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BACKGROUND Field [1001] The pre | won relates generally to data
conmruni cat wern3/oeaso8 nore specifi 3@%&‘“‘@%@\%“2”' ques for tparAUSIYTIMEING
transm ssions fromnultiple base I'n a CDMA communi cation system
Background [1002] Wreless communi catf'¥i systens are wi dely depl oyed to

provi de various types of comunication including voice and packet data
services. These systens nmm be _hased,.on co I vision multipl ccess
(ot e AMETHOD ANDARIARATHSED R T3k ALAG RN G o e
access t echFRUENSVAISSHINS FROMPMUKFIPISE! BASEISTATIONS/ EN ot her
ybi cal |y desi aned t ACOIINIA COMMURIEATIINSYSTEM: =o' 1s 05, -

ypi cal |y designe : as - 95,
cdma2000, and W CDMA st andards, which are known in the art and incorporated

herein by reference. [1003] A CDVA system nay be operated to support voice
and data comuni cation. During aBNOKGROUNI» session (e.g., a voice
call), a termnal may be in active comunication with one or nore base
stations, which are placed in an "active set” of the termnal. Wile in
sof t handov?ﬁeléor soft handoff), the termnal concurrently communicates
with nmultiplfe base stations, which can provide diversity agai nst :

del et eri ous [HWh efThecgireseniTheettermreteds gangrallly 90 dagc eorumusicgival snd meme one or
nor e ot her baﬁe tatjaons for otherrt es of .tran nissign ﬁych as, for
exanpl e, pi PBCTIRT & IRIEUUQUes Jrfpae-a LS isHHoRs L mulkiple b $R10 1904] 1 n
accor dance wdnvihh@mMEiddAos tata@r d, the base stations are not required to
be operated synchronously. \Wen operated asynchronously, froma termnal's
perspective, the timng (and thus, the radio frames) of the base stations
may not be Ba‘,lck%quand the reference tinme of each base station may be

different fromthose of the other base stations. *ACTI O\
[1002] Wireless communication systems are widely deployed to provide various

types of communication including voice and packet data services. These systems may
be based on code division multiple access (CDMA), time division multiple access
(TDMA), or some other multiple access techniques. CDMA systems may provide
certain advantages over other types of system, including increased system capacity. A
CDMA system is typically designed to conform to one or more standards, such as 1S-95,
c¢dma2000, and W-CDMA standards, which are known in the art and incorporated
herein by reference.

[1003] A CDMA system may be operated to support voice and data communication.
During a communication session (e.g., a voice call), a terminal may be in active
communication with one or more base stations, which are placed in an “active set” of
the terminal. While in soft handover (or soft handoff), the terminal concurrently
communicates with multiple base stations, which can provide diversity against
deleterious path effects. The terminal may also receive signals from one or more other
base stations for other types of transmission such as, for example, pilot references,
pages, broadcast messages, and so on.

[1004] In accordance with the W-CDMA standard, the base stations are not required
to be operated synchronously. When operated asynchronously, from a terminal’s
perspective, the timing (and thus, the radio frames) of the base stations may not be
aligned and the reference time of each base station may be different from those of the

other base stations.
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WO 03/ 007508 PCT/US02/21781 2 [1005] Wiile in soft handover, a term nal
concurrently receives data transmssions (i.e., radio franmes) from

mul ti pl e base stations. To ensure that the radio frames arrive at the
term nal vwwolsozoparti cul ar ti ne wi ndow so that they canrPo®UpR2pERll Y
processed and recovered, the WCDVA standard provi des a nmechani sm wher eby
the starting time of the terninal-speci¥ic radio franes from each base

station to ernipal . can be . adjusted., Typical bef ore a new base

station i AU VB SR SRR CHRYSE | recqiisclids BPBIBR | mi ng
rel ative to éi.@%di@ffraﬁ\eﬁﬁffr@rh HRARPILBER skutidhd. OTb érduidehA HE 281D fRinek ARivetaer M nal
and reported to the system The systemthen instructs the new base station

to adjust ithestermigalawithin pipettisylar Bme prirdavesmihatthe s erntbertreperkyrpsocesser @nd r anes
transmtted thi g i RIAXiy - netime
to the radi 5&{0?%?%%’5&# r%%%gas%g‘td er g@??s\aliﬁgg}ge Sﬁa%@s%eﬁhﬁgg@%?ﬂ he
W CDVA st andiar cermirabsgecifie didid draems efrdyetasckerbase sewior andihdatmninklasam b at i on

and a reference hase .station can be reparted via an "SFN SFN observed tine
di ff erence -b'éte‘?' Mgﬂfyehéﬁf a ?Wﬁg?sgs Rf'bsezﬁjélfcg&o J5EVR Péﬁ‘é"%ﬁﬁh&?).
This measumaaeahtionClikdRSrelatie P& that of hheferdncs bafeasthtidal i8\dett@hinel Dy the
chip-level timng between the two base stations, which can be derived by

det ecti ng t hEmMinatjapdreppried o the SYRIGOnd e Systgrprlien dpgjitetsdhe neye basetstatigRdR r anbl e

the downl i nlﬁdﬁjgtg'rf@ir&sfrﬁ%wé%ﬁtﬂ%ﬁniﬁﬁl%hﬁ)ﬂﬁlt thERdioSEARRr RSl T des
the frame-level timng between the two base stations, which can be derived

by processi nigfs (newebase statvertl eneaapprayimately gaignet! iglimg th tieachdins fraroerafroml the
transmtted t.h se stations. These two parts are encapsulated into a
report nessé’élgg?‘f{gl:%b?%&“fu?’g%sm tted fromthe termnal to the system [1007]
In certain NEGYA ShstthenW-@DMgustaidani) she timk \diffdrencehbepwéeave hew icandidate S

required to properly tinme-ali the radio franes of .a ng ded base
et o oA R o and ¢ FetBlondh basd Sialib con e AHRRRES i ot IS ENCHEeRER s at e

synchr onous limerdiffedehét dyp@ Meneabi@¥fibnt? (WRASMESFN dehsteasistckin@itic Bymbdip Bhist em
In this case, requiring the termnal to measure and re{/)eort the frame-| evel

timng as wengasyememdncipdes tyaparts.t The figgt parkproxides thecrhimlpvelifimiag betaigen w cDVA
st andar d) QR85 f | hl 3 ek ' { to
process threTEE %er oadcaggga ac ghﬁéflmg%@ ge g%ﬂ%?&%tdgtegdgge{hgtt@?f%ﬁf tll}o]glp f)eﬁjgé? ﬁg% base
st ati on can (BY) ssuencestsedde dessmanbié twtdopmlink bignals fromsthése Hasenstatiams. Thegi on

T oy S R 03 B 0 BB B o
t he pr ocessidagveaf byt frecedsing (@asemobantig) andldecsdting) @ baskdcist civaheld@hayisted Whi ch
may degrade bF))/et I: Elsrga srge(l:t?dns. These two parts are encapsulated into a report message that is

transmitted from the terminal to the system.

[1007] In certain W-CDMA system configurations, only the chip-level timing is

required to properly time-align the radio frames of a newly added base station. This

may be true, for example, if the base stations are operated synchronously and the frame-

level timing is already known by the system. In this case, requiring the terminal to

measure and report the frame-level timing as well as the chip-level timing (as required

by the current W-CDMA standard) may degrade performance. First, if the terminal is

forced to process the broadcast channel of a candidate base station before that base

station can be selected for communication, then the soft handover region may be limited

to only a portion of the base station’s coverage area and would be bounded by where the

broadcast channel may be received. Second, the processing of the broadcast channel

leads to additional delays, which may degrade performance.

[1008]  There is therefore a need in the art for techniques to time-align transmissions

from multiple base stations to a terminal. One such technique is to provide the required



[ 1008] There is therefore a need in the art for techniques to tine-align
transm ssions fromnultiple base stations to a termnal. One such
technique is to provide the required WO 03/007508 PCT/ US02/21781 3 tine

di f f er enceWQi03@80750%nl y chi p-level timng or both chip-I1eveCTHAR/Zi¥Mme- | evel
timng) froma termnal in a. WCDVA system for handover and ot her

appl i cations. SUMVARY [10091 Aspect s of> the invention provi de vari ous

schemes to 'nmedlﬂlelleg& {j %Pl wfen}:lsﬁﬁu ?Sorfl{ommwl%\)]pplﬁd R%g g)e%%pltlﬂnﬂ\ t 0 a

temiinal. o achreve nment, erences

arrival ti nésnoi teihmabim aSWi-ODMA srysm'rtﬂoehhulseers:hdbtrmmpphamonmbserved. at } .t..he
termnal, are determ ned and provided to the system The systemthen uses
the timng information to adjust the timng at the base stations such that
the terminal -specific radio frameguNm A‘ Yyted fromthe base stations
arrive.at the termnal. within a partlc ar time window, [1010] In a

first schemgiomjti rVEspdttfsf@fr @eC VR e ROVl Vafiees Stienieon® itimepdighi dtoned
into a "fine-resolution" part and a "coarse- resol ution” W&}art and onIy the

required part’ta(‘g‘)“ss’%seﬁ?'éM@@?jb%ﬁéﬁ"?'ésdﬁé’s‘f’%“a Fdie achigvetheig-digament
SFN- SEN typégin dm%ﬁws%menqa@ anﬁapaﬁﬁeg bf amgs%r@ forh rm'wsasé %Mﬁbnst 'a§n3

