE 1. The pil ot code may al so
be referred to in the art as a spreading code for |ong code masked synbol s.
20 This pilot code is sent with a kneaw nodul ati on and wi t hout any | ong
code scranbling. In one type of CDMA conmuni cations system each

base station util ijaahe DS-CDMA spréad pscarnin lﬂdbﬁnmaﬂan&ecEi)\?hi),ttthébei\feﬁm a
set of available pilot codes. |In another

conmmuni cat i ostgnaissarsrecovered,b apRlyIng Grés %%;-ﬁml)ﬂ@gst %mﬁ@%@ i the @ppropEatey ¢ h

Gi 11 mg. phaeBpis 8 SpRaingates ) Afiptell br ok Y QUG £ 85 Befied

In the Spreadr&mﬁtddwigﬂ&endvetumjbmebasmbymmlsmw i Wheretthe spreadingeddsisgnal s
are denpdul ated angd gppl,ied.tq.a filfer Joatched to th ilof -
code(s) 5 It |3§Ph?ﬁt° ﬁeﬁaﬁdm{}ﬁa @%%ﬁ‘%? ﬁ‘ﬁ'a]ﬁh‘@’f’?lvéf’ep %‘E? }son

schermes, SUC!hﬁ-&ﬁ, sﬁ;&%ﬁﬁi nsesaconfeﬁﬁoﬁ? tddkssCOde
processi ng out put o? matched f| | ter peaks a? tinmes P

cor r espondi ngompating thereegivedomignal mith the appropaiate mmde}oﬂcmmm | ot

code. Due the effects of nulti-path propagation, several peaks
may be det ect‘Bﬁ”F@P&?%?? &5 &mtl single pilot code transnission.

From processing t hagRrd Wﬁcﬁ'@éﬁ@y ¢dimAuliicatiéns or information transfer between
-4- manner, a timng reference with respect to the transmtting
base stid i on meb@uﬁmmamob e stationpf the spreadysnegtinmcoppyiications pystem can

repetition perlod y

frame | engt h,© % ylgs% txﬂ‘?gﬁ‘erencet‘e’kw{a?l&“@E‘%se w&&rﬁlﬁ%ﬁfﬁ?&cﬁgﬁ, |l e
station and thatbase staﬂaﬁ.em%@to&@s ﬁ@ﬁmmxﬂytefmed tmpn]rthe arinas Weelhseaschig™ t o
frame tinmng. | e of err chi ps for t.he
transmtted pIﬂQ)@lf?;“(SGEQ‘{e@P‘? T°4?é§"!§l,9n muﬁ%&e a""§\°e$| &aé‘dpe%teﬂa 3?’5‘?:‘{’?%3%'9“5
matter the le ;??%r&[aﬁn%p bl Statich tiu fuffadwmBidectsp BBk ey, mbol

of the matche érrente in the nobile station ’recel ver . t he

sane tiTe,  boundaries ind frame donndariesiof this Himing referenes claels n’Ebmmptet&mrpmver

Lerr] of the EélLt?cEn 1c1;x(1)p éme |tg3 %l t'/bls syn&romzatmn problem has the base station periodically

[

transmit (with a repetition period Tp), and the mobile station detect and process, a
recognizable pilot code © of length N, chips as shown in FIGURE 1. The pilot code
may also be referred to in the art as a spreading code for long code masked symbols.
20 This pilot code is sent with a. known modulation and without any long code
scrambling. In one type of CDMA communications system, each base station utilizes
a different, known pilot code taken from a set of available pilot codes. In another type
of CDMA communications system, all base stations utilize the same pilot code, with
differences between base stations being identified through the use of differing phase
25 shift of the pilot code for the transmissions.

In the spread spectrum receiver of the mobile station, the received signals are
demodulated and applied to a filter matched to the pilot code(s). It is, of course,
understood that alternate detection schemes, such as sliding correlation, may be used
for pilot code processing. The output of the matched filter peaks at times

30 corresponding to the reception times of the periodically transmitted pilot code. Due
to the effects of multi-path propagation, several peaks may be detected relating to a

single pilot code transmission. From processing these meived peaks in a known



transm ssions in order not to cause high instantaneous interference with

ot her spre spectrumtransmtted signal s/channels. To obtain
sufficient e"ai\)/ge'}rhe%gg’ power Wwith respect to pilot code RGTAEIRPLIY ons
given a certain chip length Nerr], it may becone necessary in the
CDMA commruni cations systemto utilize a pilot code repetition

period T[err] that is shorter than a frang length T[err] as illustrated in
FI GURE 2. : Anot her reason Tor transmtting nultiple pilot

d i thin a.single frane.ls length Tlerr] is. t. t

"t or - {1 equen BAAEEAFHRE STTERRTIS Repest g e Rrsoilffg ase fation e b toyadtc

known t ot hos evithlenl dnsisigiity équal @'the éﬁumeslse(ifﬂm@dﬁﬁeﬁg%&%aﬂm' I nk
urin only

synchroni zatign on a given carrjer requencz i $ carried out

part of a fraf@mel then thisitiming refarenes may,be used da synchivpizemabile statiomend | t
I's possible, pheediddndihdics mﬂe&ttionwiﬂlre eﬁ]ﬁiﬁéﬁj.r | ger frame, that

conpressed node processing cou m'SsS over a time
period dstecting tH¥hijlelany lmgﬂbofmry)ixeﬂﬂbs/forﬁhe transmsitied pilotcodd Ei be | ot
codes [err] durin ach f arle, nul tiple opportunities pBr frame
are given for s@&ﬁ‘ﬁf’é&‘s"eﬁ‘aﬁ'ﬁ@imaﬁ“m" ength 9f ¥ dn fhipg ds liwited by theepmplexity st
one pilot cod hed W ﬂem%ﬁte : : ed. )
There is, homg\t/‘tg?e?ﬁ?%réa ac ﬁhévl t rgg%ﬁ?ﬁiﬁﬁﬁﬁegﬁvghdk tstgggﬁﬁghlﬁ{zlat i on
25 exper i étis desinabletto iimitthpimtqntdnewsmdkp{menﬂp ofthe pilotceiesignalicharmeh
single frame |length . T . Agai n,.the received signals e denodul at ed
and applied t &8 sF‘f’E?m(‘Hfler&?H%?ﬂ{sﬁm mstantaneouﬁéqtexif nec,with other spgeads | of
code. Thg out QFéctﬁim tthRspteansigndls/chineRCars dbiaih isiBiicient average power with
corresponding to the reception tines of the periodically transmtted pil ot
code. From  respect topilatecode trgnsmissionp given a certaimehip length iy dempy becarae
transmtting i Aol ; .l ot cpde repet|.l.ion
period T[err] Qx%é%ss%rér O@%W ﬁgm n%(r&oﬂ%ﬂﬂ%%g(\?\ﬁehkgﬁ%%gﬂ) 5e ?epe{:lﬁon
However, this getioing, thef isishoiter than aflanguength W 43 illestfeal inltFIGURE Br ane
timng and thus - does. not present sLifffj cient infqormation to enable
base/ nobi | e st at i orAR¢tAsrTeason .rtransButtmgmultlp e pilot codes © | within a single frame

s Coni . ) o = ) ths
meant t ér’t thzl ?ourﬁg?@dﬁanﬂ%ﬁﬁéﬂgvn@ﬁﬁg&, I'ts s@%hr oni §‘§%§|sgérll)
cannot be i denhods lawwir torthaseskidled anx thedrtoiWith coropressed mode processing, downlink

synchronization on a given carrier frequency is carried out during only part of a frame

- —

rather than during (across) the entire frame. It is possible, then, with only one pilot

code ¢ per frame, that compressed mode processing could miss over a significant

20 time period detecting the pilot code completely. By transmitting multiple pilot codes € R

during each frame, multiple opportunities per frame are given for compressed mode

processing detection, and at least one pilot code transmission will be capable of being
detected.

There is, however, a drawback with respect to reception and synchronization

25 experienced with multiple pilot code T transmission within a single frame length T .

Again, the received signals are demodulated and applied to a filter (or correlator)

matched to the known pilot code. The output of the matched filter peaks at times

corresponding to the reception times of the periodically transmitted pilot code. From

processing these peaks, a timing reference for the transmitting base station relating to

30 the pilot code repetition period T, may be found in the manner well known in the art.

However, this timing reference is ambiguous with respect to the frame timing and thus

does not present sufficient information to enable base/mobile station frame



peaks al one. The process for cell searching may further

I nvol ve olwei9osmzegat he cell specific 5 I ong code used onpicssEdse sy Nk
to scranbl e downlink dedi cated and common channel conmuni cat i ons.
The dedi cated channels conprise both traffic and control channel s,

and the comon channel s al so conprise traffic and control channel s (whi ch
may ) i ncl ude the broadcast controlFSehannel (BCCH)). A |ong code
group code [err] is preferably transmtted synchronously with (and

further pref Hhmnﬂaﬁdm@dhahnﬁmg reférence0 By ambighots it iximsarjt¢hat/théboundary

|IIustrated|nF|GURE 3. .This | on coe 0 d sent wth a )
known nodul atqfdhemeﬁﬁﬁ&ﬁ'n mgﬂﬂj‘ ?ﬁ‘? 58 Tlrg ¢ fetected piloteede;r oup
code &F% Llopkndi cates the particul ar subset of atotal set of long
codes to whi I e ce]l " specific long code utilized for the

transnm ssi on bel onThe pfecessdanegl] searching may fiyrthier involve obtainimgthiecell spetific |

L\gﬁggye%ﬁht (r)ltgglgqlm?q@g-Oﬁ deﬁ gr]ogﬁed |n@%4our} @ ets of th| rt¥ 15 }t e

recei ver commuitiR¥tGHA! %deaﬁade@aﬂmﬁemome sbmwméamséh&dl chiribls,
exanple to only the thirty-two |ong codes contained in the subset

i dentified byandthe eomamenchranels slsacogmsisp teaflie apd ceptrol channels (which may

Fecer ved pi | otnetiisoe tapadtast ol Wilant! GSECHTR (8 1068 cBICBRAR QReCs .. 18
station firstprferably umslﬁﬂtwlssrna&omdsm with¢and ﬁmﬂpﬂerﬁﬁ@'ormﬂoﬂal[t@)rmb

mat ched fllter to a received signal_and I denti fying, peaks. From

t hese pk@ks, Rilet Wﬂ?ﬁgcgé‘ﬁé‘l‘ﬁﬁ’é v FEGUERE 3. Thisdong,eodg group gede is sent with ape

T 322?. f?l E Egu@m ng Hﬁlﬁ e 5| w{’ﬁ%ﬁg ggo?gﬁ%rsr#gsg%tnw Q’F‘%“ﬁ %Olléf)%g bt ons

group code mdlbﬂbs lhe ﬁirhcﬂhasuhsat of attbfah seteoff longwddest tat Whldhmhmetll ot
| ocations to obanthelon code rou ode i dent,i ficati
Fromthis i deﬁ?‘?@ﬁ"cgﬂgcﬁ?de %f?ﬁé‘?e Bﬂ °ngs elx ih hec

| ong codes usgfe hhddelGwieh (?Uéightsﬁwrloﬁ§c6&§%89ped—ﬁ% wus%bs‘ag bf'tlﬁi‘tx%o' s

performed agai nst each of the reduced nunber of | ong codes ose

| ong cotllBs  codes eachc Bytidentifpiingrthe krangmaitiefl longieqsdei grpepicedens f,_ri) thereesiver of

the known slots to det rymne

bei ng used forPHETOW; %%?%hﬁ“aﬁ‘a‘“sPSW%ma‘ﬁ‘gﬁg‘%%Bﬁh% %‘fytbg Bﬁk 6 10

reference. Onegdéd@nidinékinthe kibsesidentified by therecdived loggicede grmpicode &, ,

In connection with the tr ansmssmn of mult i | ot c err], w n

single, f rErpme; tinigginformation may@eoé@p@fﬁq%ﬁhgm WaﬂL%‘r?él’P H& ﬁtf

al ternativel Y B8ibed Fﬁot] &d%@% and long code group codes © C,.;- A mobile station first

20 identifies pilot code timing by applying a c -matched filterto a recelved s1gnal and

identifying peaks. From these peaks, a timing reference with respect to the slots may
be found. Although ambiguous as to frame timing, the determined slot locations
identify the timing for the simultaneous transmission of the long code group code

T, Correlation is then performed at the known slot locations to obtain the long
25 code group code €, , identification. From this identification, the number of possible
| cell specific long codes used for the transmission is reduced. Lastly, a correlation is

performed against each of the reduced number of long codes (i.e., those long codes

contained in the T, , identified subset) at each of the known slots to determine which

cell specific iong code is being used for the transmission and provide a phase shift
30 reference. Once the phase shift is found, frame timing is identified.

