WD 03/ 007508 PCT/ US02/ 21781 METHOD AND APPARATUS FOR TI ME- ALI GNI NG
TRANSM SSI ONS FROM MULTI PLE BASE STATIONS IN A CDVA COMMUNI CATI ON SYSTEM
BACKGROUNRO oBjoetsds [ 1001] The present invention rel ates gememraishy21781 dat a
conmuni cation, and nore specifically to techniques for tine-aligning
transm ssions fromnultiple base stations in a CDVMA conmuni cation system
Background [1002] Wreless conmunication systens are wi dely deployed to
provi de vari ous E’tﬁﬁes of conmmuni cation including voice and packet data

servi ces. TheM OB AND APPABATUSHOR TINIE- AdlEGNENSscess
(CDVA), ti | XiSn ' r '

access tecmgssw e gMMo[(\J;Le LEt%;AgSgd§$‘§g‘g}ggN§/gNot her
types of system i ncAu@iDi @QNMENI Ting S)YS,TEMI\/A systemis
typically designed to conformto one or nore standards, such as |S-95,
cdma2000, and W CDMA st andards, which are known in the art and incorporated
herein by reference. [1003] A CD\ Y RGROENPE operated to support voice
and data comuni cation. During a conmuni cation 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
soft hando¥ield (or soft handoff), the termnal concurrently communicates

with nultipf as tat ' i Vel sl agaln

del eteri ouE1 Ogé h g@e@{egse%%\gwpgﬁﬁflggp g?}g‘gr\‘{gfg%q*ra iécge%ﬁelﬁgl?gﬁd&’ ?B?rrg?rrleone or
mor e ot her spebfRallg t@atechigudsdior omkenli ghipp esinarhissioas froimsmilbipleshasé stagonsfior
exanpl e, pilot references, ages, broadcast nessages, and so on. [1004] In
accordancea\ﬁql\%‘}?@%wn§§%{%ﬂard, 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 beBaekgrgned and the reference tine of each base station may be
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recei ves dafpas bf adimufiRh@tSincluding 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 IS-95,
cdma2000, 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.



(i.e., radio franes) frommnultiple base stations. To ensure that the radio
frames arrive at the termnal within a particular tine w ndow so that they
can be prwpesloy7sps ocessed and recovered, the WCDVA st ansamrdspz/omsdes a
mechani sm whereby the starting tine of the term nal-specific radio franes
from each base station to the terninal &an be adj usted. Typically, before
a new base station is added to the terminal's actjve set, this base

station's t[]ror?ishg r While iR 80kt Gapdpyer. grtempal eangWeeh thy e kessdais Fapssnighiensr mi ned
by the tegmg r}%&loqu%éé?ﬂgﬁ]trﬁgh i)fé BRE s Sise Mo eﬂgﬁeﬁyﬁkmahfbeﬁaﬁl&%ﬁb'@ﬁts the

new base station to adj ust transmt timng for the termnal such that
the radio thean’esmalr\amhnmmpaemtuﬂamnne whidewrssvthisgbey sandici mnpexbepraqzqssezub(amlat ely

aligned in tinme to,t 0 s fromthe other ive base stati
1006 For eRup-CoR RO an R RS amrsrep e Eb o Re bl dat e
base stati @p ahifhlsEHiERERoPRHResS FRh @Ac BAsdGLali6P ALt @S WhindD casiR¥ SFN
observed tine difference type 1 neasurenent"” where SFN denotes s stem

frane nunbedJ)JSted' hTsplCﬁlbaénf@ﬁem@M st sidléen tsaddeshia e termendlisrasti vepeat s thi
provides t %as %t on S Yl{nhrég {e e#'n\,\fﬁtna ré’rhx%a f\:’\%as%aﬁﬁlo?nh%;de?r}%’mem Fhecan be

derived by I'ng e pSeudo- nol se uences used to

descranmbl e tdringnatl @audd kdpokied it@ th®| ssjstfeﬁp NThhggenbase isdtAtisQis newbase saton@ part
provi des the frane-level timng between the two base stations, whjch can be

derived by aiuglcitss Smsgiy fimang fqyéh%éﬁﬂnataﬂ Auchathat Hedadionigymes wshtitessfomhannel
transmtteg,, %thﬂl\?e b@§En %P@B t Rin C?Té‘f%%ﬁéﬁoln%hé Yo gifeera%m? ﬁgﬁl\éé AoffliHent 0 @

report nessage that iIs trans the termn to t system [1007]
I n cert ai noweCiiedyst emanonf i guratl ons, only the chip-level timng is

required t r n radio. fr of a new y added base
station. E}@ " ylj'. %e&“f Sﬁéﬁ/‘g’r s@R %’I &‘e e ?ﬁgerm@ebegf’%ﬁﬂ %nga?aed‘&ﬁ@r at ed
synchronoughge @ashnt it A &8RN BUR! sttidh &8 beSrepbRERMA KNESINIFN BBscpiet em
In this case, requiring the termnal to neasure and ngort the frame-I evel