di f ference an level tine difference. \Whenever q%este to perfonn
and repor t tObm.WQﬁ ﬁtftb:ﬂr enomaheesdetasmined and ipeovided| toghe %M’Steﬁh ey syssnethpais e

stati ons, f,‘.leﬂﬂt-rﬂﬁ,:gl gfo@&%(ﬁﬁ td ngugthfhg tkrﬁl\()g at (th&pa%: thtﬁon& dsgxﬁlb.tlp&;tﬁ?y, t he

station |nt e Ive a reference Base station Ition
term nal al semimdspecific tadio fraraesatrdnematedtfraom thg basel siatiodsuaie ge bththe termival mat i on
in the SFN- SEN type | measurement only if required (e.g., as directed by
the system .Y ‘ET%@&"&%J?”"P?WF% frane-level tining is not required, the

ten-ninal capomgt tie flfsﬁﬁﬁheﬂnevﬁdlmeﬂifferé@eEbetv%ﬂdﬁb@ﬁsmsi&&'ﬁimyiﬂ pagtitionbd ch may
be a known fixed value (e.g., zero arbitrary value selected by the

termnal and@Ri émemesplutien a%wcﬁ tfyartsmesgvg%nea andhpp)¥ thegeayifed PRRES

level tim nqlr@'réﬁéx WhGGe uest@&ivaps.eul%ywwms SSRGS ak SHN-SFR2Epe 1
measur enent s of same ¢ , transm ssions fromthe system and so on),

or sone ot haneagurement c[ambgpamnnne@ iglocofiamestgvelrtime diferencerandda ¢ipdevak@meet ween
(10, bece = B, YRR BB SR, B fn el BT g o
system the foes listnefl oneaim nitere bake seatjons, e gennmahnnmsumnhe chipdéahtiming fér CCPCH)
Lor 3, nurber gl bR BaSketl i ST T BBt B SRS 3L
(e.g., two QémiidlQ)sodRaadesithbaamedévl timis BRIt U5RHorsASbE T the SFN-

SFN type 1 measurement only if required (e.g., as directed by the system). Otherwise,

if the frame-level timing is not required, the terminal can set the frame-level part to a

predetermined value, which may be a known fixed value (e.g., zero), any arbitrary value

selected by the terminal and which may be ignored by the system, a value for the frame-

level timing already known in advance by various means (e.g., past measurements of the

same cell, transmissions from the system, and so on), or some other value.

[1011] In a second scheme, the time difference between two base stations is

determined by the terminal based on partial decoding of some of the base stations

received by the terminal. For the W-CDMA system, the terminal can decode a primary

common control channel (P-CCPCH) for a number of base stations, which may be

selected based on a particular criterion (e.g., the received signal strength). If a particular

number of (e.g., two or more) decoded base stations have the same system frame

number (SFN) value at a particular time instance, then a synchronous system

configuration may be deduced by the terminal, and the chip-level timing but not trame-

level timing is determined for the remaining base stations.




nunber (SFN) value at a particular tinme instance, then a synchronous system
configuration may be deduced by the termnal, and the chip-level timng but
not frane- level timng is determ ned for the remai ni ng base stations. WO
03/ 007508 wWOMDBO®G 21781 4 [1012] In a third schene, thePCTMSoRRIfIr the
termnal is ascertained by the base stations based on an. uplink.

transm ssion fromthe termnal. The ti n14ng. .information. recovered by the
syst em nmay be .used.to0 adjust the tiJm of the downlin transm ssi ons
to the ter mtlﬂgl?] [ 18 23hifdnse C'Jf‘%ut}'f ﬁ"@%ef?r%p‘%ttﬁ@mpinnlé Breraned PehEidieen two
base st ati OBgtibss. baaed ohtaai uplick ranihissisy SioamHeaesingID Bhedtimdigl inkdiimaliedge  of.
the |l ayout and sizes of the cells in the system |f the coverage areas of
the base st &covered dwethsusystery By | thens g ysed (tRediust the timipe @hdbe Wawatigk due to

si gnal propagadhifhordad #semtinal SO snall (e.g., a few chips or less). For
the WCDVA system the tinme difference between a cormmon channel franme and

a dedi cat ed [HH3hnellnf a doestinayhde, dbe dimnd diffler¢reegbetwear tvhebasefstationcdas base
station), and.all other base stations.my b ssqciated with .the me tinme
i £ 1 erence urank By M SYRBERERE th & il ko Ds B ISR LS R I ™ e
above schenesllsmyhddgsteae df thelcoviiigeGiscas P fHei bagd stariths StecINffasenilgsthaltllen SOf t
handovers, position determ nation, and possibly other applications. The

invention YR PRGSFRRRHe tsignatirropasatien Aelpys ip alse smallie-gna e ghiap phr at us

that inpl empnk) V&Y iRUW-CBRRE Systom, SRDRHE BRftdhce BEWheb R R EoMhRDn SharhBeframe
i nvention, as described in further detail below BRI EF DESCRI PTION OF THE

DRAW NGS [ 161¢p dedieatedehannel Srameamay be detpraninctl/ @i dgethe a¢ferenec pasestetion),
L nvention Wl &GN asd Rhfond AR J'Essr)gi%{i Rﬂfﬁhﬁ%%t Bink ﬁgnedgi?fél:e\'?gé bit® é.ft
en t Wwth the d i Ch [Tke

forth bel ow aken 1 n conjunction rawi ngs 1 n
ref erence climiamimenen andaledicétyd clonnddmoredi ngly  t hroughout and wher ei n:

[1016] FIG i,s a.diagramof a w reless,comruni cati.on. systemthat supports
a nunber o#il[uéir s 'lcal}? PL° EAFTBT 81300 cfg%vﬁpf’ﬁsga‘{?y?%?ﬂ s'écz'p%“cqaé& SW&Jt he

i nvention; [s30hZddove&Spositidntdatepmipatian) aad oshitidg baRB applichtidns AtThe gniehfiae

di fferent synchronous system configurations and an asynchronous system
confi gur at i d¥rther Pepvires ppethods Jarmingle Bess sttiony andrapparatys Ajpt amplementvasipitess t o

deternine tiygRctsdieb6iRRABS alddP FeaturBlBPeMe RveRTRE 3tREIMRE in! fintAGCAAANCE
with three %l{fer ent enbodi nents of the invention; and
clow,

BRIEF DESCRIPTION OF THE DRAWINGS

[1015] The features, nature, and advantages of the present invention will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly
throughout and wherein:

[1016) FIG. 1 is a diagram of a wireless communication system that supports a
number of users and is capable of implementing various aspects of the invention;

[1017]  FIGS. 2A through 2D are diagrams illustrating three different synchronous
system configurations and an asynchronous system configuration;

(1018] FIGS. 3A through 3C are flow diagrams of a process to determine time
differences for a number of base stations, in accordance with three different
embodiments of the invention; and

[1019)  FIG. 4 is a simplified block diagram of an embodiment of a base station and

a terminal.



[1019] FIG 4 is a sinplified block diagram of an enbodi nent of a base
station and a terminal. WO 03/007508 PCT/ US02/21781 5 DETAI LED DESCRI PTI ON
[10201 FIG | is a diagramof a w reless comunication, system 100 that
supports aworautses of users and i s capabl e of inplenenti nBCrase2aBlaspect s
of the invention. System 100 includes a nunber of base stations 104 that
provi de coverage for a nunber of geogréphi c regions 102. The base station

Lils;'é" Station ant {?Leééﬁﬁr 2o DRI SILETE D STIROERION I Very ¥ of or egngot gi a
. Syst. : '
Suen’ as T holPebbs, N chis Bahids s dnh Rk AfaR e 100 R BARATR 0,

t hereof [ 108&1}1bék50fstmm andh ifképable, ofvanplemmttngr varioak &sﬂdﬁf‘s off thedinsgreroned
In an e d| ment term 106 conmmuni cat e

th hout {
W pighout - Sitiern 118 beudes Amper ol geeaioicns TE Mt PV e IR (06 SS0MBR ot gen

nonent , dep@ﬁge(%gapm ¥ R902.0rThe Habe §thord @rmmedmman@%fewed 2ds whatder or
not it is in so handover. The downlink (i.e., forward link) refers to

transmi ssi otrafsceinen Bystaras@TS).anndbha basenstation rindaits C@M@ragm@rqapanenkfter( i
{ ‘i“égrz]se A!S' g‘éénecﬁvé‘fy %fé? cil{oa%sg‘cél?' ) stérho% insg grdga &%@i}%eﬁlﬁéﬁe f at ' on.

ase sta I on rans erm nal 06a on
t he downl i pdore GEMaA staatlardm stéhds the 818 WSCDMA,eJdmaﬂ@OQs add) 6ther stAlardsand
106i, base stati 3 nsmts to termnals 106d, 106e, and 106f, and
so on. |n FPEc9M '["HE’“ ﬁffr??fal ine with the arrow indicates a user-specific

data transnfERIPN fAOsRdWREInOBER Khalib@tdnfirtalRe108 afendisiirsed AhRdugikdin the ne
with the arrow i ndicates that the termlé)% IS receiving FI | ot and _ ot her
signal i ng, BYMemo W@S@E‘?"I‘w“@%’&f’ﬁ‘“?‘r ys%q"anum?%mt [qBe p@areiass i on.