_ In connection with the transmission of multiple pilot codes '6; within a single

frame length T, the determination of frame timing is alternatively assisted in the



- 6- manner disclosed in U S. Application for Patent Seri al .

08/ 884, 003vo 94yidabs ed "MOBI LE STATI ON SYNCHRONI ZATI %W,‘{g%l%
SPREAD SPECTRUM COVMUNI CATI ONS SYSTEM', filed June

havi ng each of the slots . i nclude not onIy a pilot code [err], as in
FI GURE 2 described above, but also a framing 5 synchroni zati on code
[err] transmitted with a known nodul ati ongand wi t hout | ong code

scranbling, as illustrated in FIGURE 4. The pilot code is the sane in each
sl ot and Ak n oRi.zAki on
codes, homvé?mgﬁgﬁ%ﬁa&hﬁwgp%%(g g&ﬁﬁ Jpge&ﬁ%rgsréwﬁ% Are -
repeated i n éMOBILESTATION SYNCHRONIZAHION (WITHIN AnSPREMJISPEGT[‘RIUMt i on,

Cerr] mat chod OVMAUNIEATIONS SYSTRRE, Fiaf S 0ot oy vty i S siod ©

From t hese pqa&qﬁdeﬁottdn!wﬁwt%aé@C&wmbumaaemedhmesw Wmﬂﬁfg
rarre tFm ng,

found. Wil timng Peference i s anmb I guous as to
know ed&e of mehrgmmqmpuq;rgansmmedmth a&nhown mogulation and withoutdongomiei on

The nobi | o stSrRippin bRl 5 BIGVRE Tkt hloLoafie3s me spme n pec s Spa™ '

synchroni zat i gzfoss ¢ating lfrandes. uheﬁmegss@ﬂ}mﬁéneddehhﬁweva@hﬂem&f
fram ng sync ron| zation codes. Jven that the position of each
fram ng syncHiossachesiotdn adeages, mrd are repeated in eachdtame. ve to the frame boundary

I s known, once a the
boundary -of the frc'gér;n[e? re %iﬁﬁﬁg&%ﬁ@x{a@ ga é%l{l:%s?at%%ﬁrftldmdf%gﬁlbpéhd

t hen alio knotwhin, 1} a ©_Ahatchedyfiltetio dmcegedlsmnnmﬂmdenﬁ gopdak.Ni NQ
synchroni zati gZ?%?%%yllngn © r oV de sati tory re i?fn their
efficiency | e‘g“@ ;efgam? It%%he *ﬁ“s“;/ay o rm&l ng
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20 - Although the foregoing methods for obtaining synchronization information

provide satisfactory results, their efficiency leaves much to be desired. For example,
the processing of the long code group code T, , does not directly provide a frame
timing indication, thus requiring additional correlations to be performed at each
identified slot location to determine frame synchronization. Conversely, while the
25 processing of the framing synchronization code €_ provides a frame timing indication,
completion of the cell searching process still further requires the performance of
additional correlations to determine the cell specific long code being used for
transmission. In each case, the additional correlations being performed occupy
valuable processing resources, are complex to implement, and slow the cell searching
30 process. There is a need then for 2 more efficient method of obtaining both a frame

timing indication and a long code indication during the cell searching process.



-7- SUMVARY OF THE | NVENTI ON Each frame of a base
station tWOIMMIZAFBon within a spread spectrum conNMunPCIISE98Y81S3y St em
relating to synchroni zation code transm ssion is divided into a
plurality of slots. Each of the slots includes a prinmary synchronization
code [err] and 5 a secondary synchroni zation code [err] (hereinafter
referred to as the conbi ned code)-A-ncl udi ng both fram ng

synchroni zation (s) and scranbling or |ong code i ndicating (1ci)

i nformation. SUMMARYORTHEINEENTEON: he i nvention, the frame timng

and scranbl.i ng cod% Jnfgggat?]tolahh %%gsd I n t?;j‘%‘go ecéi gg.de %Srr]

itself, as . i BRnsy h BT

pl ural conbi nggnfRRatioMs HstBmirelafing tosyfﬂcﬁfﬁlzahﬂnéodﬁ?ﬂ*&ﬁj % %dﬁ:f ot he
R e Info

present invention, the frame tin ng scranbling co rmation

i s encoded i naphlealﬁyqﬁdntSeFaphprOtsmbidcedpnmaessynchmmzau{mcer c, and

transmtted in eac rane, as || 4in thg madul ate Iues f th
sequence as ngﬁpry Q{OI!&%PH.‘@%%C eﬁ’ﬁw#{ 1% PO

encodi ng of tb@ds)qmu BéWeframing synéHréﬁ!zihdxﬁ@szldhdt&ﬁaﬁxbﬁﬁ &nfeﬁgldmet)
may be used to provide, urther frame_tim ng_and scranbl i ng code
i nf or mati on. Lnsgqahyg information. dmiadfirshembodimentnf the inyention, the frame timing

tha - "0 B8RRIy oB St BRLORA th I NI KOG 0t TROIE 7 e

relative to i mllasmthe modulatien vdlaes ¢f the sequaniees|ofplural cnbinedosdes avitinlang
of . t he conbi ned code itself_a noduyl ati,on sequence, (.as |n t he
first ehBodi ndrme iy a@%ﬁ&%ﬂ.%@?ﬁ%? mygntion, the afﬁﬁﬁe E@n nd

scranbling co @fa*’m:!ﬁ‘ bk dﬁﬂiﬁﬁ ggiggh f@\l“%: ;‘Eﬁ“
A nore conpl ege unde ?angﬂo g0 on Re™ et an ppa?gt S 0 present

i nventi on may dje, olitansmitbdiiy emh‘ ﬁamo.(w well asmﬂfeahdmdatquﬂuemﬂ thelsequences

Dr avi g %erg‘;ﬂm%ombmd oBAE e AGRoRR oS BF BRFOHHnGF Sader am

i[lustrating gseIfi(a infthk Rt dhbodiment) may be used to provide further frame timing and '
15 scrambling code information. Lastly, in a third embodiment of the present invention,

frame timing and scrambling code information is encoded in the timing of the

combined code © transmission within each slot of the frax_ne rela_tive to its

s/lci
associated pilot code <. Additional encoding of the combined code itself and the
modulation sequence (as in the first embodiment) may be used to provide further

20 frame timing and scrambling code information.

BRIEF DESCRIPTION OF TI-IE DRAWINGS

A more complete understanding of the method and apparatus of the present
invention may be obtained by reference to the following Detailed Description when
taken in conjunétion with the accompanying Drawings wherein:

25 FIGURE 1, previously described, is a diagram illustrating a prior art pilot
channel signal transmission format in a direct sequence code division multiple access
(DS-CDMA) communications system;

FIGURE 2, previously described, is a diagram illustrating an alternate prior art .
pilot channel signal transmission format in a direct sequence code division -multiple

30 access communications system;



channel signal transm ssion format in a direct sequence code division

mul tiple access (DS- CDMA) conmmuni cations system

FI GURE 2, WRBM |y described, is a diagramillustrating arPGI/$%48/93533
‘prior art pi | ot channel si gnal transmission format in a direct
sequence code di-vision nultiple 30 access comuni cations system

- 8- FI GURE 3, previously described, is a diagram
illustrating an-alternate prior art -8- pi | ot channel and | ong code

group channel si gnal tr nsm S$I 0 or dire se uence code
division multiple X a‘i@‘ﬁ;%ds g«ﬁqﬁgramﬁustraunganalt

ot or artpi | BpoaHEne! S %3&“@2%"%?%%’?’%%% Eoa A ot 6 o%

in a direct sequmcembldwnmenmdhplﬂmmmnmmﬂmcmbns systems Conmuni cat | ons

?%\S;Eaﬁ[nl on conbi ned%g}]&%&é’ﬁ%m“s ol Mgﬁ{%ﬁg@ %Fr?gﬂ&é‘aﬁﬁ‘%r mat

in a dirgct spAyPREAiIGRARe Md/fritniip sgdmmmoncodeuaﬂmm foRiBLIR SCditecP NS
system 10 FI GURES 6A-6F illustrate a plurality of enbodi nents

of the presensequeneneadsdivision multipleracoessicommnieasions system; t i ni ng ‘and | ong

code information i ! | ock
di agram of a di rec{i:léyéﬁﬁergce CO@Q&%I Vll?sglgongn@ﬁsenﬁmvenuon JO%%%%& c%dg

(DS- CDMVA)  spr ead cembidedwade ﬂammisaah lfmﬁxysu&att sequence code Bivisidr fiiltiple
DESCRI PTI ON OF THE DRAW NGS 1 Ref erence is now nade to FI GURE

5 wherein the|a§°q5§°%lﬁmcénﬂl‘%§?% ‘il-lustrating a present

i nventi signal tn ﬁéfa‘te
conmuni ggt i ons systfgm { sucﬁﬁgglg | rec#l sequéence cose %Pﬁh‘sﬂ Berfeml?tl p?%
access for inohnding teth iframe tg;lmgmji low&eﬁnﬁ)mamnr@ccanbmn@] todeThad r

f ' I d I y.of sl
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access (DS-CDMA) spread spectrum communications system.

DETAILED DESCRIPTION OF THE DRAWINGS

15 Reference is now made to FIGURE 5 wherein there is showna diagram
illustrating a present invention signal transmission format in a spread’ spectrum
communications systein (such as a direct séquen_ce code division multiple access
communications system). Each frame having a length T, of a signal transmission is
divided into a plurality of slots s, s,, . . . , s, ,. Thelengthof eachslots

20 | is equal to a pilot code repetition périod T,- Each of the slots includes a pilot code <,
(the primary synchronization code) and a combined framing synchronization (s) and

s/104 (hereinafier referred to as the combined code

or secondary synchronization code). The pilot code is the same in each slot and across

long code indicating (Ici) code ©

the repeating frames, and is transmitted with a known modulation and without long

25 code scrambling. The pilot code ¢, and combined code T are preferably

s/lci
simultaneously transmitted, and overlapping. The combined codes may, for instance,

be the same in each slot (€, ,, ., , =T, 1., 45 for alli and j), or different in each slot

(S,/104,1*Cs/10,4> for all i # j).  The multiple combined codes

Cy/101,07 Casles,2af * ° * 7 Cssici,m1 are transmitted one per corresponding slot

30 Sgr Sqr + + o 1 Syg» and are repeated in each frame. The combined code is

similarly transmitted without any long code scrambling. Furthermore, the multiple



20 Is equal to a pilot code repetition period T[err]. Each of the

sl ots i ncwole®1227%i | ot code [err] (the primary - synchcw/SEss0358N
code) and a conbi ned fram ng synchronization (s) and | ong code
indicating (1ci) code [err] (hereinafter referred to as the conbi ned code
or secondary synchroni zation code). The pilot code is the sane in each sl ot
and across . the repeating franes-%nd is transmtted with a known
modul ati on and w thout |ong 25 code scranbling. The pilot code [err]
and conbi ned epalinéddodbs L5 pref@rably, . . ., €3]yl | arqeeetaplyicrthogoidl t ed,
and overl apping. The conb!&d codés™fay, for_instant be the same

! Y, .ance, , .
in each slot tothe pilotcedeqThe piletirede &, hias apredeterayined iming gffset tiwith respect
([err]; for |4 i Vg i ml.e ik iber 1]
are transm t?{eoaa%orllle“‘épérg'dc%fr“rsecgpo I ng sﬂ%otf Eggﬁ gﬁ’grc%ﬁg%;[”é’i‘ﬂafa. : E :
s[err], and aoffsstapedthadspeot weathb slotdoandarys0c JHie timihgoffeet it sis preferably set

oo o0 o She Hhnifg by, &) dnSiiReS S AR dodd 5 "ihd UERtRcH odal®
conbi ned codeg [ er issi Qridrth el davarth eltﬁ‘iﬁ&%ssin simplifichfois Yelafiniz Ot
code. The pil ?P”Gb e ers?’fn as_a predeterm néed t'i m ng %ffset t[err] wth
respect to phase deteotiony as Wil bedkesdiribedc or r espondi ng sl ot. Each conbi ned
code [err] has a timng,. of f set W_th respect .to.the.sl.ot.
boundary 30. The ti r?&gﬁﬁ_‘?%df[%r/xqi ?gfué%‘n@%aﬁ?%gé?nn@mg °r_ué‘ifﬁ%t}vet°§ t he
tinng of fset phih the feme tihifl ah@ BRAUSg 0deD ITHOSB ahtigedusty elitisbisthé nesirio
[err] transmission) in order to take advantage of processin

si npl i f1eat i omakealsepdratg long code grqup qefe fransistien pp fhe WRSGSJI&‘&%E 3hed.