timng as welel dlﬁfsrenckeetyph|1pn¢dem@mem”rﬂervgre(S§§\f derpi¢s wyate amheummrbeﬂ"hlsvvCDl\/A
standard) nmm r formance. t t fiermn ed to
process thé“%?“d%‘ﬂ sPClgﬁantr‘ive’lpanfs Thg ﬁrg[%%m 1gi§se h§tc513%r\{elbe 0|ge f At base
station camdiosiflksestashs] GhidhaymbRIdedivedby détbemglhe gBhg oNB esiio-ioagi on
may be limted to only a portion of the base station's coverage area and

woul d be bwhwuwemwoﬂwrarﬁblﬁ%Q@anﬁa@s frap tbe%ert@é%ﬁt@ws Sdeond,
the pfoces§éc%9d I&VSQ?QQ%@% @éﬁﬁﬁﬁ%gsbe'tﬁere éRV@EJQéetsl \ﬁhéhaé'a% beMl ch

may degrade per here | or e nee e art for
t echni ques dewvedi byq?ractasgn g lireademcginiating and devodimg) bi bpdadchaslmnaelatanemttetio a
termnal. one Slfl)gsre stta\et(i:orrllrs]I qIU}‘(laesle Sth)O aPtg Cz)l\r/eI gr?cat shu?ateg 1rl1Jt|o ra\ege X\flt)rgg’s/sg Oe7t gt8 is
PCT/ US02/ 2 Py dhe P P 2 g
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



3tine difference (i.e., only chip-level timng or both chip-Ilevel and
frame-level timng) fromatermnal in a WCDMA system for handover and
ot her appWpD®awd®ns. SUMVARY [ 1009] Aspects of the inventiPea/Usooizee
vari ous schenes to tine-align data transm ssions fromnultiple base
stations to a termnal. To achieve the 8ine-alignment, tine differences
between the arrival tinmes of tragnsm ssions. from.the pase_stations, .a
observed al[mieh‘é IEEPes Har,© ¥8h‘8'3?\é¢g1r[r‘i"?15%i Oéﬁa{%%eilﬂé an fr?W&'l%‘S?Ef‘EH?g%T he

syst em t hefonts R$miMafintd W-0HM AL iemtbAhnHEveRdhdldthet AHlchidRY at the base
stations such that the termnal-specific radio frames transmtted fromthe

base stations arrive at the terminal wthin a particular tinme w ndow.
[1010] In a first schene, a tine dw‘gwetmen two base stations is
partitioned into a "fine-resoluti d a "coarse-resolution"” part,
and only t qui art ( . - reparted wh rawﬁtd.-g-h CDVA
system anTMSFN&ﬁ%{g {EF tﬁ%dg%nzlﬁénpr%ggoﬁ t\%{q‘glgr £ |0Eeg) itlr]#oglgn Rt

f r ame- | evelrahdmiesiohs frerhemeeaplabdseastationg 1d eveamitdl @ o adhieletheninee-aViremsav,er
requested to performand report tine difference measur emsnbs for a list of
one or nor &MSadidfernges Rvween e aEYHi AT HelRUFRSITHdTURIRE Pavetationkidg f or
each base %E)/&tr{{%nat't?e Ee%idaln,sdtr BEEAHnYE al P pRVIdR[186 FNE S sRAS CTRL fsked then

Addi ti onal | e erm nal al so nmeasures the franme-Il"evel timnhg and
i ncl udes t hses thaf omimgt infermiation He BFiNt tIBFMmiypat [therbassustetienst sushl that fhe

required (e.g.,.,as directed by the sys .. Otherw se i.f the frame-I|evel
P mng i s Ftinakgaee i Bomt s eh Foubie e Hedns vhvert Bt RiEal,
predet er m ReGhirY Apstliculdiib wigdowle a known fixed value (e.g., zero), any
arbitrary value selected by the termnal and which may be ignored by the

system a VHIO% f dln a fiest sehgms. a tiaeedifferenee hetaiee AHY DRs§GMIANG 1spRFAeREdDy

vari ous nea (©..9. (5 AT t ] SSJ . GNS
from the sy anfindrssoReh, PREGH ECENS Riolbfy ARG e RAORTLERO
schene, thard irépordd f Wvaeenrequesetiwedor tthe BaSPOMAatysams, bs SENSENTityped 1by t he

term nal based on partial decoding of sonme of the base stations received
by the ter mMedgiremendcan he pPoytitoRpd §‘3%?é‘i‘i‘{netlﬁlé"'ltt@PWI#STenE%ﬁ“dd%%Héevél BMCmar y

comron con hg@gerf\cla.a NRREndvErF F;ﬁﬁ%&%daﬁd) Eerﬁ)rﬂlu mRetepsht dias t@ f?éré{cie%éas%r‘é/ﬂ{eﬁg may

be selected based on a par riterion (e.g., e recel ved signal
strengt h) . férfa Bstperdneculmaore basariyetionsf thegegninalt measores ite e)ipdecd dednh ése

stations hay Ehe sane system frane nuntr)gfr SFN) val ue at, a.part.icyl ar
time inst aﬁé‘%‘, P5estatens ih dr H]ﬂo'i? UG dPefn 8‘3?1?‘? 3%%%‘?%%‘- nﬂ%fdb[gor‘&b?ﬂu d by
the term ngdmm;@Ndish MeeaGltePeehathe-fel & th8inB dhd NRudes T8 fbi®¥a@ibn it tHeSIN-S
determ ned for the remaining base stations.
SFN type | 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 frame-

level timing is determined for the remaining base stations.