As shown i Qifibds 103& ’onttﬁé JovAingk akd ﬁplmklsﬁ’ @hy gilBP thonfRfl ddAkingoR WH%th%ant

handover, and each of these termnals concurrently conmunicates with
mul tipl e baget e tarminb is apheearp:lwmher@@mmnsmamoarhanéomot Thehdownlink (Fe.G. |

for sinpli C'f(erfarc{ l%n%%fegfqg narssﬁ{xgg,c{ﬂal;{o §é)§th€t§ é@lti{% feﬂnﬁl?k%?vé]!h}é% ?lﬁé t hat

I ncl udes a Il ase Ions W i ChP
term nal comitmrremamk)?aﬁas&) mmismwe:obﬁmthste&tmmh(osthe basactatioent | y transm t

ration ro TWP)r echs ot R BEEG eorrddl e Gorenin S B TONO8 o0 Ehe of
the base st abwhlk, iblsel shmoammb&raaaims o @ARInGIBA0BE, Fibcaridef 0 anee shase
station. For exarrpl e, the term nal nmay designate the hase station with the
strongest rd8%§ v%rtgngt§éqqéqnnmals 106d 106e and 106f,"and so on. In FIG. 1, the solid line

with the arrow indicates a user-specific data transmission from the base station to the

terminal. A broken line with the arrow indicates that the terminal is receiving pilot and

other signaling, but no user-specific data transmission, from the base station. As shown

in FIG. 1, terminals 106b, 106f, 106g, and 106i are in soft handover, and each of these

terminals concurrently communicates with multiple base stations. The uplink

communication is not shown in FIG. 1 for simplicity.

[1023] Each terminal is associated with an active set that includes a list of one or

more “active” base stations with which the terminal communicates. These active base

station(s) concurrently transmit radio frames to the terminal, and the transmission from

each active base station is referred to as a Radio Link in the W-CDMA terminology.

One of the base stations in the active set is designated as a reference base station. For

example, the terminal may designate the base station with the strongest received signal

as the reference base station, or the system may indicate which is the reference base

station in a common message or a dedicated message.

[1024]  In accordance with the W-CDMA standard, the base stations in the system

may be operated such that they are all synchronized to each other, or they may be



as the reference base station, or the systemmay indicate which is the
reference base station in a comobn nessage or a dedi cated nessage. [1024]
In accordance with the WCDVA standard, the base stations in the system
may be opeW&tBMOBch that they are all synchroni zed to eab@T/A87810r t hey
may be WO 03/007508 PCT/ US02/21781 6 o%erat ed such that they are
asynchronous to each other. This choice”of synchronous or asynchronous
operation i n e ' e s SUSE emgl erated by a
et vor k opep B SR SR )bt 88 aRRRShols e B nd Crni S G Tu MBI BE o7
~the. base shghtiadsosropesion iy deperieat mhthe enanbéran Wiadeths kpdtér iSop@iRed By
synchroni zed. Varjous possj.bl onfi%ljrati(?ns for th(g base statigns in the
system are AEENATHEREBIOF o “f@% syt max 4150 be gperyied, sych) thatsems ot ibe a
first systepheQihiofdhmlsyfdhrénpied WwilleWdthét!bade statibhbare @t sPRRfontledl ValRud €. 9. ,
three in this exanple) are operated synchronously with® tine-aligned frane
start and nonsdiq enpfigmetonsforthe badeistptiens indhe sysiem gradessribedsbalew.on t he
comon chan (1 .18 ) - : e]s tart
atappr oxi WSy ig: A EIERANakhE BFRE Ly Oh hifeBRRE LA M T,
S0. on). Theumbsrnfrbase katiorel (8.ggrthree hmthie bsamde)dart @ptnated synchromvhslynith on t o

all termnals, and ically .include e pagi channel , Dbroadcast
channel | andimihgned LS Sortn BAROSIGo Rob LEY B B BREN 2o S A8 e
denoted by thfmbhNEhahfdIft(.8)SdondIECHERMBI tfReneSP TOP Ihe hag Glatiohd 3 af Or t he
base stations being approxi mately constant in tinme, except for possibly

- small fluct aprrpximatedy thesamg timsrfoneach\feamee(i-cl at Lhits, .Aod e gn). atheorpmmere
system frane nunberaé,SF val.ues for .the conmon cgl nnel, Era s at any
given time PPN S Fhanmetso used,fop transmity information g alh tapinals, o ‘P’E’GQ@] FI G
2B is a di agichmeithd phgidgthhil, brédeanchankdl! &1 ol IMhdsHichadhidaliel bétweenhi ch a
nunber of base stations are al so operated synchronously with tine-aligned
frane start theubaspctatigns i denotedahy they Hperielagonship betvsen: ther coyamen jchannet he
common  chany r : at t on | t he
cane i e, Ay G WE Bae! Rihy g AP Q) Sl in e AORERRIBAEY 1
given tinme smsl dhicwmanens aroundoe nomiimsl salve. flor thisl ¢onfigsmtion,athe spgem[ 9] FI G

2C is a diagram.i trati a third St confiquration (S i n ich a
Cber of - pRudBl S FIE ARk B9 cbRof) YR PIRSTL o B fie it Bt o
frame start safdifor al)ires barg stationst hi s configuration, the common channel
e oM 225G, She ke ety Wit & o SR B TR RM 3

which a number of base stations are also operated synchronously with time-aligned

frame start but non-aligned frame numbering. In this configuration, the common
channel frames from the base stations start at approximately the same time. However,
the SFN values for the common channel frames at any given time instance may not be
the same for all base stations.

[1027] FIG. 2C is a diagram illustrating a third system configuration (S3) in which a
number of base stations are operated synchronously but with non-aligned frame start
and numbering. In this configuration, the common channel frames from the base
stations do not start at the same time but are instead offset from one another by some
(constant) values. Consequently, the SFN values for the common channel frames at any
given time instance may not be the same for all base stations.

[1028] As used herein, a “synchronous configuration” includes any configuration in
which the system has knowledge of the relative timing difference between the base
stations to some desired degree of accuracy. The base stations may or may not be

operated based on different unsynchronized clocks. However, if the system has some



(constant) val ues. Consequently, the SFN values for the common channel
frames at any given tine instance nay not be the sane for all base
stations. [1028] As used herein, a "synchronous configuration"” includes any
conf i gur at WoD3iop750&hi ch t he system has know edge of the r @Caise21781ni ng

di fference between the base stations to sone desired degree of accuracy.
The base stations may or nmay not be opé}ated based on different

h d - Ho f th m_h V0 03/ 007508
e Usoz/ 217920 5 el RGREcarig i TP BB g e MR e Bt ween

- the base st ahio0gtbexphicl measdrétheniglor expllcithi lfltﬁEBﬁdWrEﬁprﬁ,th@Iihelthé$[§tiddsy if
it is known a priori that the base.stations are synchronized), then the

base stati o€ ﬁmﬁ heRnizggentban 1he aso sefigR%e My be (eemed; ke Hheoeprrated - in the

configurati %2“‘: aélodﬂ graugp is a diagramillustrating a fourth system
configuratio nunber of base stations are operated
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t he asynchr cmioss stamihg gt diferamn tisies\(mnless thdyCare 2itne tdigpensaded). TViameeer, the
propagation time of the transmission from each base station may be unique and is
dependent on the distance between that base station and the terminal. Thus, the user-
specific transmissions from different base stations are likely to be received by the
terminal at different times (again, unless time compensated). (For the W-CDMA
system, only the user-specific data transmissions are time compensated, but not the
transmissions on the common channels.)
[1031] For the asynchronous configuration shown in FIG. 2D, the radio frames
(1158, 1159, ...) received from base station 2 are offset in time by AT, ; from the radio
frames (202, 203, ...) received from base station 1, where AT, can be a positive or
negative value depending on whether the start of a designated frame from base station 2
is earlier or later than the start of another designated frame from base station 1.
Similarly, the radio frames (3102, 3103, ...) received from base station 3 are offset by

AT, ; from the radio frames received from base station 1. The time differences or

offsets, AT) ; and AT) 3, are not defined by a particular relationship and may further vary
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terminal, as described below.

[1034) Hard handover processing entails replacing the current active set for a
terminal with a new potentially disjoint active set on the same or different frequency.
The system determines the relative time difference between the common and dedicated
frames for all members of the new active set, even if the new active set is composed of a
single base station. The reference base station for the new active set is typically
indicated in a message sent to the terminal for hard handover.

[1035]  The time difference is typically measured between a new candidate base
station and the reference base station. The reference base station is a specific base
station in the active set that is designated as such by the terminal or by the system. If
the terminal is not already in active communication with the system (i.e., not already in
dedicated channels), then the reference base station is the one on which the terminal is
currently “camped”, i.e., the base station from which the terminal is receiving its
broadcast channels and toward which it is sending the measurements required before the

setup of dedicated channels, which is usually done directly in handover.



indicated in a nessage sent to the termnal for hard handover. [1035] The
time difference is typically neasured between a new candi date base station
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then, in accordance with the current W-CDMA standard, it may not be possible for the
system to add the candidate base station to the terminal’s active set.

[1038] The time difference between each candidate base station and the reference
base station for handover is specific to the terminal. Typically, a coarse time difference
measurement (e.g., one chip or worse resolution) is adequate for handover.