The conbi ned L. acldidaes. i ' ' EVANETO R y i | of
both the franﬁ%‘sﬁﬁéeawaﬁ #ggm%%g&fgggé{efé qﬂlﬂg ba gi&*ﬁ??&;’@%b@f‘?ﬂﬁ@i&@hﬂﬁg@ t he
geedl tOkl((J ﬁaﬁﬁhgﬁmiﬁ)gaﬂd&iedohgngde:maigsmmbﬁngehédf inkstsansmissiod. he f
ownlin see, FIGURE 3). Furt her nor.e, re efficien rocessing o
t he conbi ned code i@%ﬂé*@@“ﬂ’&'%@“ﬁgr “%@“%ngﬂ&ﬁé%&#ﬂgem&#
| ong code used.l & ' . | rANSM e : S -
9 q?%rﬁo%% fﬁgg‘ls’éﬁf% ih'tfe Edkode’ @ OrieiBehnique comprising a first

There are a nu e techni ques for”?‘_‘ﬁ‘él uding both frangtim ng
and 15  |emtpdimelt off thedmvention (incIndingsevapaltslifferdn mhentations gpdiscussed
techni que co e gvlr)?%nagéﬂe{"ait encodes the frame timing and long code information in the

combined code c_,, ., itself, as well as in the modulation values of the sequences of
combined codes. Another technique comprising a second embodiment of the present
invention (including a specific .'implem.entation as discussed below), in _general,
20 encodes the frame timing and long code information in the sequence of plural
combined codes ¢, ,, _,

of the sequences of plural combined codes. Additional encoding of the combined code
itself (as in the first embodiment technique) may be used to provide further frame

transmjtted in each frame, as well as in the modulated values

timing and/or long code information. Another technique comprising a third
25 embodiment of the present invention (including sevel_'al different implementations as
discussed below), in general, encodes frame timing and/or long code information in

the timing of the combined code © transmission relative to the pilot code € .

8/lci
Additional encoding of the combine(; code itself and the modulation sequence (as in
the first embodiment technique) may be used to provide further frame timing and/or

30 long code information. |
Turning now épecifically to ihe first embodiment of the ﬁx_‘esent invention,

there are N_,, , in number possible valid combined codes €, ,,,. These N,



15 enbodi nent of the invention (including several different

I mpl enent 'ﬁrﬁ s di scussed bel ow), in general, frame
timng an oftgzﬁsode information in the conbi ned co e Flo

itself, as well as in the nodul ati on val ues of the sequences of

conbi ned codes. Anot her technique conprising a second enbodi nent of the

pr esent I nvention (including a S cific inplenmentation as
di scussed below), in general, 20 encodes the frame timng and | ong code

i nformation in t. ue n

transmtted iBP® @’gﬁ% qﬁﬂﬁ‘fg%éges\ﬁ?ﬁ@&‘denl?% tg%?y?gﬁﬁ%m[n fof bse in of
the sequencescopveping'the 16y €ddeciifefriation cb: incgneitheﬁﬂiwwnggsoaé grbip esdebi ned
code itself (as in the first_enbodi nent technique), may be used to
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| g s partictal sofihe m&ﬂm&m&mn (N )
tﬂegfpfnrsgg of the canbi ned, code .ssion rel aéed t?)gth Iot
code [err] . bitsofink W&PWWE?QM?%@QW RB LA ﬁqoegamp thand
the nmodul atiog, By BEMEEE finkAty Idhg codes grouped'fatd r&&graiﬁm'smﬁlfoﬁr%aeg é&éﬁ) may

be used to prOV| tintng and/or 3 | ong” code
i nformati on. —4andthus’rhere a'quompgssnhimb)mdcmm 11.9- Whenfthe gaceiver

nbodi ment of t h
Sosgl Iblmtznvalol de @Eﬂﬁ'ﬁﬁzlbaqéglﬁgz\é ¢°ﬁ?e§le[ gpa:t vas tristnittSd i, fof RARBHE]
-10- 19 nbbSt hrée, Bt Are ks‘aeds $hatahe ﬁirﬁ&ﬁldﬁldng%ﬂé bf isbid Whs 3dledted s of

information for use in conveying t | ong code i nformation

“conpri sing ei fiosy gxqup numtgrayae §Véhﬂ|§pew§s in this examplg; loB,(FFEnhits verh ofie
cubset o postpl RS U150 chpReiaai 20,1 Y Bl s o

transm ssi on), aal
the receiver n’fodulated byobnegoﬁ Ne pnr humbb:apossﬂﬂe whlid t(e.gl}l[h&nm'y aroqniudrﬂnke}t odes

that was actually transmtted err]. (N err bits
i nformation h ut?@eﬁse%tea?qteﬁa%g&@dvl%a ‘t‘l‘éell%"r‘?@ Hg‘ﬂ’émﬂ?fm‘“’é‘%éﬁ]ﬁ %amw th
two- hundeed figfiins SinfolnRiinC OUPRe 9§ OUPGHIA 'hodlIRNen HeRiRiRed! fubthdl Yrb ke

codes each,

@)

log, (N__,) bits of information for use in conveying (more) long code information
GfN__,>1). In this embodiment, it is preferred that the modulation sequences have
good auto-correlation properties. Furthermore, if N ,>1, good cross-correlation
properties are also desired, and also no cyclic shift of any valid modulating sequence

20 may result in another valid modulating sequence (or any cyclic shift thereof).
In accordance with one method of present invention for recovering the
transmitted information, by applying a Ep -matched filter, the mobile station (receiver)
s/1c1+ 1hiS

correlation further provides a channel phase reference useful in coherently detecting

locates each of the slots, and hence the location of the combined codes ¢

25 the modulation values of the combined codes ¢© within the slots. The receiver

8/lci
may then (for example, in parallel) correlate the received combined codes with each
of the N_,, , possible combined codes. This may be done over one frame, thus
sequences of M correlation values. These N

collecting N sequences of M

s/lei 8/lei
correlation values (comprising the N, ., rows and M columns of a first matrix - Z1)
30 are then correlated (or matched) with a M possible shifts of all the N, possible
modulating sequences (comprising the M*N__, columns and M rows of a second

matrix - M1). This correlation may be mathematically represented by the



N err]=4 and thus there are fourpossible conbined codes [err]. Wen the
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bi nary or quastaslivatibn of the first manii{Z1)ibyrths sepond aestrix EMI). \Iﬂlﬂndpfﬁlﬁsd ation
sequence i nherently provides the frane 15 ti,mng i nformat I on. ??g'

N err] vali dcmﬂwa@?%@rﬁﬁmgh%?%bﬁma@o ount. Aq

FE}L g: ;rL% i glnt éha(fxfnefﬂﬁagé Wﬁmﬁﬁpﬂ% S e%%ent |s pr e?d?rg} t hat
Furt her more. Wlﬁ?mmmﬂ’ggﬁl o biséﬁ"é‘fh as dumtmme)pﬁ?f e
al so deBi r ed COBHM &Fi‘ﬁt% % 3‘3&‘6"1&6‘6@9@%9@ cfﬁéh %e 20

may result i g BOREORe ﬁi@hﬁl%&?géﬂc hw&hﬁ@ﬁmmﬁ afre 36hig 60dd inforklitioh (if

t hereof) . ordance wth-one nethod of present
i nvention f om  gel)) end rtgshlﬁéhatwasused (thus proviiding the frame vaning infopatier)t yi ng

ok o et oy g PR, G B dp o 95k Bhbrtiment sg ot BFHE

Thi's m\%ﬁbﬂ s%binﬁfin FIGURS 6 A thy irfeinionhits of bad wasbines afderEg ysef ul
in coherently detectin t he modul ati on_val ues of the conbi ned.Codes

[err] ®Dthinie h&ammgmme ineachslat, and convey thm!gngtq?é infognatoncAMMEISing,

parallel) corg Q%:fgb he
N err] possi ﬁtgerca%lﬁﬂs 86&0%8 @ﬁ@g{?&%ﬁ%&%@%ﬁe over on ?‘SSIble lon c‘3§e§

C?' lecting Nged fin %leﬂbkﬁﬂmg&hf)fdowrmﬂkrtﬁnaimssmﬁ,abmﬁNre acﬁixlslengxlbedes jtseiéqufences
of M correlatjon_ values (co sin e N er

of a first n@redeiermingdmedplation seq ”anté &) Ylhpfen‘ﬁ @%"W‘P

possi bl e shif all the Nlerr] possikte thin mgtaubﬁﬂemes
(conpri si ng t({? &ﬁfqlé*r P] dtdnts and” M lr#d\ﬁsf’*d‘r‘lzgwsec%n matrix -

M). Thiss corumingtmfnmnauqn be mat hermatically represented by the

i gl | cal o 008 dhb oBhnlTBhd Kt RSARER My

In this proc
either coherent or differential. With coherent modulation, a phase reference is derived

by the mobile station (receiver) from the associated pilot code <, since it is typically
modulated by a known symbol value (for example, “+1”). In this case, the distance

20 between the pilot code © | and its associated combined code © from the same slot

a/lei

must be kept as small as possible (preferably zero providing for simultaneous

transmission) in order for the mobile station to make accurate phase determinations.

This is because a very large frequency error in the receiver may result in a large phase

shift in a very short time interval. With diﬁ'efenﬁal modulation, on the other hand, the

. 25 frame timing information is contained in the phase changes between successive

combined codes T, ,, ., in consecutive slots. In this case, a reasonably fine frequency

synchronization must be acquired before the time synchronization process is
implemented to detect the modulation sequence by the mobile station.

A more complete understanding of this first implementation may be obtained

30 by reference to some examples. In a first example providing a binary phase shift

keyed (BPSK) modulation, the combined code ©_ ,, .,

information. This information may comprise either the long code itself, or a long code

itself provides the long code



conpensation for the channel phase nust be taken into account. An estinmate
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the | ong code ' information. This informatiorf Hiy conprise either :

the | ong code inieach slog Agpredetgrmaingd modulation sequence is then applied to the multiple
20 includedcombinedcod@s_’,lci'o-, Ca/ie1,17 * * * 7 Cuprciua withinaﬁ'ame,.

with the modulation sequence values (e.g., +1,-1,-1,+1,....+1,-1 ,~1) defining both the

long code information (comprising either the long code group code which identifies

the subset of possible long codes used in scrambling the dowrﬂink transmission, or the

actual long code itself) and the frame timing information (uniquely identifying the
25 associated slot). Again, the modulation selected for defining the frame timing

information and long code information may be either coherent or differential.

A more complete understanding of - this second implementation may be
obtained by reference to some examples. In a first example, a first portion of the

modulation sequence for the combined codes © explicitly defines the long code

s/lci
30 information, and a second portion of the modulation sequence explicitly defines the
frame timing information. Care must be taken in selecting the patterns for the first and

second portions of the modulation sequence to ensure unambignous detection ability.