[1039] The time difference between two base stations may be measured or
estimated based on various types of transmissions from these base stations. The W-
CDMA standard defines a (logical) broadcast control channel (BCCH) that is mapped to

a (transport) broadcast channel (BCH), which is further mapped to a (physical) primary
common control channel (P-CCPCH). The broadcast control channel is a higher layer
channel that is used to broadcast messages to the terminals in the system. The broadcast
messages are encoded in 20 milli-second (msec or ms) transport blocks, which are then

transmitted in (10 ms) radio frames on the P-CCPCH. In W-CDMA, 20 ms is the

interleaver size, which is also referred to as the Transmission Time Interval (TTI).



base station for handover is specific to the termnal. Typically, a coarse
time difference neasurenent (e.g., one chip or worse resolution) is
adequat e for handover. [1039] The tine difference between two base stations
may be neaw0reddoise8 estinated based on various types of tran¥Rizedisans from
t hese base stations. The W CDMA standard defines a (logical) broadcast
control channel (BCCH) that is mapped td)O a (transport) br oadcast channel
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ey be difference between a new candidate base station and the reference base station. This
measurement includes both frame-level timing and chip-level timing, which may be
obtained by processing the broadcast channel and the P-CCPCH, respectively. The
broadcast channel and P-CCPCH are described in further detail in Document Nos.
3GPP TS 25.133, 25.305, and 25.331, all of which are publicly available from the 3GPP
organization and are incorporated herein by reference.
[1042] To perform an SFN-SFN type 1 measurement for a new candidate base
station, the terminal initially processes the SCH and/or CPICH to recover the chip-level
time difference between the candidate base station and the reference base station. This
chip-level time difference is indicative of the difference between the start of the
common channel frames from these two base stations, and may be determined based on
the timing of the pseudo-noise (PN) sequences used to descramble the CPICH. The
chip-level time difference has a range of [0 ... 38,399] chips, which is one full frame.

[1043] To obtain the frame-level timing, the terminal processes (e.g., demodulates

and decodes) the broadcast channels from the candidate base stations (and the reference



obt ai ned by processing the broadcast channel and the P-CCPCH, respectively.
The broadcast channel and P-CCPCH are described in further detail in
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between these base stations to a finer resolution (e.g., between 1/2 chip to 1/16 chip

resolution). The observed chip-level time difference is then represented by a value that
falls within a range of [-1280 .. 1280] chips. For the SFN-SFN type 2 measurement, the
terminal does not need to determine the system frame number for the candidate base
station.

[1046] To add a candidate base station to the active set of a terminal for handover,
the observed time difference between the common channel frames for the candidate and
reference base stations may be measured by the terminal and reported to the system.
This observed time difference can be provided to the system via an SFN-SFEN type 1
measurement report message. In order to assist the handover process, the full range of
the SEN-SFN type 1 measurement is provided by the terminal in the report message.
This full range includes the frame-level time difference plus the chip-level time
difference.

[1047]  The use of the SFN-SFN type 1 measurement to report the time difference

for a candidate base station for hundover may be less than optimal for various situations,
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measurement (as currently defined by the W-CDMA standard) to report the time

difference for a candidate base station if the frame-level timing is not required.

[1049] In system configurations where the frame-level timing is not required by the
system, only the chip-level timing needs to be reported for the time difference. This
chip offset may be reported using the SFN-SFN type 2 measurement defined by the W-
CDMA standard.

[1050]  However, the use of the SFN-SFN type 2 measurement to report the chip-
level timing for handover may also be undesirable for various situations. For the SFN-
SEN type 2 measurement, the specified resolution is 1/16 of a chip and the accuracy
requirements range from 1/2 chip (as currently defined by the W-CDMA standard) to
1/16 chip or possibly better (for future revisions of the W-CDMA standard). To obtain
the more accurate sub-chip resolution, more complicated and/or prolonged search and
acquisition procedures may be required.

[1051]  Moreover, the SFN-SFN type 2 measurement is originally intended to be

used for pusition determination, and its use for reporting time difference for handover
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[1053] In a first time-alignment scheme, the time difference between two base

stations is partitioned into two parts, and only the required part(s) are reported. For the

W-CDMA system, the SFN-SFN type | measurement can be partitioned into the frame-

level timing and the chip-level timing, as described above. Whenever requested to

perform and report time difference measurements for a list of one or more base stations,

the terminal measures and reports the chip-level timing for each base station in the list.

Additionally, the terminal also measures and reports the frame-level timing and includes

this information in the SFN-SFN type 1 measurement only if required (e.g., as directed

by the system). Otherwise, if the frame-level timing is not required, the terminal can set

the frame-level part to a predetermined value. The predetermined value may be a

known fixed value (e.g., zero), any arbitrary value selected by the terminal and which

may be ignored by the system, a value for the frame-level timing derived from or known

in advance by various means (e.g., previous measurements of the same base station,

transmissions from the system, and so on), or some other value.



the base stations such that the user-specific radio franmes transmtted from
the base stations arrive at the termnal within a particular tinme w ndow.
Several schenes are described in detail below, and other schenes may al so
be i nmpl enreWOI3/08#B are within the scope of the inventi onPCTUSBRAEIN a
first tinme-alignnment schenme, the tine difference bet ween two base stations
Is partitioned into two parts, and only 14 he required part(s) are reported.
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measurements is defined in the System Information, sent on common channels, and is
used by default unless a measurement control message is received.) The measurement
control message includes a list of base stations for which time difference measurements
are requested. This list may include the current active base stations and/or the neighbor
base stations, which are potential candidate base stations for handover. For each base
station in the list, the measurement control message can be configured to include an
indication of whether or not frame-level timing is required for the base station. In one
specific implementation, this indicator is the “Read SFN Indicator” defined by the W-
CDMA standard, which may be set to True if frame-level timing is required and set to
False otherwise. By recovering the Read SFN Indicator for each base station in the list,
the terminal is able to determine whether or not frame-level timing is required for the
base station.
[1057] In another embodiment, the identities of the synchronous base stations are

provided by the system to the terminal via an Information Element (IE) defined in the



time difference nmeasurenents are not made by the term nal when not
required, and the selective om ssion of these neasurenents can provide
vari ous benefits described below. [1056] In one enbodinment, the identities
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term nal via user-specific nmessages. For the WCDMA system a "nmeasurenent
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necessary to report the f?ame-lcvel timing. In yet anotLer embodiment, the identities of

the synchronous and/or asynchronous base stations are transmitted via a dedicated
channel or some other channel to the terminal.

[1059] In yet another embodiment, the identities of the synchronous and/or
asynchronous base stations are provided to the terminal a priori, prior to the request for
the time difference measurements. For example, this information may be provided
during a call set-up or may be stored in the terminal via some previous communication
or transaction.

[1060] Upon receiving the identities of the synchronous and/or asynchronous base
stations, the terminal knows that there may be no need to recover the SFN values for
some or all of the base stations. For each base station for which frame-level timing is
not required, the terminal can measure only the chip-level time difference between that
base station and the reference base station with respect to a common frame boundary
and report only the chip-level timing. The frame-level timing can be set to the

predetermined value. If the predetermined value is zero, then the reported value for the



signals for position |ocation neasurenments as well as for neasurenents used
for hard and soft handovers. [10581 In yet another enbodi nent, the
identities of synchronous base stations are provided by the systemyvia
broadcast wWOIS4Ee8 transnmtted on a conmon channel (e.g., PCTA8ZMTMdCcast
channel ). The broadcast nessages can include a |ist of synchronous base
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measurements are reported.

[1063] The terminal also receives the identities of base stations for which frame-
level timing is not required, at step 314. These base stations may simply be denoted as
synchronous base stations. and all other base stations may then be denoted as
asynchronous base stations. The list of base stations for which time difference
measurements are desired may include any number of (zero or more) synchronous base
stations and any number of (zero or more) asynchronous base stations. The information
identifying the synchronous and/or asynchronous base stations may be provided to the
terminal via various means such as (1) sent specifically to the terminal via the request.
for time difference measurements, (2) broadcast to the terminal via signaling on the
broadcast channel, (3) provided to the terminal during a call set-up, (4) stored within the
terminal by a previous action, or (5) made available to the terminal via some other
means.

[1064] In response to the request, the terminal estimates the chip-level time

difference for each base station in the list, at step 316. The chip-level time difference

may be determined for each base station relative to the timing of the reference base



timer, and so on. [1062] In an enbodi ment, the request specifically

I dentifies the base stations for which the tinme difference neasurenents
are desired. In an alternative enbodinent, the term nal determ nes the
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to the system. The system receives the report message and adjusts the timing of the data
transmission from each selected base station to the terminal based on the time difference
estimated for the selected base station. The process then terminates.

[1067)  The first time-alignment scheme may be used for all configurations in which
the frame-level timing is already known by the system and does not need to be
measured and reported. This scheme is particular well suited for synchronous system
configurations such as those shown in FIGS. 2A through 2C. In system configurations
S2 and S3, the actual value of the frame-level time difference may be a non-zero value.
However, the terminal reports the predetermined value (e.g., zero) for the frame-level
part of the SFN-SFN type 1 measurement. The possibly erroneous reported value for
the frame-level part does not affect the ability of the system to add new candidate base
stations to the terminal’s active set since the actual frame difference (if it is a non-zero
value) is a constant value that is already known by the system.

[1068] The first time-alignment scheme provides numerous advantages. First, the
terminal does not need to demodulate and decode the broadcast channel to recover the

system frame number of a candidate base station when this information is not required.




system franme nunber, as described above. For each asynchronous base
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of base stations, which may be selected based on a particular criterion. For example, the

base stations whose received signal strengths are above a particular threshold (i.e.,

strong enough to be decoded) may be selected for decoding, starting with the strongest

received base station. In an embodiment, if two or more decoded base stations have the

same SFN value at a particular time instance, then a synchronous system configuration

with time-aligned frame start (i.e., configuration S1 shown in FIG. 2A) can be deduced.

The terminal can then hypothesize that the other (weaker received and undecoded) base

stations also have the same SFN value, and can report the predetermined value for the

frame-level part of the SFN-SFN type | measurements for these “hypothesized” base

stations.

[1071]  FIG. 3B is a flow diagram of a process to measure and report time difference

measurements, in accordance with another embodiment of the invention. This process

implements the second time-alignment scheme. Initially, the terminal receives a request

to provide time difference measurements for a number of candidate base stations, at step
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difference measurements for system configuration S1 shown in FIG. 2A, which is more

likely to be deployed by the network operator than the other system configurations
shown in FIGS. 2B through 2D.

[1075] Since there is no guarantee that all base stations are synchronized if some of
them are synchronized, and also for instances in which the same SFN value is
coincidentally obtained at a particular time instance, a mechanism may be provided to
bypass this scheme and implement some other scheme to provide the required frame-
level timing. For example, a message may be sent to the terminal if the reported
measurements do not match a profile for the reported base stations. Alternatively, the
terminal may determine later that it is not able to decode the radio frames from a
hypothesized base station because the timing has been adjusted to the wrong value. In
any case, upon receiving an indication that a previously reported time difference

measurement is erroneous because of an incorrect hypothesis, the terminal may perform



the frame-level time differences for two or nore candi date base stati ons,
at step 338. A determnation is then nade whether or not the estimted
frame-level timng is the sane for the two or nore candi date base
stations, WD 080e450840. If the franme-level timng is the gan@soynem the
term nal assunes a synchronous system configuration with tine-aligned
frame start and consequently sets the f2@&ne-level tine difference for each

remai ni ng candi date S tation to the predeterm ned val t step 344.
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based on theigrme IdliahfeRibBieRne thd HRE QALY thhthBe 561 RGhE &rRfRes abidleien. The
process then term nates. [10741 The second timne-alignnent schenme can
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are synchronj zed if of . them ar.e synchroni zed nd al so.far instances
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nmeasur enent ghet@md OfelBA Mt &rhthén fchfinreh ErahRPAUdRg theSrivhe kRS and
Alternatively, the termnal may determne later that it is not able to

decode the Pighroribagmuatiansothe £YSteson Kleterpiag thaap@pet imingrfop exchunsighbpe
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an indication that a previously reported tine ference neasurenent is
erroneous béesamssiar frem thermided bast statipoisipespedy tinfeenligeedatizd termaiyalper f or m WO

031007505 PP B 4B o S G TR BLC,
frame-| evel nicastréifient{ f?fobned Bt the héiphitsbr baseBtatibhg PR AneipBb&BRse dthttontthay ng for
a term nal lbg dgggn%iittg iir?c Edcbl%cciver processing units that search for and process the uplink
transmissions from the terminals located in the neighboring cells. This scheme may be
used for synchronous and asynchronous system configurations.
[1079] FIG. 3C is a flow diagram of a process to determine the timing for a terminal
based on an uplink transmission, in accordance with yet another embodiment of the
invention. This process implements the third time-alignment scheme. Initially, the
candidate base stations receive the uplink transmission from the terminal, at step 372,
and each candidate base station estimates the signal arrival time of the received uplink
transmission, at step 374. The system then retrieves the time differences for active base
stations (i.e., base stations in the active set of the terminal), at step 376. The difterence
between common channel frames may be known in the system for all the synchronous
system configurations S1, S2, and S3.
[1080]  The system then estimates the time difference for each candidate base station

based on the signal arrival time estimated by the candidate base station and the time

differences for the active base stations, at step 378. One or more candidate base stations



t he base stations based on an uplink transm ssion fromthe termnal. The
recovered timng information nay then be used to adjust the timng of the
downlink transmssions to the termnal. [1077] In an enbodi nent, the base
stations tWat034e%s0ot in the termnal's active set but aPETAR2ANEL

nei ghborhood of the termnal (i.e., neighbor base stations) may be

| nstructed by the system to measure theZkplink transm ss| on fromthe

term nal
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[1079] FI G rasnissien. f [Thiy mechgniam fdescribed dwsShuk Wérp@thm inea papertentiledy for a
term nal gafﬁg&hmm 5%}&1@%&!’\5%‘?&0«"’%@8&%{18 s okﬂv%%urﬁ‘fﬂm her

enbodi nent o I nvertt 1 on hi's process 1
time-alignmdiy $399emhichl isi incarported theecin cbsyndfedatce besend; tthe iISONsSFN ¢eme/e t he
uplinktran ss|onfromthetermnal nd each candi date
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transm ssi oaowaltim(shaﬁsnﬁzsébn Ihensyistiemrdenea byethd ®vamal kRibsé iiRintk td eheences
for active base stations (i.e., base stations in the active set of the

term nal), 9wgle'éﬁotrww'ssrmefrqan theditethbase sgdeme e bersbits mAX Al Pe fsaliges may

be known iny lﬂfcusogg{r@,gkgcgﬁlqggsldegmeg}{agmonous system confi gurations S1,
S2, and S3. [1080] The systemthen estimates the tine difference for each

candi dat e b&EIS2k¢ atHlgn4 ipasieeplibied binsk sliagraam ofen Pvlépdlmenbofe@s‘? aaterd 104, t he
candl ante OSRE L I, P PEGEME o OSSERIRSAAL Al ubl, R BOSR:
PCT/ US02/ 21'681he iddentioy. Hoesiaglitiety, daty ored kease seitibw andlateatermmalsare sbovomirt 0 t he
term nal, atnét ?p ﬁowevelr nte;n?l%al 106 may concurrently communicate with multiple base
stations 104 when in soft handover and may further receive messages from various
other neighbor base stations.
[1083] On the downlink, at base station 104, user-specific data, signaling to identify
synchronous and asynchronous base stations, and requests for time difference
measurements are provided to a transmit (TX) data processor 412, which formats and
encodes the data and messages based on one or more coding schemes to provide coded
data. Each coding scheme may include any combination of cyclic redundancy check
(CRC), convolutional, Turbo, block, and other coding, or no coding at all. Typically,
data and messages are coded using different schemes, and different types of message
may also be coded differently.
[1084] The coded data is then provided to a modulator (MOD) 414 and further
processed to generate modulated data. The processing by modulator 414 may include
(1) covering the coded data with orthogonal codes (e.g., orthogonal variable spreading

factor (OVSF) codes) to channelize the user-specific data and messages into their



case, the timng of the data transm ssion from each sel ected base station
tothe termnal is adjusted based on the tine difference estimated for the
sel ected base station, at step 382. The process then term nates. [1081]
The above-wexs/d15e’] t echni ques provi de vari ous advant agesPCFiUs&/2178hen a
termnal is handed over froma first base station to a second base station,
the measurenent of the SFN-SFN tine di?4erence between these base stations

along with the roynd trip delay neasurenents Lch may be perfo by
the first b&g@cgﬁlﬁ?%‘fﬁed CRRUS '_rf@a%'&@om @é&%éfg@aﬁ 1B ¢ @re&eqpa& mtﬁ_ﬁmere
to search foo,tRes tagliphdaato. Shdlrinital. t TROSTASRSIEN dathNisS (HER GH8BUEIMS Sa .
descri bed by Chuck Wheatley in acf)aper entitled "Self-Synchronizing a CDVA

Cel | ul ar Netrewsmiitter ynitg@MERD4 Bpand sanditionad e.g.o gpmvgrted tovage engwre apileth i s

i ncor porate ej ef: C t SE | i f e
measur enent gﬁ%ﬁg’bgaﬂg%%d b{}ﬁ{r% g%dcgﬁ@&%ggee 'gtg%fr%:té% tté’c\)I e:"grr@cagi Stﬁﬁlmt?@(c
downl i nk tr modaiaedi ggnad csuithble for tramsmissionvexttr by wikedest elink. nalhecldowelinkn t i ne

to the downlink transm ssion fromthe fiyst ba ation. OQ.her benefits
ey al so. bemoguaied signapis thed ToweS dhroveiy & dublenrriDs HE and Fitpitel waen [ 1082]
FIG 4 is azgtamladicthedrftkalgi agram of an enbodi nent of base station 104

and term nal 106, which are capable of inplenmenting various aspects and
enbodi nent s[1088] t he\titerminali 8, theglowalipk madulaed igna) ioreecivedsby ap apieawr and
one term nalsar | : V Slovide8 51 i ently
comuni cat eh%ﬁtrﬁu@rﬁﬁm&%}g abgdgg\% xegtll g??%}ﬁlss{faﬁmﬂgndqféﬁels%fﬁ? “Egﬁgg\ﬁ}glrﬂsghd may
further recBescdvermsi apdscohditions rg. ofikers,canmifien.edapiconvetasandsdigitizemshe [ 1083]

On the downlink, at base station 104, , user s Cjrfd t signalin o]
aent' 1y syrenrb bl S Ml YiRhatBBE nenioR st B MBI |
di fference prieasty wasahpleat® ppivilkiraedefed sgmboBNSTHetprécEXginglby deppoddassor