-12- group code pointing to the subset of |ong codes from which

the cel |l woeed/f2273 | ong code was sel ected.” The sequenpeTSEISHISAT Y
nodul ati on values (e.g., +1,-1,-1,+1,...,+1,-1,-1) for the conbined
codes [err] in a given frame provides the frane timng i nformati on.

Thus, in the foregoing exanple, the first conbined code [err] for the 5
first slot in the frame is nodul ated by -8B-t he second conbi ned code [err]
for the second slot in the frane.is nodulated by -1, and so on.

In a second ept@pbertdin calidi pagt emscfor diarhel tieninp daformbtibn chmpeidingASkgecond

nodul ati on, the conbined ¢ de [err] itsel n ovi des 1 he | ong_code
i nfor mat i on. pPmtien okthe F‘Fﬁﬂ‘iﬂ?nrﬁﬂu%ﬁﬂ‘ eég‘f é‘?‘{) BHQhQBWTP‘Eg‘EI@e or

i on't ho. celpnggedeihRBial Sulllily &8 it pblton o Ephodiye “%’L%Q?lrst Gt ter

of the M1 coﬁbemda,aﬁaﬁxo{:mte] in a given frane are modul at ed by
a phase value of " rrult I|e +1 e next rt r nf t he
codes afe nodul ateg“béPcﬁn‘}) P‘bﬁ?’é ﬂ“%’@:‘et{g PLBstays
"+ "), the thiq @x)%hcltly definéd a{et goédde%sdiﬁﬂﬁoﬁrﬁdrmfﬁucﬁlﬂeﬁuesaﬂeme

value of "[err multiplie err]") and the final

quarter of thiémingleFonthis mpmwopyﬂm@n@s@nly’@l limited (fop[exampleM¢jj inea

L L,y e e OB R b L

the conbi ned £RALFrdntd." |THe valubs dfBhédecmiodalatiofitsequences defing thadbng ! cvide A
predet erm ned nodul ation sequence | s then applied to the nultiple 20

i ncl udexd conbinfertnation sompeging either the jgngigode amrup&ﬁée which ldentlﬁewthw"bm! of

nmodul ation se I th
t he ﬁ(gsﬁgﬁclc?&gcug olgsrg?%gl z ljﬂkprl Sl ng e|t er tﬁmﬁ? ong c e g‘;’? up
code whi ch i desdditselfs Furthermore,aslﬂmrsadamly ofimited sinnber dfmodulatitrssegquentes,n
scranbling the dolvvnl i nk transn}_1 sion, .or, .the actual | on g_de
i tsel f) and tﬂ@ﬁ%ﬁ%#?ﬂ?{ﬁﬁep ﬁ%?ﬁ?rg‘ml‘fﬂ ip pyheE MpdnlRtiop;seon: %ﬁeﬁﬁ‘ea €
assoct at ed S| ghlcifBiblich enitAsiihgbhBringRlned o A0f BRI Kich Bbchlion

timng rmati on nay be either -
coherentsor dséquenemisﬂaiowandcanbeassocxated“mlmgsqmtpcﬂﬁtﬁsmmer51and| ng of

t hi d I t b t db

exanp oo arf i1 b b meReriep (riptinef B iRt SAnbERERE O St PG

sequence f or qmnﬁgﬁpm MIRB'GU ﬂwwmmedyodteﬁspesmm&ajmﬁgtmimﬁo
e

information;, and a second portion of the nodul ation duence explicitl

defines the in each slok znd definen{ioi arlimited idsarecdhe long coge tipg,
sel ecting the p?ecfe%e?mrfns dfrﬁ&dtﬁ%ﬂc §e&&énc§fkqhen applied to the multiple included combined

8/1lci,0’ “s/lei,i’ * ° s/lei,M-1

sequence values (e.g., +1,-1,-1,+1,...,+1,-1,-1) completing the explicit definition of the

20 codes © c ., C within a frame, with the modulation

long code information (comprising either the long code group code which identifies
the subset of possible long codes used in scrambling the downlink transmission, or the
actual long code itself) and implicitly defining the frame timing information (uniquely

25 identifying the associated slot). Thus, the long code information is distributed over
both the combined code €, ,, ., itself and the modulation sequence of the plural
combined codes T, ,, ., Within a frame. Again, the modulation selected for defining
the frame timing information and long code information may be either coherent or
differential. |

30 Turning now specifically to the second embodiment of the present invention,

there are N in number possible valid “sequences” of combined codes ¢, .,

s/lci-seq
for a frame. The selected sequence is repeated in each frame. These N_,, ., ...



second portions of the nodul ati on sequence to ensure unanbi guous detection
ability. é?ﬁﬁ(.

Thus, cer%?%w%/zezl 3| d patterns for franme timng information COWIF 0ds?he
second portion of the nodul ati on sequence must be excluded fromthe

valid patterns for the | ong code information conprising the first
portion of the nodul ati on sequence (and vice versa, if

/
appropriate). 5 In a second’o‘{e%dempl' e, the nodul ati on sequence*
for the conbi ned code rr 10.explicitly def|nes %h | ong code
i nformation AYUFIES? ?&%%nmwww&edﬁggzuqulci-uﬁ ﬁ?‘ﬁé’. '&8?“ or
i mpl ement at i ; o b bl ithdVthe |
q@ﬁ 1?{&&2§ygg§ Yig dolé MfbRAatidrPEorkprising Bith ldhgacr%ig Lﬁr%.‘%p: on

bi nary phase ceyed” nodul ati on) nunber of ‘different vali I
sequences code (which adéntifies therisubset ofi possiblet loog cwodesiusest imscrambling the

define the lo e 10 . . infaorgmation conprisi. i1her the L.on de
group code m?@ﬁ%%ﬁﬂ‘ﬂ‘é%m?ﬂé”g gfétpalofon bodt ‘&%Hgs’téﬂ ﬁ’l‘%eﬁngﬂ%’n&eg‘& ¥ised
in scramdl i ngpfelfétréiofiat thel/alid 86qEn66y ¢fitoniliinéd)Codes lattnilj3¢)Gind that each 6f¢le
itself. Furthernore, as there are_only a |ljmited nugber of nodul ation

sequences, have goodjgutorqameiatign and srags-saErelation preReTtiosyilp ggneral prastise; it is
nodul ation se ' r e | g1t | LI

o or mat fon' ( STPE Rk B seldsBifence of combinBR ehdiss i g Bl hdeed. OREe b vihq 0
know aﬂ_d g an béltlu&ﬁéd)ﬁf oérabined }cbdwisaﬁsamt,ihthbgf_thmé tinting gx_ifo?mation is inherently
Inathir | epent ati on relatlng to the first enpod), nent. of the present
i nventi on) sgmqeﬁ- AS@B@%%‘H&%@NH}%@C@S@&DE% ]’%?W‘FQHF‘; ﬁ?fg’sidg ‘i"ie
sare g\fd%icf‘eas‘h?ﬁc‘iéﬂfamggtﬁg di*ﬁﬂg&b%dé‘h&”loﬁnbﬁdﬂ Se281681, f he | ongyyode

i nfor rran?on. pre rmned nodul ation Sequence i s U "%Ppl T ed
to the multi ptie dombinsdaddesal) neis given frarpethay fiugherpe modulated by oneof N,

within a frane with the.nodul.ation. I ..
M 21 2 T et pogsiblR Sl 1 binay or quadrRGRY SHSaRp G e The n..,
| ong code i nf QhR@Hicanlafi6R Bfukided Fuhdrprovilba JQNE_CodsitOsfitforaaton férweb

i dentifies ) the subset of possible |on cBles_ used_ in_sgranpling
the downl i nk tn eenveying weare long cede information (kely seeded fgr sprgifically ddentifying

5111 S SR s " BB SHB fed d e
di stributed owgsdulation sequences have good auto-correlation properties, good cross-correlation
properties, and also no cyclic shift of any valid modulating sequence may result in

another valid modulating sequence (or any cyclic shift thereof).
In accordance with one method of present invention for recovering the
20 transmitted information, by applying a 'EP -matched filter, the mobile station (receiver)
s/1ci THiS

correlation further provides a channel phase reference useful in coherently detecting

locates each of the slots, and hence the location of the combined codes ©

the combined codes © within' the slots. The receiver may then (for example, in

“s/leci
parallel) correlate the received combined codes with each of the M possible shifts of

25 the N T possible combined code sequences. This may be done over one frame,

s/lci-se

thus collecting N_,, . ,..*M sequences of M correlation values. These

-seq
N, /1ci-seq *M sequences of M correlation values (comprising the N, /1ci-seq *M rows
and M columns of a first matrix - Z2) are then correlated (or matched) with all the
N__, possible modulating sequences (comprising the N__, columns and M rows of a

30 second matrix - M2). This correlation may be mathematically represented by the
multiplication of the first matrix (Z2) by the second matrix (M2). In this process, a

compensation for the channel phase must be taken into account. An estimate of the



both the conbined code [err] itself and the nodul ati on sequence of the
plural wo991227x0nbi ned codes [err] within a franme. Again, PCESES®0LSB2t i on
sel ected for defining “the frame timng informati on and | ong code

i nformati on may be either coherent or differential. 30

Turning now specifically to the second enbodi nent of the present invention,
there are N err] I n nunber possible wA#llS€ "sequences” of conbi ned codes
[err] for a frame. The sel ected sequence is repeated in each
franme. Thesehih®dl phase is obt?ined riti;)m thg pilogI code correlations Eias nlxentioned f.btzve). ThT )

-14- seqguences conbi n codes y provide log[err N err -
bits of infcomelaton IM2) that glve%&gheﬁt@g 60 BigheE Mgy B@@W&Qﬁr‘hﬁtion

conpri sing e grg&dﬁf oup ' ' i i1 he
subset of poésogxlnﬁ'f“éé P(gdnég%g es sgrd’ ’i°h"3‘¥:>r13r%?ti ﬁ??ﬂ%@ﬁ’p&%ﬁﬁﬁé o

t ra][\s m szi ohrﬁodeoﬁntbhﬁ?thgt)ualrhibbn@iﬁo?asi un;ﬁl -f(thukngtdvicﬁngnthe_diﬁlamet ,timingihs_ 5
preferred that the vali eguences onbi .codes are_uni que t hat
ach orfe. | mbormayeys, aud e, ReteRs GF HaRAse paueie: HeL PR s (s
properti es. é’%}{gﬁﬁ%. 3 gﬁllo 86dd infornidtioh believed that a single

sequence of codes is all that is needed. Once a valid,
sequence of conbi Geusideringnavea spagifit exampls ofihis implemegtationshewn HFIGERE

I nherent| rovi d an extensi LN ca e
sequence(>s/) &ps Wﬁ“ CCO%B%A@%“ES?@H‘%% &QS? Svilde%z%fﬂl]% gﬁ%a%ﬁﬁ?’se of

| ong code I nfdedidd depred)ithe lopgaBAE tnfoirhatiod, and jmplicitly defining thé fratiertimingd
codes [err] in a given frame may further be nodul ated hy one of N err]

in nunb@r poinfoumation{ppiquely igentifyingthe associatadoslan u Agyredesarmined me Bnces.
The N err val j.d ukat i n f Vi ;]

(Ner]) bi ¢ S0pney v, M50 18, BRIRATIENGEE 'hlcaet, Mo edibipdh Ehde
information (@ikely 'ae/qdeg, for. spec‘EI)lciaé_llyuﬁﬂﬁntai fraieg with the mddmlation
specific long® g i di i

G5 i t¥ePr). In this enbddient, . it is preferyed. that the
nodul ati on sé%%%@??&&%%d‘éd%&fi*@ﬁ g T‘St%PB‘RI?E“Sﬁ}é?&WZ’é’& dgfpition e

Cross-correl %ﬂﬁg&de informatio® (CORSPrisisiS ittt theloh cbEe gﬁbﬁbi&dé lWhﬁéh idkntifes

val i d nodul at sequence nay result”in . anot her valid nodul ating
sequentb (or thnspbsstof pessitie fongtcodesaised in scrambling the downlink transmission, or the

actual long code itself). Thus, the long code information may be distributed over both

the sequence of the combined codes € in a frame and the modulation sequence

s/leci
the combined codes T llc.i within a frame. Again, the modulation selected for

defining the frame timing information and long code information may be either
20 coherent or differential. |
Turning now specifically to the third embodiment of the present invention,

there are N in number possible valid combined codes €, ,, .. These N_,,_,

s/leci

combined codes may provide 1'<:>g2 (N ) bits of information for use in conveying

s/lci

any desired information. The combined codes ©

/104 1D @ given frame are further

25 placed at one of a number of possible time shifts in relation to the corresponding pilot

code. In general, then, the sequences of the combined codes formoneof N, . in

number possible valid distance sequences specifying the timing offsets t, between the
each combined code ©,,, , and its associated pilot code c_ for the slots in each

frame. The N_, . valid modulation sequences provide log, (N ) bits of

t2-mod
30 information for use in conveying frame timing information and/or long code

information.