412, which formats, and encodes the data d messages hased on one, or nore
co no s ehe S Mmelet BeApra iR A s R SCUI R R 8 BN BB Ay
conbi nat i onygles 6V Hk infulfi R BARProebRAKdecotdrnk, the Sy Rhd kirRplad to chiriefize bl ock,

and other coding, or no coding at all. Typically, "data and nmessages are
coded usi ngthgireqeaved datapnd epassagesintd Weir respegtive dodieaiedandrpegelghannelyand so be
coded diffe [ l.ged t or
(VD) 414 alarperg ol iene QEENei R il iut L RRo Pl M DEROBIBENE i g
by nodul at omag1dpleergnt awake ceeivérithatcaw procesy nmuigple otseacataif shevetdivedrsignabonal

cotes (&9 L RBRRTRInAH R AR, b SOV A RSP CRIE bl

PCT/ US02/ 21 pfVide the recovered symbols.
(1086} A receive (RX) data processor 458 then decodes the recovered symbols to
recover the user-specific data and messages transmitted on the downlink. The
recovered messages may be provided to a controller 470. The processing by
demodulator 456 and RX data processor 458 is complementary to that performed by
modulator 414 and TX data processor 412 at base station 104, respectively.
[1087] Demodulator 456 may further be operated to determine the signal arrival
times of the received base stations (e.g., based on the timing of the PN sequences
generated by the terminal) and to derive the chip-level time difference between two base
stations based on the signal arrival times, as directed by controller 470. Alternatively,
the signal arrival times may be determined by demodulator 456 and provided to
controller 470, which can then determine the chip-level time difference. RX data
processor 458 may further be operated to recover and provide the system frame
numbers for the common channel frames for one or more received base stations (e.g.,
the candidate and reference base stations), as directed by controller 470. Controller 470

can then determine the frame-level time difference, if and as necessary.



22 respective dedicated and control channels and (2) scranbling the
covered data with PN ...sequences assigned-to. the,termnal. The nodul ated
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reference bd3¢asd dédodes(if naxsssaiy) by e ®RXDgtats prucessbt 426 b FEcovéiotht trahdneitted! 70
report message. The recovered report message is then provided to a controller 430,
which may forward the report message to a base station controller (BSC) or some other
system entity. The signal strength and time difference information included in the
report message may be used to select one or more base stations for inclusion in the
terminal’s active set and to properly time-align the downlink transmissions from the
selected base stations.
[1091] The elements of terminal 106 and base station 104 may be designed to
implement various aspects of the invention, as described above. The elements of the
terminal or base station may be implemented with a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a processor, a microprocessor, a
controller, a microcontroller, a field programmable gate array (FPGA), a programmable
logic device, other electronic units, or any combination thereof. Some of the functions

and processing described herein may also be implemented with software executed on a

processor. For example, the estimation of the chip-level and frame-level time



can then determine the franme-level tinme difference, if and as necessary. WO
03/ 007508 PCT/ US02/21781 23 [1088] Controller 470 may receive information
regardi ng which base stations require frane-level tim ng and which do not,
and may fuWoOH8075e&ei ve the request for tine difference REBASNETHIL S.
Controller 470 then directs denodul ator 456 to provide the chip-I|evel
timng information for the received basé*stations and further directs RX

data proces 458 to provide the f -1e timng information

certain baséﬁfegetnﬁ?sl %Wst?’?o‘ilnc%ﬁ?léﬂo%ﬁéﬁ'ei h@%?ﬁﬁn%{?n(g%nr? SYTERERY dge "@oﬁ’tgl&bl | er

..A70 then. f OBAN tgpe ISbhsSfeithent 1 IneSBRgS i@ bR perféraRdiby comsarga7d.or . the . .
recei ved base stations. E 1089] On the upljnk, at term nal 106, the SFN SFN

type 1 measlA08knt Foeparty, vamays asrecissepPlimenty and sghemes hayebesp descsibet 464,

whi ch th | ; . L
ch NN BQARIAPIoL e SRRREN 1 BESSAURUIHAPROIRAOREDMA el 060

processi ng schene.” The processed ssage is furt processe
cover ed andfremedens) timngaanbchipdavel tiieDpay 8o dadepateddiia otwe theblyanisms.

< Then 1 oul SRR CRMR uBrorS i BbSuTRaE ke T iyl o TP Limireaso ¢ o
the base suaipavirgetefs TIF0IndACODNTECSFAL fo frati@devel kimingd| Theke parahdttaisage Si gnal

is received by antenna 420,  routed throug pl.exer 418, and_ provided to a
recei ver unfesclipge\®) furthsr detal dp,f2ecumspy &%439?%0%%2!:%4@35 Sefien 1 oBhighds si gnal

and provi degcopoRh&hercih By fF8Rh&S are then processed (e.g., despread,
decovered, and denodul at ed) bﬁ a denodul ator (DEMOD) 424 and decoded (if

necessary) - B\P93h RXhgigchnigh gihed hoginmay dsvbeapplipdta etbersninmuaitatiopor t
message. TNEyONSlfith ERAN aifERAGORaY Be RERORILIICRR &bl GARL 5@3@ 430,

whi ch may forwar e report message to a base station con C) or
sone ot her ddfesing mselutionsyandnpedignglo differenynhasarmhent typesi hftier ahoee the

information.included i.n th r.epor ssa be,used to select one or
nor e base sf‘%idbﬁeschgr's P%‘ﬁﬁ%ﬁdd [°| the ?ﬁgﬁ‘:%P'ﬁﬁQPc‘é"vﬁgPWe @éf"%a&%
properly ti sptents, gie tnedidferpnte mky be pasitionai ifwsa fiicartsdligon gl Adtacbalkase
stations. [1091] The e] errents_fg%f termnal 106 and base station 104 may be
desi gned t o™SPiPRRRht Tha MG SUiTereRrednay o phRatiHORY: In SAME pthey gwppsriagy

above. The lfdBMESsRientsNForle@bNkseXasiadfe MiRlicMRni MYy BE phmjrrﬁeﬂffﬂlt ed
with a digital signal processor (DSP), an application specific Integrated

circuit (ASpay therqguisecpamber partsyiand oprestetesmined o defaghitvabile| raay, beqused for

m crocontro - rogrammabl e gate array (FPGA), a progranmabl e
| ogi ¢ devi cg%(:ﬂmﬂg?cwgfaejg?ﬁbni c units, or any conbination thereof. Sone of

the functi ofd94]  Headings are included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts described
therein, and these concepts may have applicability in other sections throughout the
entire specification.
[1095] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[1096] WHATIS CLAIMEDIS:



and processing described herein may al so be inplemented with software
executed on a processor. For exanple, the estimation of the chip-Ilevel and
frame-level tinme WO 03/007508 PCT/US02/21781 24 differences and the
encapsul at WoP38p756he tine difference neasurenents into t h&CHERP2/IAN type |
measur enent report nessage, may be perf érred by controller 470. - [1092]
For clarity, various aspects, enbodi nents, and schenes have been descri bed
specifically for the SFN-SFN type | EER ment in the WCDVA standard. The
frame-level timng and chip-level timng nay al so be reported via other
mechani sns. . For exanpl e,. W CDMA. supports the reporti ng of a paraneter..ITm
for chip- IeveI timng and paraneters, OFF and NT- C- SFN for franme-1|evel
timng. These patanet By & WHESS ¢RIBYNIERIGN; SHS“F’BTTHE’FhoﬁlebefelPO'i"ﬁgBH&Sﬁ’é’ﬁi No.

3GPP TS ,éqget[ WG e HiE §
[ 10931 The f‘ggprr\]hl quedgg:g'eagpc):l;J H}Qél&hﬁearng tn may apz% gtgf’tgggbe{‘sgm{%négérﬁh

conmuni cat i base statipnsg drmflmwyMametcmr normbagti statione pasegend type, pampmmg;ned
into two,or nore_par S ng to
differ enf1 measur Ee?r%nt %t;{‘%éu&iﬂ for 'ﬁge%gﬁeg%/necw?%w&é 9{émap IE%P Qeéfeb%géetsﬁ%gg“s
partiti onedwhaiein uhmecdmffpfehea/eieaarfdnénl dorea parviehlapbase sstatibn rcomprizes ot fime
systens, .the ti di ff artitioned nto a fine-resolutjon part
and a co8rs&rtj e Pﬁ ﬁaqFV@ﬁE dt’ﬂ?r‘ﬁ"c&l l?ef‘%‘?eé’r{b%p%?“lér kase 6‘@"%?"(4 %i oned
in some ot hedfe@RtdBase fsdtion SABE: BRA pad ShABRive ST a $RAGR-16¥el LiRRSEifeARES. the
nmeasurenent nmay be performed for only the required part or parts, and a

predet er fi nEeEwSEN dlest a%IF'FUl@'faP%Pé siatipnandythe drefesince dagth stakion. raad urhesrin ghe t .
[1094] Headiggs. lé\Fe‘F ¥ Hﬁ(%ﬁcﬁﬁ%k Requftéd E&B@teg)eﬁ@d ?d}doa}é)stéﬁcﬁxs of thePfR | ng

certain sectlons. ngs are not in Imt the scope of
t he cond@pt ¢ypdescri bed t her ei n, and t hese concepts may have applicability

i n other sections_throughout the eegification The previous
description of t he di %qg ed emso 4 w" m%%'gngsgr tﬁe Hrathoyt["dbaf)el J[auon?‘l’y per son

skill ed12n the aestintabingekip- levIelmdnffaemeesfarthe pnuﬂny obbase ¥ariomsUsased on
nodi fications to. t eds Enbodl nts will be readily apparent to those
skilled in fdeeited doxmlink ﬂgnaggnerl c principles defined herein may be

appl i ed g0 ot her f&mgdhn@rmﬁefehéeh%ssur&eewfdrrtgefbhmmd“&ssalthe tﬁrgr peope of
the invention. Thus, the present invention is not intended R,I m t ed

to the enmbodpsedionshesssimaterhisrlaval timeidifferenase ande predetermingd Wl@em scope

consi St qgt i LN 16n g AEhRL Birelite RRYSkerkl tdk 62 pilif 9P 6Hle Belighs- [10961

2, The method of claim 1, further comprising:
2 estimating frame-level time differences for base stations of the second type
based on the received downlink signals; and
4 forming time difference measurements for the base stations of the second type

based on the estimated chip-level time differences and frame-level time differences.
3. The method of claim 1, further comprising:
2 receiving an indication identifying each of the plurality of base stations as being
of the first or second type.

4, The method of claim 3, wherein the indication is included in the request.

5. The method of claim 4, wherein the indication is a Read SFN Indicator
2 defined by W-CDMA standard.



WO 03/ 007508 PCT/US02/21781 25 CLAIMS 1. In a wireless conmmuni cation
system a nethod for reporting differences 2 in timng between a plurality
of base stations, the plurality of base stations conprising base stations
of a firstwoyeeo®rl zero or nore base stations of a secon#CTAR&/21781
conprising: 4 receiving a request for tine differences between the
plurality of base stations, wherein a 2 ne difference neasurenment for a
particul ar base station conprises a first 6 part indicative of a chip-Ievel
tinme difference Bet weEhe tiethodaoft clairh &, \wkesein sthatindipatmndisatransmittedeyigea base
station. gnd a_secopd. lart, dndicative of a frame-level tinme difference 8
bet ween heC%’HWPEE?"&E'base station and the reference base station, and
wherein the frane-level tine difference’is not required to be reported for
base stations of the first 10 type; receiving and processi ng downlink
signal s from the7pl urBbg method efaglaindaWhasein o ipdication: isngansmitied| Weed time
di fferenges rality of base stations based on the received

downl i nkﬁsi Sgcgfast%dq%é?ﬁ#%rm ng time difference neasurenents for the base
stations of the first type based on the estinmated chip-level tine

di fferences and predet erm ned val pe; and 16 reporti the tinme difference
nmeasur enent s forgt he gﬁ‘h?’?ﬂhf’? 99‘87""}3 %hegetl%mec?ﬁ%ﬁp .‘"fﬁga‘H%{SﬁS'a" of claim 1,

further conprising: 2 estimating frame-level tinme differences for base
stations of the second t based on the received downl ink signals; and 4
formng tine difPerenthe \ﬁgg‘é’ﬂr@r@%'ﬂ‘sl'f‘@?e@'ﬂéh% & dauonp 8%1§h°o§rsg?¥86§é"cond
type bagedogaa&hggﬁﬁdnggg|§d chip-level tine differences and frane-Ievel
time differences. 3. The nethod of claiml, further conprising: 2 receiving

an indication identifying each of the plurality of base stations as being

of the Tirst of $6CCN#nd iRffind B kRS 1TEhYRA AL bideAdfors o E oy 1 are

indication is included in the request. alm erein
t he i ndi @at ioperated asynBlamdoBBN | ndi cator 2 defined by WCDVA standard. WO
03/ 007508 PCT/ US02/ 21781 26 6. The nethod of claim 3, wherein the
indication is transmtted via a conmon channel .

11.  The method of claim 1, wherein the communication system is a CDMA

2 communication system.

12.  The method of claim 11, wherein the CDMA communication system
2  implements W-CDMA standard.

13.  The method of claim 12, wherein the chip-level time difference between
2 two base stations is estimated based on time offsets of pseudo-noise (PN) sequences

used to descramble the downlink signals from the two base stations.

14.  The method of claim 2, wherein the communication system is a CDMA
2 communication system that implements W-CDMA standard, and wherein the frame-
level time difference between two base stations is estimated based on recovered radio

4 frames transmitted on common channels from the two base stations.

15. The method of claim 14, wherein the common channels are broadcast

2  channels.

16.  The method of claim 12, further comprising:



7. The nethod of claim 3, wherein the indication is transmtted via a 2

dedi cated channel. 8. The nethod of claim1, wherein the predeterm ned
value is zero. 9. The nethod of claim11l, wherein the base stations of the
first typewarog/oozooperated synchronously. - 10. The net hedTakoxd1z68im 1,
wherein the base stations of the second type are 2 operated
asynchronously. 11. The nethod of clai mé1, wherein the communication system
is a COMA 2 comunication system 12. The nethod of claim 11, wherein the
CDVA con®uni cat i encapyigating thetimendi fienaae sneuyuBiivints fom tieapl gralityDf bidesstatienhiod of

laim 12, wherein t hi p- 1 | ti i ff bet Pn b
Stati ons' i 5 TEeT PENTER BEe CapeatraminL RppH o Ehes Ao et -SRI ences
used to descranble the downlink signals fromthe two base stations. 14. The

met hod of claim2, wherein the communication systemis a CDVA 2 _
conmuni cation sysfem Thatmathed efncitim 12 Cheteis Bsaehiptlevah @mgn differance e f r ane

level tige gl SAGSRAETh ifhHB3teoRAEDANEshiyfg ! | Mt ed based o

recovered ra rames transmtted on conmon channels fromthe two base
stations. 15. The nethod of claim14, wherein the conmbn channels are

broadcast 2 chanpel s..,. 16. .The hod of .claim 1 fyrther c ri sing: WO
03/007508 PCT/ USS) 21784 “ﬁh"g‘ 8%%}523@31?\*1%""{ fhe ?’iaWSH‘EIW flime fifference 15
measur engnt segodied Viagapimetedt OFF and COARET-CLSEN denediby teeWSEDNMIE Maidap® |

measur enent report message defined by the WCDVA standard. 17. The net hod
of claim 12, wherein the chip-level tinme difference is 2 reported via a

paraneter Tm defijged RBya WiieleW (IaliuriéaABA 3ystem 1Bmethb& faTRERREh limfrlgdbim 12,
wherein the frane-level tine difference is 2 reported via paraneters OFF

and COUNZ- Cligira§ ahefdr meate bgsetstasiony, dmnpuralitinefdrage stations|camgrising bhssssations
commruni cat i - - ieNg= Ll A .. 2. list of one or
nore base s?’g??%%gﬁ)@ta gz%b?%%ftégs%gt %‘égglfg'tg%c:obglr@gb%ﬂrlsgn ng base stations
of a firdt type aevdivier @ requestofoe thasiming &tri thadisofof @ne et anoretbape stations,

conpri si ng: recei.ving..a request for the timng for the J]ist of ope or
nore base st% febrhg,t'mev?ﬁfé?rg?cﬁq%eaf‘i'rﬁ@c'ﬂif'f’? %z\;élﬁ’ﬁs? SHQL R h’ﬁgﬁ{ CPgrsEstithase
station bn fphe ihdishtiveosph i fireSesdlitionStime difference between the base station and a
reference base station and a second part indicative of a coarse-resolution time difference
8 between the base station and the reference base station, and wherein the coarse-
resolution time difference is not required to be reported for base stations of the first
10  type;
receiving and processing downlink signals from the base stations in the list and
12  the reference base station;
estimating the fine-resolution time difference for the each base station in the list
14  based on the received downlink signals:
forming the time difference measurement for each base station of the first type
16 based on the fine-resolution time difference estimated for the base station and a
predetermined value; and

18 reporting the time difference measurements for the base stations in the list.