In accordance with one nethod of present invention for recovering the 20

transm’tt QJ; tion, by applying a [err]-matched filter, the m)blle
station (rece| VEr | ocat es each of the slots, and R/ SE
| ocation of the conbined codes [err]. This correlation furt her

provides a channel phase reference useful in coherently detecting
the conbi ned codes [err] wthin the sIoth The receiver may then (for
exanple, in : parall el) correl ate 6he recei ved conbi ned codes with

each of theTh/I pom??bl e g‘gaﬁlf sv\v/@ ofe Sﬁe& N[ er t]mger{m bke fq%gn‘%)l nedthcode
sequences i's emﬂh T e
N err]*M sedigaeffedihfolthatic, by bpplyng a/al Mchedﬂmﬁmemobﬂe statiod @édelvedy

sequences ochorreI atlon vaI ues (co ri%ing the Nerr]*M rows and’
M col ums of lacateseachefithe slo qmr%matqlasﬁwn(qﬁﬂlm@hmm@m al |

cgfumﬁs and I\ﬂ,g;;h@@%@%&ﬂ@%&%@%@gﬁ@g&%&&%ﬁg&@o@r e%%?f'%l%a{néall be

mat hematsi cal |imingfisets fidrettie bombined codes © c aiq withinithe slats, CIDn@fa vdlid distaside

matrix (Z2) by the second trix s pr.ocess,
conpensat i on Segrencedeiatng ”%“pﬁ'é@é“?él g8 9f the ?P%E’E'S@lﬁPdesAﬁsasi rat e
of the detected, that distance sequence then prov1des the bits used to give the filatfe timing

channel phase is obtained fromthe pil ot code correlations (as nmentioned
above). The mformanonanélmmde(i@m;mmat g| ves the best match (|. .,

hi ghest magni t ude) cat code.s

N[ err]>1) that vvas g:lgst({nﬁﬂgmsﬁtggplal(ﬁé ‘E‘ﬁgl“‘?emb°%§¥3%‘ré} 4‘ rmﬁs[eflbn)
whi ch gfy ft viagention) sHdwiin RIGURE 6Bgihe gfofrhaivh Bitsof scHcombinkdé6de 8L | ON) |
and further indicates the nodu] ati on sequence that was used (thus

provi di ng t heiti dffgmesae the-mamei: gagh slot, and comprise any selegted predatergnined and

Seauence of rHoaalol R ﬁﬁ%ﬁ%ﬁéﬂs iR Sedunco R applicd o P hicple

sel ect ed degrmemdedheoxhhmgdcmtésa Nf.QLWBE] AN, AN .i UP} i€ gtliy!4 QGhﬂnna@-atdme
frame timng 10

formation (uni ylgo yi.ng the, sso at d. sl ot).
A predet er mi n¥db8 Lﬁ%@c&nsequenci @?—? ‘pféiy fl!sg ‘ﬁ'@?
sequencgs of  CRBigGifkefsABétween the each combined code © C, /10y A0d its associated pllOt code

©_, and further defining both the long code information (comprising either the long
code group code which identifies the subset of possible long codes used in scrambling
the downlink transmission, or the actual long code itself) and the frame timing
information (uniquely identifying the associated slot).

20 A more complete understanding of this first implementation may be obtained
by reference to an example. A first portion of the distance sequence for the combined

codes ©_,, , explicitly defines the long code information, and a second portion of the

s/le
distance sequence explicitly defines the frame timing information. Care must be taken
in selecting the patterns for the first and second portions of the distance sequence to
25 ensure unambiguous detection ability. Thus, certain valid patterns for frame timing
information comprising the second portion of the distance sequence must be excluded
from the valid patterns for the long code information comprising the first portion of

the distance sequence (and/or, vice versa, if appropriate).
In a second implementation (relating to the third embodiment of the present
30 invention) shown in FIGURE 6F, the information bits of each combined code T, ,
in a frame are the same in each slot, and comprise any selected predetermined and

known information. A predetermined distance sequence is then applied to the multiple



[err] within a frame, with the nodul ation sequence
values (eWO99/422731, -1, +1...,+1,-1,-1) conpleting the expli cipcTEEoBMis3ron
of the | ong code information (conprising either the | ong code group
code which identifies 15 t he subset of possible |ong codes used in
scranbling the downlink transm ssion, or the actual |ong code
itself). Thus, the long code informati on-Xhy be distributed over both

t he sequence of the conbined codes [err] in a franme and the nodul ation
sequence includedeombsined coalds Sogles [ eE€r) wijhin a {rame. Agayithin

modul ation sel gcted for %éi;i:ni 'g'll't”’rv‘:n‘e frame Ei rﬁ’ﬁi‘@*'f’ﬂforr{a{air%r?eénd

| ong code i nfWithdhe Sistancs ssguence values @.g., dedibr o b FPesityms thet individual

Turni ng now stﬁgﬁ{gf' I edr e ehd @;ﬁ&ﬂ of Laventd on, -
there are Nerr] |dﬁ§%%%ﬁposgfw%a 1d co inﬁ&%%@ég){sgécr?%b tecgge '
N[ ]?rr] N fcp,mmmeﬁnnhgslﬂtuythpﬂang’dﬂemgmnﬁc}n gd&hqafﬁsjﬁg fimeaﬂfg_rlﬁng _

i nformatj on for, use in.convey.i.ng. a i red infornation. e
conbi ne code?dfm?@#w%é%qs&?@mﬁ?t@?%ﬂweﬁ@ﬂw uspddn serapblipge of
a nunber of pPBESARMRidK Wandihiséibh, of thé aBiuaPlodg cbie iSENY gfﬁﬁngﬂe I%Jnﬁg
code. In general, then, the sequences of the conbined codes formone 0

Nerr] in  informatign (aaiguely identifiing she assacistedistas). sApredeterminpdmotiylationt he

timng of fset et wee he . 1. 4 ach c i ned .,cod er nd i{s
associ at ed pi%@i‘g%odeyg?eﬁ;fl rppligd o tg) o&‘g i “@ﬁ’? inclided L"?F‘Hﬂf’a Tﬁb‘{es
N err] valid EQHQJ a} iaar}laelquences P"E’,Vi de | ogithid b frihe! Whith Biet mo@hladin
information for"use in'cohveying fra Fr'fd ng | nformation-and/or |ong code
i nf or me%q on. sequence values (e.g., +1,-1,-1,+1,...,+1,-1,-1) defining (opposite from that defined6-

I n accor dancewmj't t ' Rti-on . [ ng the .
transmtted in Or@%ﬁgﬁﬂ%&ﬂ%&&%gﬂ%&gﬂﬂ% eﬂr-r grlﬁa.lggé%@ bln W&en?&?heeﬁ’%bﬁng
station (receinfemation. | ocates each of the slots, and hence the

approxi mate | ocatiqgn of the gonbi ned coges ) [err].. This correlation
further provides a%t mﬂrﬁmgf’e?@"ﬁﬁ@qﬁ qfﬁwea%ce-nﬁﬂgmlﬁ@emsﬁon may #eng
of fsets for t§samenBy MereRORSohfckkmpledi il BrdtRRanblR! fhe niStfifatn'dlhdhoe

distan Cf 5 for the combined codes €, ,, . indicates the frame timing information and the distance
sequence for the timing offsets t, indicates the long code information. Conversely, in
a second example, the modulation sequence for the combined codes €, /164
the long code information and the distance sequence for the timing offsets t, indicates

information the frame timing information.

-

indicates

20 Reference is now made to FIGURE 7 wherein there is shown a block diagram
of a direct sequence code division multiple access (DS-CDMA) spread spectrum
communications system 113. A base station 112 for the communications system 113
includes a downlink transmitter 110. The transmitter 110 ﬁ‘ansmits a number of
channels on the downlink, and includes a block of channel equipment 100 for

25 information carrying channels including both dedicated channels 114 (including both
traffic and control channels) and common channels 116 (also including both traffic and
control channels). For each of the dedicated channels 114, a digitél symbol stream at
a basic symbol rate is received on line 118. This received digital symbol stream is
then spread to a transmit chip rate for output as dedicated channel intermediate signal

30 on line 120. This spreading operation involves applying an individual channel unique
spreading code C, 4 (often referred to as the “signature” sequence)- to the received

digital symbol stream that increases its rate. A Walsh type code (w) may, for example,



sequence relating to the neasured timng offsets of the conbined codes

[err] i detected, that distance sequence then proy Its
used to SYV\(/)e”fl 2enf rane timng i nformati on and | ong ?5%25%9%?539

i nformati on. In a first inplenentation (relating to the
third enbodi nent of the present 10 i nvention) shown in FIGQURE 6E, the
information bits of each conbined code [ery] in a frame are the
sanme in each sl'ot, and conprise any sel eCted predeterm ned and

il tpl o b uaS i Bt BRGLE kAo bt BEE gRAHRATE imbel” FrgiBplEion

with the di Sto?'ﬂf@ch‘éﬁﬁbl%ﬂme‘éﬁewﬁg(c@deistyg{cﬁn{r}na%ﬁirbhgli‘%rﬂsk of a sprtalér’ | )
speci fying the individual 15 timng offsets t[err] "between the each
conbi ned codd?22dmplementing; for example, a nuytiplication o modulo-two additien.r |, and

code gr oup. code wrikHPRAE RIGERF, B ipedichle ok Baot GRS Siiibn” diatless LB, 7’
scranbl isng  (including the €ohénuhl brokdcastvoatiobctianme] (BCOH)R: AQﬁ?ﬁil syrabdl stRdm

itself) and the frame timn i nf ormati on (uni que i dentifying the
associ at ed sI%@)"@Qéymmuate%rthﬁ%wm@ﬂ%mﬁﬂ&@ R Hﬁ?ﬁl%‘b 'Shlstfﬁ?%"qqgr st

I mpl enent at i Halh trghggﬁ l.& I rst
pglrot i on of tﬁégggiﬁgﬁg%og%sequgﬁ(%mf gr thtgb%:lo | nggﬂi‘bera{eofo?%ugié\ggg of‘enrnﬁlil e
explicitly dedhamesd internddiate signaleon lirieot26at This spraading operationl invoives applying he
di stance sequence, ¢ icitly defines.,the frame tjmng iptormation, Ca

rr{Jst. be takglrjﬁn‘na“‘i(“g{ él}ahnglyéqnwp:snm °Bé? eefﬁqﬁ‘?wgf'{’fgé‘ﬂ%mg’ﬂl HStE%Er ’oend
porti-ong of - tfg: ifEeh@l %8 rit€ QUOWERh bfpelode (\%v) ﬁﬂ?,%?eﬁ%gﬁ&iﬁﬂﬂlb% wHEd REFHRON

ability. Thus, certain valid patterns for frane timn i nformation

conpri si ng t hanigesspréading codmobHthetdemmion {Qrehanradq Thacppheationnf thg chanmely
fromthe valid.patterns for,t. . i r LON C | Si the first
bortion of - il siEbiting e ipichlf RAE Al B Lot £SHRIA-E 126,

appropriate). Each of the channels'1 13 o2dd 6 iy inpludeapodicr adjustbnblevige 148 t he
third enbodi nent of theﬁﬁresent 30 IL.nvention) shown in Fl GURE 6F, 't he
i nf or mati on bthat peacessesthe gopsmated plyml dedigated and commaonpchanpelintermediate, o

sane in gach gg,gan;r &@eﬁglgyﬁéssﬁog%u&%k@eﬁ@&ummﬁm LAREb1 39¢k th

. it
known it or ma predetermn | Stance sequence IS then ap,p?| ed to the
mul tiple power of each channel. The power controlled intermediate signals are thefiadded

together by adder 150 to generate a combined signal on line 152. This combined

signal is then scrambled by a base station unique sérambling code C, (referred to as the

“long code™) to generate an output signal on line 154 for multi-channel transmission

20 over a communications medium. Any suitable scrambling code may be used for the
long code. The application of the long code is typically made through the use of a
scrambler 156 implementing, for e_xample; a multiplication or modulo-two addition.