20.  The method of claim 19, further comprising:
2 estimating the coarse-resolution time difference for each base station of the

second type based on the received downlink signals; and



6 part indicative of a fine-resolution tinme difference between the base
station and a reference base station and a second part indicative of a
coarse-resolution tine difference 8 between the base station and the

ref erence wWax3/081568 i on, and wherein the coarse- resol uti oRCT/URR/XTHIf er ence
is not required to be reported for base stations of the first 10 type;
recei ving and processi ng downlink si gna?% fromthe base stations in the
list and 12 the reference base station; estimating the fine-resolution

ti me di f4erence foominghtse emehdififaceaces mgasusemény foheach base stadopab the ssnondhe

recei ved downlink signgls. formng the tj i.fference nmeasurenent. f or each
base stati OWPbe‘{sﬁ‘Z q%i ﬁbet ﬂf‘?/’beég?ui‘g“ btgﬁeed* 1%’%&%&!\?&' Etée- rcggrsff'ﬁets?lgﬁg it

di fferenge gFterdrot edinfatdd fohdebagausionti on and a predeterm ned val ue; and
18 reporting the time difference neasurenents for the base stations in the

list. 20. The nethod of claim 19, further conprising: 2 estimating the
coarse-resol utiog ti di € fPhoeaRbreitar BlfeklidH tivRediffeeaqnd type
based on the recg}'veg?h okiﬁfhﬁ)ﬁk&g‘?alnal S" ang WO 03‘5 OO%SOé&;PCIZT‘T?USIOZIZNM 28
4 form ng t bardsporel idiffereren dechip isungfioeino base stet@rts. base station of the
second type based on the fine-resolution tine difference and the
coarse-resolution time 6 difference estimated for the base station. 21.
The net hod of cl 22.m 1Phe whdbeion claiva 19| Mherehs the WohBe-résohiioflitinfecdiEfaeace 2
correspond to difference in chip timng far base stations. 22. The

ot hod” of  cPATSPaRst o areIe it Heng bubae st sidit Rumes rbv it SalBe
~carrespond to difference in frame nunbering of radio franes for two base
stations. 23. In_a CDVMA comuni cation system a nethod for reporting timng
for a 2 plurali®} of IncaGBMfhrempygisatiqnagyisisis a nacshask fos repgriingduaing fferg o
request hor it bl NG dhR" ;e}g@itﬁﬁg% Li§nbase stations, wherein a time 4
di fferen%e Pr&jgigﬁ léfr’rraeaﬂtgld?orbaeac ca’ndllqgat ggbase station conprises a first
part indicative reotivigaheguesichoethettinmpg frfthecadulatelmsasatonshehareinditoot e base

station and reference base 6 stati,0 nd second part.indicative of a
Frame-| edel GTRECEMErRPenas oL Etndiiis Babs RatocommpltEes GrlprReleafive e
ref erence bage chipdeved imeldiff@efde\icgeennhe panditatshade) stdhndk refergval basd r om

t he candi date and reference bas tat | ong;
6 station and a scconé; partainSicat?vc o} a fsréme-levcl time difference between the

candidate base station and the reference base station;

8 receiving and processing downlink signals from the candidate and reference base
stations;
10 estimating the chip-level time difference for each candidate base station based

on the received downlink signals;
12 estimating the frame-level time difference for each of two or more candidate
base stations based on the received downlink signals;
14 if the estimated frame-level time differences for the two or more candidate base
stations are equal, setting the frame-level time difference for each remaining candidate
16  base station to a predetermined value,
forming the time difference measurement for each candidate base station based
18  on the estimated chip-level time difference and frame-level time difference; and

reporting the time difference measurements for the candidate base stations.

24, The method of claim 23, further comprising:



10 estimating the chip-level tinme difference for each candi date base
station based on the received dowlink signals; 12 estimating the
frame-level time difference for each of two or nore candi date base
stati ons bWO#d0eH0& he recei ved downlink signals; 14 if thBCBEYS622ATHd
frame-level time differences for the two or nore candi date base stations
are equal, setting the frane-level ti me?di fference for each renai ni ng
candidate 16 base station to a predeterm ned value; formng the tine
di fferenze neas uifemaaeminfamd femahlemimidieotaffereb@séorsthatth or tyasecindidate daset he
esti mat ed Ch'(?ql evel 'gi‘f di.fference.and ference;

e

reporting tHaIMSHEC dﬁ"f“‘ﬂ SrUmape & gﬁ%’ﬁt‘%"ef Sifne; ﬁi*%‘éegﬁ% ?fa?aéL rgrsngméqutl ons' N

24. The set podidafe vak@éthtiohdasdd il the feceivePdoveriling sighlls03/ 007508 PCT/ US02/ 21781
29 2 if the estinated frane-level tine differences for the two or nore

candi dat e base stati ons are unequal, estimating the frame-level tine

difference for e a t
‘i gnwﬂ%coﬂmﬁﬁ@glﬂ%ﬁeﬂ 8 fettlaal %P@etgﬂﬁﬁﬂ%?ﬁﬁnﬁgt L od for

recei ved downlin CDMA“contruni cati on syste
det er m n2 ngdata n'umsgns,sﬁonsiomtbanmalammrsmgons for a term naI conpri si ng:

receiving an uplink transm,s n fromt a of _one ar nore
4 candi date base™§t'aFofls" lgﬁeﬁ?qsgilﬁsfn Pr ec al & e °r€| C5t oMW th the

term nal 3 eﬁv‘dicmbtba@cgstancsisgaahmaryrsb}eabbrb|fmoﬁﬁnad*@tlumekhettémsm SSI on as
received at each 6 candi date base station; ceiving a tinme difference for
cach of one or nEVEALEE MAEILAEIVAL UPE N HPIIMK EHTANOR A B AL oA

term nal ¢ apghddRictage Qivigh:a tinme difference for each candi date base station
based on the 10 estimated signal arrival time and the one or nore tine

di fferences for feREvVidses smendifferenes: forveach pfeonst en Mgres actdg. bayh stagighy of

cl ai m 254 fH&BRﬁE:cEthW:‘ﬂﬂh@% axp%gctl ng one or nore candi date base

stations for comunication wt he termnal; and 4 adjusting the timng
of the data tranéertmmmog o tiowm @&cmn%fcucfeaeu daa@éatst!am ctatio desd om thehe ti ne
differeg&edter nedfor Qe sel ﬁ]?ted hase tat termnpal _in a

wirel es ALY aBVé‘ e 0% TG 1S RGOS ‘g"’f‘? fé}ﬁm“ceeﬁé"’piﬁ P Relali ve to

recei ve andag@ivedassstgioghal s transmtted froma

26.  The method of claim 25, further comprising:
2 selecting one or more candidate base stations for communication with the
terminal; and
4 adjusting the timing of the data transmission from each selected base station

based on the time difference determined for the selected base station.

27. A terminal in a wireless communication system, comprising:

2 a front-end unit operative to receive and process signals transmitted from a

plurality of base stations to provide samples, wherein the plurality of base stations

4  comprises zero or more base stations of a first type and zero or more base stations of a

second type, wherein a time difference measurement for two base stations comprises a

6 first part indicative of a chip-level time difference between the two base stations and a

second part indicative of a frame-level time difference between the two base stations,

8 and wherein the frame-level time difference is not required to be reported for base
stations of the first type;

10 a demodulator coupled to the front-end unit and operative to receive and process

the samples to derive chip-level time differences between the plurality of base stations;



plurality of base stations to provide sanples, wherein the plurality of
base stations 4 conprises zero or nore base stations of a first type and
zero or nore base stations of a second type, wherein a tinme difference
measur enenWof03/00%50 base stations conprises a 6 first paPCTiURe/1IZHi ve of a
chip-level tine difference between the two base stations and a second part
indicative of a franme-level tine differ#hce between the two base stations,
8 and wherein the frane-level tine difference is not required to be
reported2for basscomiclitr onpleds totthe démoddatorye; opkthtiae de readivk alieochiptavel ed to
the front-end \Lég,lt and operative o receive and ?r ocess the Zggﬁ)lgs, to
derive chi ptimggufergnceiang fopm time dillerpnge [reasuremants forthe base siahons ol thetingt i ons:
VIO 03/ 007 508, pP6TclISA 2B A @nibAc bl GRIBI MirkiRtles GRLPhRMerbehikdavalragiul at or
and operative to receive the chip-level tine differences and formtine

di ff erence measud EARSHIE A4ty pracpssobespledita theospntrellendnd operative tdreggipeamshsed on
the estigmt g cli fe! BYE! ailrbMied LEHERERS APdne ALAHR BF Tadedtidhtigy and 2
transm { data processor coupléd to the contro rand operative 1o receive
and 16 progasmiision fronvehedediirslence neasurenents for the plurality of base
stations for transm ssion fromthe termnal. 28. The term nal of claim?27,
further conprising: 2 a receive data processor coupled to the denodul at or
and operative t 028 ecerteleniflal oPCRAER DS, flRAREUMBEGHg:Synbol s to derive
frame-level time differences for base stations of 4 the second type, and
wherei n #he cont # Beeide data progessaesouplsd e thedsmogulaior and onegatiyp 19 eeeive and

Teasur eent sroofls Binobiified ol & deRIS rRhelitVRI BE AbrbBE R 8380 Afdnd b
estimated chip-level tine Ifferences and frane-level tine differences.

29. The 4er thesedondtypel aridn 27, wherein the wirel ess communication system 2
| mpl enent s W CEI“&P%E]%QH@&%UO?IQ!’iSF@fﬁlCESée%ll Ito fg CJirs%H}ffé?éncxm e 'repménrt]se
controller is furthér operative to hcapsulate the tine afT ey ence
measur enent forf the base spdtiohsldft the odecdirls eypat bdsedom the estimatddNelpiéviey pignel
measur enent d,rf@oort nﬁﬁ%g%g }?Fﬁf'i ne‘ﬂf by the WCDMA standard. 31. The term nal
of clai m 299" RHEFE Y BV Hge dtferFRees.yr t her operative to 2 provide the
time difference neasurenents for the plurality of base stations via a

paraneter Tmfor _chip-level tine differences and paraneters OFF and
COUNT-C-SFN 4 & frEeteraipel of ¢lagn d f vbereince wireless communication system

2 implements W-CDMA standard.

30.  The terminal of claim 29, wherein the controller is further operative to
2 encapsulate the time difference measurements for the plurality of base stations in an

SFN-SFN type 1 measurement report message defined by the W-CDMA standard.

. 31, The terminal of claim 29, wherein the controller is further operative to
2 provide the time difference measurements for the plurality of base stations via a
parameter Tm for chip-level time differences and parameters OFF and COUNT-C-SFN

4 for frame-level time differences.