The transmitter 110 further includes a block of channel equipment 102 for

transmission of acquisition-related (i.e., cell search) channels 116' such as those for

25 use in base station acquisition by a mobile station (like the pilot codes C, and long
code groups codes C,) which do not use either the short Walsh type codes C,, for
spreading or the long codes C, for scrambling used by the dedicated channels 114 or
common channels 116. These codes are used for receiver acquisition operations, and

are collectively commonly referred to in the prior art as the “long code masked

30 symbols” since they are transmitted with the long code C, removed. For example, with
~a pilot channel 116(p)' one of these channels 116' (comprising a primary

synchronization channel), a known symbol (such as “+1”) is received on line 130.



I ncl uded conbi ned codes [err] within a frane, W t h
t he di st WOP98&dence values (e.g., d[err],d[err],d[err], .. PCRARISOISI7
speci fying the individual timng offsets t2 between the each
conbined code [err] and its associated pilot code [err], and
further defining either the long code information (conprising either the
long 5 code group code which identif}®s the subset of possible |ong
codes used in scranbling t he downlink transm ssion, or the actual.

| ong code it sBhi$ yeceived known symbol isithen spread to a trarsmitehip oate fomoutprat as pilot

I dentifying the agsqci at | of,) . erm ned nodul ation .
sequence is t%ﬂnﬂjﬁkm%ﬁgﬁggﬁg %ﬁ%ﬁs%& FWSS@“&SRW%SB mynjyes applying .
[err] a pilot code TWitblthe réceived@igitdl §finbdlestitRaUihat imtfeabls its ratteqAgNCE
values (e.g., +1,-1,-1+Y ..., +1 -1,-1) defining (opposite fromthat defined

with the di sterthogonalgoldade may, Furexample; bawsediforthe miicteharnel: The application| ong

code | L O sins er st andi ng of
this secsond iér’rt{#lghgﬁl{éﬁ%?é% ui/ emadethmugﬁ(%?{éi&n% re gggel'nce to some
exanpl es. In a firBhrteerafarlekample ashaileprocess eiislemented for a combitddacode
conbi ned codes [err] indicates th% frame fimng. information and the

di st ance channeldd ig)anerof thesse mﬁlﬁblé;ﬁmesmeaﬁmnéwmh@nmﬁgncode
i nformati on. &%Bﬁ S Wl . qeﬁm : MU'

sequence for the glg'ngllﬁyérab@oléégce?rdr ﬁlﬁﬁg?g'at es s§1b1§ﬁﬁ?ﬁg‘§ ongllé&gtclilgn

i nf or mati on aspleddte adifansmit chipgatgfermupitas atchmbiredicode iftéreetiinte dgnaldndimees

I nformation t frame tin.ng infarmatiqn. 2 Q. . .Reference js_now
mde. { oL CLURC: \HHER SThading PereBOR Hygives SRR SoyRbifed Sode <. n 1 e ect
sequence codekgliwh SyRBoll\thdti iREr@aRS GRSYMHBSPTAN AN 2Rh686hat REd ESUR may, for
comuni cations system 113. A base stafion 112 for the commnications system

113 i exAnplesbaustdyar thekcombinedtodes r Thel applivhtion pfitherdombined ¢gde is
transmts a n e S ownl i nk, and includes a
bl ock of chanﬁﬁ%lagﬁ%dﬁﬁo%ﬁ?g%ngwg&d%ﬂ %irj'rrat i on carrying channels

i ncl udi ng both dediBagh ef tiehstanatls 116Yméay madludd Agowet hdjustment devica 148 ahand
control channels) and common channels 116 (a] so, i ncl udjng, both traffic and

~ cont r ol 12hannBfogsssesgie g_?&&ﬁt‘?ﬁp mm@%@%&l@ﬁhﬁﬁ%ﬁl@ : qnylings H2mda}408enhol
stream at off ctts1€t %ﬁl'vfdﬁy Eottol 'ef tﬂestr&ﬁ;rﬁi if&'\gexo&f ¢dchShhnie]. H‘Hetspoc\ﬁrp

recei ved digitaf= r?bo streamis- en spread to a transm
rate for out pobntasiledeititeratedibte Isigmalsl forntherchadnels d 161 greathed selectively added

oS P R R bR o B o PRy e AR A, o
sequence) to {dgekeRsBiateshsmitter outpiti dbivhAinkSHEH® on HrieCKED fob MansfskRASCFhe tS -

rate. A Walsh type code (w) may, Tor exanple, ) ) .
20 power control process may, if necessary, be implemented in conjunction with the

power control exercised over the dedicated channels 114 and common channels 116
to maintain a substantially constant power output from the transmitter 110 as various
ones of channel 116' intermediate signals are added to and deleted from the overall
~ transmitter output signal on line 160. The dedicated/common channels 114 and 116
25 and acquisition- related channel 116' of the output signal advantageously then share
one transmission communications frequency on the communications medium (air
interface) 162 to a mobile station 164, with the multiple signals appearing to be

located on top of each other in both the frequency dbmain and the time domain.
Selective addition of each channel 116’ intermediate signal (such as the pilot
30 code intermediate signal or the combined code intermediate signal) useqd for receiver
acquisition operations to the scrambled output signal for the de&icated/common
channels is controlled by a plurality of hardware and/or software switches 164. One



- 18- be used for the unique spreading code of the dedicated (d)

channel . | cation of the channel unique spre
typi cal | y%&@ﬁ# ough the use of a spreader 122 i npaﬁéﬁgﬁfs?"ﬂgﬁ for
exanple, a multiplication or nodul o-two addition. A simlar

process is inplenented for each of the common channels 116 5
(i ncluding the comon broadcast control Q?nnel (BCCH)). A digital synbol

stream at a basic synbol rate for“the common channel is received on
line 124. Thlsr It treamis then spread to a
transnit chi pSVEF eﬁ?%?s Brovidsd f%eaé’gr’rﬁagﬂ‘fwbm?emeéﬁgﬁwﬂr W@r%&l‘ﬁ%‘é"yﬂ fgnal

on line 126. ¥RitcheseRgdhdifeidatiior éR2teBP B AdcBrliance wi th thig4klecti
i ndi vi dual channel unérgge spreadi ng code err to the recel ve gl taI

synbol st r eanpPReration p rmedchyeeér@@bes 164,rwhen anjindiztidial one of thedwvitchps isaya f or
exanpl e, agai r eadi.ngy.code of C nnDn
(c) channel. %’R gﬂgﬁl ca §PSIPHI(=} gﬁaﬁﬁ%ﬁ%&%%}' s°h§ Hﬂ% ?ﬁ?‘gahuﬁg

is typically nnﬂ&spohdmgghtel‘mwm:gialas passebor to théower adjustment device IESCh
of the channels,k 1 1 i nc] ude a power adjustnment device 148

that processed ‘iﬁé‘ﬁgﬁ& éPB\Se%?I‘&r‘K %@&.S&&%@ nfsesondiBhysiealfiegiral position

I nternmedi ate trated n

i ndi vi dual cogér o‘usover @h%o%i?gﬁg%%%l“) S c%gl%we‘?dﬁ %ﬁ%ﬁeﬁ%&%g@ﬁlﬁe
pg\éver gggt { ol ipessed.nt Eherehkinnek 136'gintdrmediate sjmalsa(iideziﬂas rf‘or the plldstoggtebmndby
adder 0 generat.e onbi ned. an,l ine i s comhi ne

signal is the%oglgfugh’ﬁf"g ) %@%&Heﬁlﬂd‘ﬁm&e&ﬂcg n?%%“@f%?’h]

(referred to ase dgpfopriate switch 164QeRcEIBE st b&lﬁs&ﬁhaic&earby%ﬁdw&w GPtheON
line 154 for multi-channel transm ssion 20 over a communi cafi ons

nmedi um Any sgPresRoadingintesnedigtecsignal of gharchanmely 1116}istadded to, and transroiited
code. The appl | le t hrough the use of
a scrvgﬁghgér)&f@%tl np en@%tlli%g,ﬁdf%r exarrpg*]lkéi ltiplication or

modul o-two addi ti orThe mobile station 164 red'dieestmalibmmihkrs@xﬂb frafisohieted iover ﬂﬂes a
bl ock of channel equ 4)ment 1Q2 fg trapsm,ssion of
acqui sition-ré&pP tiogs m 62, 2} PEQRSsSes | the signals i fthe dmjqussmaneer o 5

use in hase st&&drmedasaw t%'réthﬁ@rB'Xm@tmgllﬂohhéﬁﬁrgﬁh&ﬁlbﬁ&a%%eﬁhf&fnafei&?her

Cerr] and logngln code groups cod not use
t he short Wl Sthisipfumatideis tiprensefl t6 synchronize the mobile atdtiony 164 ta the bhsersiptiondes

C, for scranbli ed cat e neI S 4. or.

channel s 116. 1112%&!5 d '"‘“%lrggu%%ﬁ ?Fesrynﬁéangfltﬁhsﬁn%]&%%%ﬁ%? and
ar ekcgl | ecti vehaymeﬁrfeealvyaﬂ&ieeév@mdﬂfdrmahbﬂbahg&anmheaavéﬂtﬂe dédidiedRide
maske

common channels. In general, the processes implemented by the mobile station 164

20 are referred to as despreading since the correlation operations performed effectuate a

removal of the spreading sequence from the received transmissions. The outputs

resulting from these correlations are provided to detectors which reproduce the

original informational data stream. The form of detector used depends on the

characteristics of the radio channel and complexity limitations. It may include channel

25 estimation and coherent RAKE combining, or differential detection and combining,
as necessary.

~ Although embodiments of the method and apparatus of the present invention

have been illustrated in the accompanying Drawings and described in the foregoing

Detailed Description, it will be understood that the invention is not limited to the

30 embodiments disclosed, but is capable of numerous rearfangements, modifications and

substitutions without departing from the spirit of the invention as set forth and defined

by the following claims.



30 synbol s" since they are transmtted with the |long code (err]

renoved. WO %2l e, with a pilot channel 116(p)' BCE/SBP8/0153TeE
channel s 116" (conprising a primary synchroni zati on channel), a
known synbol (such as "+1") is received on line 130. T

-19- This received known synbol is then sp:rimll \ag) Cchi p
rate for output. as pil ot channel -2nter nedi at Hﬂuﬂlmﬂmmh%
Thi s spreadi ng operation involves applying . a pgilét Eode [serr| to
the recei ved WHATAS GIYAIMEDS: eam t hat increases its rate. An

orthogonal gol d code may, .for exanple, be used for the pilot channel. The
application 5 gfof tME%MWMIW@OWWmm a

spreader 136. 49de issio: comﬁﬂﬁifn er, for exanple, a simlar process is
I npl emented for a co%ﬁ ned codle E channel 116(g)' one of these -

channel s 116' (conprepsating framecomprisingy phinalityiof alotsyn channel). A
synbol is received on.line 138. Thi.s possibly kno S ol is then _ .
spread td a transnPtPTURfY BHtcﬁaF- %s¥§’°€f9\#g‘ﬁ%ggéhﬂfe°ﬁ JFPAYINGt o
signal on Iingah@: and 140. This spreading operation involves applying a
conbi ned code [err] to the ' known synbol, that -increases its synbol

Conbi n/;g 2252°g°”iaas§g‘fic ?m i’.th %omifzdcgiﬁéﬁg%lg‘m . t i cally
made t hrough Pﬁgﬁdggpg?cegé”‘goﬁ@gxgl&mﬂ)?&m ¢timing and a scpapbling °‘¥d%ef‘c’r the

channel s 116" dowilinkahnsisissiopower adj ust mnent devi ce 148 that 15

processes the generated plural intermediate signals received on |ines 132
and 140 to ef fectuate individual control- over the transmt power
of each channel. The po t .| ot ek lLate siqgpals for the
channel s 116' are ?hen se°e€‘%rf’v‘aé|‘§/f8 edi%h&gld %ﬁ c')'é%’ ‘%&0%%%8{’ & e
scranbl ed conssrambling tpde iscogveyiedibycthe contbined dode €154 ligelfdder 158

to generate a transmitter output downlink signal on T ne 160 for

transm ssion. The 2 0 power control process may, if necessary, be

i mpl enented in conjsunct ity kbt $#\@aim 1 whereinHBYEifoRARM R fraBe"

t he dedi cated channels 114 and common channel s 11:)1”fo Jﬂelﬁ?‘?ﬁatﬁﬁ al\rﬁ3 a
subst ant i al | ytioungiszonveyedby madujationfvalnes,tselected amaocordance with a I

ones of - channglo 36/l L Sorh b fnikd 394°E 1 0 S9flndgkgaed rom the

-

4, The format of claim 3 wherein modulation implemented by the
modulation sequence on the plural combined codes €, ,, . within the frame comprises
binary phase shift keyed (BPSK) modulation.

5. The format of claim 3 wherein modulation implemented by the
modulation sequence on the plural combined codes © within the frame comprises

quadrature phase shift keyed (QPSK) modulation.

s/lci

6. The format of claim 1 wherein the information relating to the frame
timing and scrambling code is conveyed by modulation values, selected in accordance
with a predetermined modulation sequence, for the plural combined codes €,
within the frame.

/lci

7. The format of claim 6 wherein the modulation sequence comprises a

first portion and a second portion, and wherein a pattern of the modulation defined by



transmtter output signal on line 160. The dedi cat ed/ cormon channels 114

ZSSaﬁSSgi‘ius|”y’2%”ESna§ﬂ§'rZ' IR VDAL PR < 37 o 23 ssosssine

frequency on the comuni cations nedi'um (a| r interface) 162 to a
nobile station 164, with the nultiple signals appearing to be

| ocated on top of each other in both thejfyequency domain and the tine
domai n. Selectlve addition of each channel 116

i nt er medi at e § diate. si | or
t he conbi ned co H?ftg&rhc& I a e Sl gna%)gqusg ovrl&%cej@gl v nretlﬁm tﬂ?ﬁ‘
acqui sition cﬂnanahmng, dral 4 pattesn of the mddmaﬁmlﬁeﬁmw tHeQ¥ecétitEportion of the

dedi cat ed/comm(rll . channel s..is controlled by a plurality of har dvvare'
and/ or <of t namedulation sequenge pro sthe ormation relating to the scramblmg code.

- 20- switch 164 is provided for each individual internediate
signal, with the plurality of swi tches bei ng i ndependently or

commonl y selected.8In aE'b@fojmtefM6Whemmalpatt¢mmfthemodulatlondeﬂii
per f or med by 164 when n.. ndi vi.d e. svmt S i
first physica PU&"@%P“ ?ﬁ”g YProYIdes %ﬁ?gﬁ Blr? u%‘i? ?‘B‘&!ﬁ@&)
the 5 C%dd%%ﬂﬂ@ﬂpﬁ&tlﬁir@iﬂ@ﬁh@‘iﬁ‘oﬁmﬁﬁ@{ relfingas W re ?e power

adj ust ment devi ce and adder 158. Conversely, when the switch is
in a second phyS|caI/Iog|caI p03|t|on (as illustrated by broken

| i ne arrow 146), ng cor al.

The channel 116’ |%’t errre é SI gn f%&é@%ﬁ&?a&gﬁﬁ* Hgfogp?.%?nﬁe&}ggga\gﬁﬁe
conbi ned code&)mnbmgamiwﬁbm@e@bymomunedbaﬁs JAtitssleh i nstance

of transm ssi on, 10 the appropriate switch 164 Y&f%cts the first
position (indicated by arrow 144) and the correspondi ng

internediate si gnago of cfa(;ﬁ%%wﬂefeﬁ%ﬁfrﬁxaf?@?efaﬁﬁ&%ﬂéﬁﬂm

with, the dedicate channel S 114 mon chann
The nobil e stﬁmﬁr@nnﬂ&omﬂﬂmgwedehwenmymwmoéﬂ@mlvﬂues,&w&ndcmdamé he
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code i nf or mat 8Min the frame. Thi s information is then used to synchroni ze the
nobil e station 164 to the base station

11.  The format of claim 10 wherein a pattern of the modulation defined by
the modulation sequerice explicitly provides another part of the information relating
to the scrambling code and implicitly provides the information relating to the frame
timing.

12.  The format of claim 1 whercin at least part of the information relating
to the scrambling code is conveyed by a sequence of the combined codes ©_ -
included within the frame, the sequence further implicitly providing the information

relating to the frame timing.

13.  The format of claim 12 wherein further information relating to the
scrambling code is conveyed by modulation values, selected in accordance with a
predetermined modulation sequence, for the plural combined codes ¢ within the
frame.

s/leci



112 of the._conmuni cation ce synchroni zed, the | ation
164 WO 99142373t hen reﬂmmhmmlm,?’w the information bJ@#@gﬁ tted
over the dedicated and + ¢ L annels. In general, the processes
i mpl enented by the nobile station 164 20 are referred to as despreadi ng
since the correlation operations perforned effectuate a renoval of
t he spreadi ng sequence fromthe recei ved-#3ansni ssi ons. The outputs

resulting fromthese correl ations are provided to detectors which reproduce
t he ori gi M iffh@fmateﬁ@mﬁa’hﬁ%am@m@ﬂaﬁmmwsed
depends on th dulati

e megplption AR eRplhy ShoRbed Pl RR CTHE MomBion ol

limtations.

conbi ni ng, or totthé saamblinglcodet ecti on and conbi ni ng, as necessary.
Al t hough enbodi nents of the nethod and apparatus of the present invention
have been illustrated in the acconpanying Draw ngs and described in the

f or egoi ng t arihe FolRSCSs dhihP ] whekeildd Uﬂ?ﬁr th

i nvention is not | |1$r)1et e? tooﬁqﬁ'e 30 5'lhper"’r’l{)ﬂodl neeh%hspﬁ?sc oggggﬁwiﬁé%%%abl e

of numerous r fany #sgespeiated primatyfcode G dns doictby a distance spedified by kipattern of

b Ehout depa g O 1 o ad Wk iA T poferd or iandc2l W0 EDFb B "o
-21- Mﬁﬁnﬁ@sé&h&%ﬁ&s the information usefit in idenffiRg e ﬁ{m{? s
_division nmultiple access downlink synchronization code transm ssi on,
conprisi®g: scramblingcode. a repeating frane conprising a plurality of
slots; 5 a primary synchroni zation code [err] repeated in each
sl ot of the repeating frame; and a secondary '

synchroni zati on congj nedhedoendtOf Elaird 16 Whikdi thetfiQantRisb@ience compristsQffitht i N
a process for identifying hoth a frane timng and a scranbling code for the
downl i nk t r anPaTtieniagd a second portion, and wherein a pattern of the distances defined by the first
portion of the distance sequence provides the information relating to the frame timing,
and a pattern of the distances defined by the second portion of the distance sequence

5 provides the information relating to the scrambling code.

17.  The format of claim 15 wherein the pattern of distances defined by the
distance sequence provides the infc‘)rm'ati-on useful in identifying frame timing, and
wherein the information relating to the scrambling code is conveyed by modulation
values, selected in accordance with a predetermined modulation sequence, for the

5 plural combined codes © within the frame.

s/lci

18.  The format of claim 15 wherein the pattern of distances defined by the
distance sequence provides the information useful in identifying scrambling code, and
wherein the information relating to the frarne timing is conveyed by modulation
values, selected in accordance with a predetermined modulation Sequence, for the

5 plural combined codes © within the frame.

s/lci

19.  The format of claim 1 wherein the primary code € comprises a pilot

code.



2. The format of claim1 rein the information relating to the
scranbl i ngygoeia2izs conveyed mll‘ﬂlmjﬂmode [err] itselfor/sEes/01537
A mation relating to the frame

3. The format of claiml A
timng is conveyed by nodul ation val ues, “sefected in accordance with a
pr edet er m ned nodul ati on sequence, for the plural conbined codes
[err] within the frane. “44- The format of claim 3 wherein
nodul ati on inplemented by the nodul ati on sequence on the plural

- conbi ned codes w4 N Thefoknaf s i‘,@&%%-n cran?ﬁ hi keyed
(BPSK) nodul at i on.id:| aﬁ?ﬁ eﬂ%eosr ma %%ﬁ%&%ﬁg”%ﬁ%é@nﬁ
nmodul ati on i medenent ed by the nodul ati on sequence on the. plural
conbi ned codes [err] within the frame conprises. guadr at ure phase
shift keyed (QPSK) nodul ation. ' 6. The format of claim1

wher ei n i he | nf or I, ONATBHGEvisior Bl Modommunicarlouisy e Corspriaf | O

code is conveyed by nodul ation val ues,” selected in accordance th a
pr edet er m ned nodud heseostation, transnaitter or gensratingr s dowolivk syuchroniestijrecode
within the fr sl . s 7. The format of claim6 wherein the
nodul ati on sequencsgloélbﬁ.br?Pgse]Islga first portion and a second portion,

and wherein a pattern ofrépestingfiama comprididgiaistaralivy of slots;
5 a primary synchronization code ¢ o, Tepeated in each slot of the
repeating frame; and

a secondary synchronization combined code €, s101 Providing
information useful in a process for identifying both a frame timing and a

scrambling code for the downlink transmission; and
10 a mobile station for receiving the downlink synchronization code transmission
and recovering the information useful for identifying both a frame timing and a

scrambling code.

22.  The system of claim 21 wherein the information relating to the

scrambling code is conveyed by the combined code © itself.

8/lei
23.  The system of claim 21 wherein the information relating to the frame
timing is conveyed by modulation values, selected in accordance with a predetermined
modulation sequence, for the plural combined codes T, ,, ., within the frame.
24.  The system of claim 23 wherein modulation implemented by the
modulation sequence on the plural combined codes €, ,, ., within the frame comprises
binary phase shift keyed (BPSK) modulation.

25.  The system of claim 23 wherein modulation implemented by the
modulation sequence on the plural combined codes © within the frame comprises

quadrature phase shift keyed (QPSK) modulation.

s/lci



-22- ' the first por n_of the nDduIatlon sequence provides the
i nf or mat iwaposret2asi ng to th%l!i’ m, muﬂﬂtm"’m and a pat t @OT/SEISOIE37
the 5 nodul ati on sequence

nodul ati on defined by the
provi des the information rel ating to tHe dcranbling code.

8. The format of claim6 wherein a pattern of the nodul ati on defined by
the nodul ation_sequence explicitly provi-ggs the information relating to the
scranbl i ng code and inplicitly provides the information relating to

the frame timng. 26, TheslystemofclﬁmZI wﬁ%ﬁﬂfe@forﬁi‘ah%%ﬁh%g%’é%@
e

part of the information relating to th scranblin I's conveyed
by the conbi fiaing sabsqrambling ¢osle|ig conveyed by modulation valges, selgtted imaceardanee '

claim?9 vvher and
scranbl i ng cod@’ 2)conv%@§ﬁ%§h€§%§aﬁg&gﬁ@gaecc?%bdn?dn&%%ggggdaMe
W th a predetwithih iedfeamelul ati on sequence, for the plural conbined codes

within the frane. 11. The format of claim 10 wherein a
pattern of the nodul at i on defined by t he nodul ati on sequence

explicitly provi d oﬁ;@ Qfan% ﬁé“% oald t he
scranbl i ng code an théﬁprow es the | o?ﬂr}fiaafulia?n rgﬁg?x}cgoom&rsﬁse
frane a firsi ptgtxon andasecond portion, afd® whereiin e phtteramif theé moklulamoﬁ daﬁnedal n
at | east part, o e infor ion,relatin aramgl i.n de is
conveyed by a\’k’%ﬁh@ﬁ? °Eﬁ’§ etf?@cfeﬂ‘g@é f‘E’F‘HSthem? fmaﬂpngaa ? hi n
the frame, thexseAHARE CandW p4tRim bf e baulMtioH aaﬁﬁmw ﬁlaesebsﬁ@f,a%h%f the

relatlngtothefrarretlmn he fornat of claim 12
wher ei n5f ur t aodvlation sequenne prevxdss thg infermpton relatmg tOsthqs serambliggsode i s
conveyed by nodul ati on val ues, selected in accordance with a

predet er mi ned nodul ati on sequence, for the plural conbined codes [err]

within the 28.  The system of claim 26 wherein a pattern of the modulation defined by
the modulation sequence explicitly provides the information relating to the scrambling

code and implicitly provides the information relating to the frame timing.

29.  Thesystem of claim 21 wherein a part of the information relating to the

scrambling code is conveyed by the combined code T, /10y itself.

30.  The system of claim 29 'wher.ein the information relating to the frame
timing and scrambling code is conveyed by modulation values, selected in accordance
with a predetermined modulation sequence, for the plural combined codes ©
within the frame.

s8/lci

31.  The system of claim 30 wherein a pattern of the modulation defined by
the modulation sequence explicitly provides another part of the information relating
to the scrambling code and implicitly provides the information relating to the frame
timing.

32.  Thesystemof claim 21 wherein at least part of the information relating
to the scrambling code is conveyed by a sequence of the combined codes <, ,, .,
included within the frame, the sequence further implicitly providing the information

relating to the frame timing.
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the modu SPoEEquence ox T ﬁm@fﬁt 2ot her hSaF?dSi HeBhalFlR | on
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relating to the scranblan The format of
claim11 wherein each conbined code [err] is offset fromlts

associ ated prinmary code [err] in a slot hy a distance specified by a
pattern of : di stances in a distanc 6sequence and wherein the pattern
of distances defi d di sfance se uence provi des the

i nf ormation usef ul i %FY"’FWHM omf@natlongelammﬁge
code. f | ce
sequence corrpsrlcmsnebshnag 00&6{3 cona@%d ?%?P%%Egﬁ@ad%’e%}) p%r %mkr;herel n:

a pattern of mmtmneﬁme@ﬂmmm foh&ldplumlcombmedcmsta‘ 9 ovhﬂhhehe

di st ance seqﬁge provides the information relating to the flanme ti m ng,
and a patter 't he di stances defined by the second portion of the

di stance sequence 5 - prOV| des the information relating to the scranbli ng
code. The format of claim 15 wherein the pattern of
di stances defined 3 thIhesystemotinlgnamwhmmoﬁhemmuenmﬁmw i on

useful inid g;lgg: t he.i nf ar mati on
relating to %%&gp&%ﬁ @ tcg tégﬁ&&%? Wﬂ}%ﬂﬁ‘%gf ormatio VQ
selected in aommmblmgbdidea pr edet er mi ned nodul ati on sequence, for the 5
pl ural conbi ned codes wi thin the frame.
35.  The system of claim 21 wherein each combined code © C, 104 18 Offset
from its associated primary code © <, in a slot by a distance specified by a pattern of
distances in a distance sequence, and wherein the pattern of distances defined by the

distance sequence provides the information useful in identifying frame timing and/or
5 scrambling code.

36.  Thesystem of claim 35 wherein the distance sequence comprises a first
portion and a second portion, and wherein a pattern of the distances defined by the first
portion of the distance sequence provides the information relating to the frame timing,
and a pattern of the distances defined by the second portion of the distance sequence

5 provides the information relating to the scrambling code.

37.  The system of claim 35 wherein the pattern of distances defined by the
distance sequence provides the information useful in identifying frame timing, and
wherein the information relating to the scrambling code is conveyed by modulation
values, selected in accordance with a predetermined modulation sequence, for the

5 plural combined codes <€, ,, ., within the frame.

38.  The system of claim 35 wherein the pattern of distances defined by the
distance sequence provides the information useful in identifying scrambling code, and
wherein the information relating to the frame timing is cenveyed by modulation
vélues, selected in accordance with a predetermined modulation sequence, for the

5 plural combined codes ¢, ,, ., within the frame.



identifying scranbling cod rein the information relating

18. The_fo of claim 15 wherein tern of distances defined b
t he vJO!Ef?@%%ce seque M Hlﬂ“lﬂsﬂl mnf ormati on usef UPCT/SE98/01537 y
eye

to the frane timng is conv by nndulatlon val ues, selected in
accordance wth a predeterm ned nodul ati on sequence, for the 5 pl ur al
combi ned codes {err] within the frame. -27- 19. The format of
claim1 wherein the prl%%ry code [errL conprlses a pilot code.

- 24- © Sytem pfelaim 21 wherein the primacy code € cpeompnsesupm
code conpri segd. Iong .. code. - 21. A code division
mul tiple access conmunications system conprising: a base

station transmtter for generating a downlink synchronization code
transm ssi on, conpr, a repeating frane

sin
conmprising a plura ¢ty 3Pe§¥%?f§°f0@m2lwheremﬂle crambling nodg gemaprises a long
synchroni zat i gggecode [err].-.repedted in each slot of the

repeating frane; and a secondary synchroni zation
conbi ned code [err] providing i nformation useful in a
process for identifying both a frame timng and a . scranbl i ng
code for the downlink transm ssion; .and 10 ; a nobile station for
recei ving the downlink synchronlzatlon .code transni ssion and

recovering the information useful for identifying both a frame tining and a



scranbl i ng code. 22. The system of claim 21 wherein the

i nformat ig gﬁﬂ | ng to the scranbling code is conveyqssHosoidfie
conbi ned co itself. 23. The system of claim 21
wherein the |nfornation relating to the frame timng is conveyed by -

nodul ati on val ues, selected in accordance with a predeterm ned

nodul ati on sequence, for the plural conbined codes [err] wthin the frane.
24. The system of claim 23 wherein nodul ation inplenented by the

nodul ati on sequence on the plural conbined codes [err] within the frane

conpri ses bi nary phage=ghi ft k ( BPSke dul ati on.
25. The system of cl ai*nt 23 rein n Rat i*on |i enertt ed by the .
nodul ati on sequence on the p{urdal conb codes r] within the frame
conpri ses guadr at ur efphagp-sh-ft keyed (QPSK) nodul ati on.
- 25- _ _ 26. The system of . claim.21 wherein the information
relating to the frane timng Cr a4blgj o} I's conveyed by
nodul ati on val ues, selected in acco e afo(Pm’ghﬂgnpredeter m ned
nodul ati on sequence, for the plural conbined codes [err] within the
frame. = = =
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27. The system of claim 26 wherein the nodul ati on sequence conpri ses

a first PY¥O9PARR7ANnd a second portion, and wherein a pattern RIJT/SESS/01537
nodul ati on defi ned by the first portion of the nodul ati on sequence
provides the information relating topyhe frame timng, and a pattern
of the nodul ati on defined by the second portion of the 5 nodul ati on
sequence provides the information relating to the scranbling code.

28. The system of claim 26 wherein a pattern of the nodulation defined by
t he nodul ati on sequence explicitly provides the information relating to the
scranbl i ng code and inplicitly provides the information relating to
the frame ti m ng. 29. The system of claim21 wherein a
part of the_information relating to ther scranbling code is nveyed
by the conpi ned code [err] itself. f g e -30. The;sysdenlof

cl aim 29 e r—tire—nfoymat | ' o he f rpgre— : i nd and
scranblbi.ng gode i gaconveygd by |nodul g4 on valjes, .qel ect @ i n acqordancg,
with a predéterningd nodufati ory sequertce, for| the fl ural conbi neq codes

[err] WIinintne rrame. 31. The systemof claim
no

Tn tne

30 wherein e e ' ' by J= ——ttre—roqul ati on
sequence exjrsficislongroodefies arfssfiei=lpagt cade} be. i rfFs/ivixtlong cadefting. . .
to the scra |imgde'a|@ ang i nplj ci Mod=sEmMqvi d t he |i nf mod= nn’l'relatingto

the franme ng, — - 32. The System af .Clai m 21
wherein at | ea!‘PdB@ﬂ‘oge‘l%é'anromm Mt rel avi AM-1= fmmo?mﬁgscranbl i ng
code i s conveyed by a sequence ofpﬁ*z;:o ped codes [err] I ncl uded
within the frame, the sequence fu “ #2itly providing the information
relating to the frame timng. :
I | |
| p— 1
* " @ . .c-p 6p " e ® ep s o @
.o [Cs/lci | IEs/lci e !Es/lci . e
mod=my mod=m, mod=my_,

Modulation Sequence = my, My, . . ., My_q= long code (framé “timing)

frame timing  long code

FIG. 6B

| . T . -

co Cp Cp Cp

“ e r(—:si/lci=long code IEs/lci=long code| . .. rés/lci=long code “o
port part part
mod=mg | mod=m; mod=my_4

Modulation Sequence = mg, my, . . ., M1 = long code part (frame timing)

 FIG. 6C



- 26- ' 33. The system of claim 32 wherein further

~informati (wolggyhm;; ng to the scranbling code is conveypérRxoso1537
nodul ati on val ues, selected in accor e wth a pr edet er mi ned
nodul ati on sequence, for the plural nbi ned codes [err] within the
frame. 34. The system of claim 33 wherein a pattern of
the nodul ati on defined by t he nodul ati on sequence explicitly
provi des another part of the information relating to the scranbling
code. : 35. The system of claim 21 wherein each conbi ned
code [err] is offset fromits associated prinmary code [err] in a
sl ot -by a distance specified by a pattern of di stances in a di stance

sequence, apd wherein the pattern of distances defined by the o

di st ance seEoenee—pm—des—Hve—o—ﬂ-e«ﬁt-lT? foefm

timng and/ 5 scranbling code. SRR 36. The system of
claim 35 whedein Lt he difstance sqquenge conprises a {irst_ portion and
a second porgion Cpmd erein a pattepn of {t he dirst ncestlefl ngd by the- »
first the di st hce provi irmat i on

relating to the frame tim ng, and a pattern of the distances deflned
by the secon( D9 f the di §€anke sequgnce 5 CQ/PV' des he -

i nf or mati on PAtd ng td the scr cod P s e " The* « »
system of Cl| Qi et n the li st ances the

di stance seque QY] t he | ul. in kdentifying frame
timng, and @%?ICD ﬁet'ﬁelolnaf g?ﬂ% Hagﬂ Cfm MB"B the scranbling code
i s conveyed by Medylatign; gequence = My uBY, sel eat @gyiin 2400 LadecPArt h a

pr edet er mi ned nodul ati on sequence he plural conbi ned codes
[err] within the frane. HGE éD

T¢ i

Cp : Cp v e cp ..

R (T | =71 du-1 :
> Ics/lci | ' Ics/Ici_ A I sflei] 7
Distance Sequence = d,, dgyy ..., dy_ = long code/frame timing

FIC. 6F

| Tf i
Cp ~ Cp Cp
_ J _
ce e do Cs/\ci dy IEs/lci - du-1 ’CS/ICi co
od-_.-mo moﬂ:m1 mod=mM_1

Distonce Sequence = d,, d,, . . ., dy_{ = long code/frame timing
Modulation Sequence = mg, My, ..., my , = frame timing/long code

FIG. 6F



38. The system of claim35 wherein the pattern of di stanggsysisionss by

t he WO 99i12373nce sequence provides the information useful 1n identifying
scranbling code, and wherein fhg information relating to the frame
timng is conveyed by nodul ati on val ues, selected in accordance with
a predeterm ned nodul ati on sequence, for the 5 pl ural conbi ned codes
[err] within the frane.
-27- 39. The system of claim 21 wherein the primary code [err]
conprises a pilot code. 40. The system of claim 21 wherein the
scranbling code conprises a |ong code. .
w =
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