WO 03/ 007508 PCT/US02/21781 4 [1012] In a third schene, the timng for the
termnal is ascertained by the base stations based on an uplink

transm sswornsfoosos t he terminal. The timng information recaneozel7sy t he
system may then be used to adjust the timng of the downlink transm ssions
to the termnal. [1013] In a fourth schéne, the tine difference between two

base statiops is .ascertained by the.system based on a priorji know edge of
the | ayout ?ﬁ%‘&h si A8s? &‘r‘fﬁ‘f;}'e_"@eﬁ% “F‘rﬁ“g ﬁ%r e dprappal; s f’_lsﬁ"e‘wd‘i‘ﬁfie?éél_@vg?séas of
the base stalib@NBaseli SnSHf ﬁﬁl%keﬂﬁrls)fni%'i@fl fromt hh%rtemtlihﬂ.tTH@tMﬂﬁ@Hf@hﬁ‘&tbbndue to
signal propagation delays 1s also small (e.g., a few chips or |less). For

t he W CDMVArepstred byt e system dndy ¢heanbe used weardjust dogntioming hefnthe| ddwrdmls  and
a dedi cat eg channel fr@nte My, be determned (e.g., for the reference base
station), “ARYVAYPSIONRTCHELE st ations may be associated with the same tine

di ff er encefaByeenn hhufthconreme, ardidrduFpredecbansal thbapRe. sthddhsdis The
above schenmes may be used for various applications such as hard and soft

handover s, agsgpinedRydbe sysimPesednon dmaiopokripdeccethie laynut redsizenst thehe

i nvention r Vi i t aded: ratus
that i ot el G B B3 TRERBE Rrcat Bf Mo (ARRE o S Qb AHuF ok

i nventi on, tiestigle aacdriaady doe tasigig prefepatiion ddigfsdwalsBRiMal (BlgSGREWTChN doF THE
DRAW NGS [ 1015]_The features, nature, and advantages of the present

i nvention disP) TEARMY-CRMQ syppar BRiims GHCIRES BEMAPT 8 qOREWRNBIC Hagkt
forth bel o heRalAks Brdiel Rl Aol R et bd €% doAMeNER rdrBe MleCudohke

reference characters identify correspondi ngly hr oughout and wherei n:
[ 1016] FI Gand allsotherdhaagsatiomsd may wier sb@saed ontiuthe cane amme g fegence letwesnppor t s

a nunber qof .users and is.capable i npl enenti ng various aspects of the

i nventi on; %[eir(f’_f’ﬂm@] ?ﬁ&%&a%ﬁrcgﬁ‘ﬁ}??gﬁngge diagranms illustrating three

di ff erent ﬂm@lmr omab@y%&w&%ﬁy gelLadd RIS afbek ajplis&idne huenadfardysmtem
configuration; [1018] FIGS. 3A through 3C are flow di agrans of a process to

det er mi ne sofirdandfiverse pestid@sdgtenmipatipnnbed pessibhy ethes applicatens. | Thedarenti®ance
with three di,fferen [ [ Jnvention. [; |G is a
sinpl i fi edf‘g‘thSE E’“’?Yi“saegsrﬁ%qp%g’ ge%‘q%‘?%ggé‘f%rgﬁ%‘b'gfa%g %ggét“gﬁg%ti‘%“gﬂeg‘lﬁé’h%%o‘é

term nal . WpeoR/ @MBBithents]/ablb0RARAE8If the invention, as described in further detail

below.

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.



5 DETAI LED DESCRI PTION [1020] FIG 1 is a diagramof a wreless

communi cation system 100 that supports a nunber of users and is capabl e of
i npl enentwogsmarsbous aspects of the invention. System 10@cTnsozeEst a
nunber of base stations 104 that provide coverage for a nunber of

geogr aphi ¢ regions 102. The base statioh is also cormonly referred to as a

base transceiver system (BTS and _th station and its cov

are often collecti zel y r(ef d?ﬁ&iﬂ@kﬁﬁ@é&lpmm 100 may bee(rjgg;agﬁrega
to inmpl enept e re CDMA standard ch.as the | S- CDIVA
Camoboo. ieaBh e diic, T3 & diagtam oh 7 MIRIG poRtimisatos Sy 100 Yob SHPPRES 8hown

in FIG 1, h¥abéoss utd§ Thiak Scap@e dFantblenatinedviribuouapa of ik iSxatiem | n
an enbodi ment, each terminal 106 may comruni cate with one or nore base

stations 18%steon l0Aencludasia mimben@f baseistations 16 vhagipravidenasrversee fefepeabaig on
whet her or .not the termn I S, agtiv d. whet her _or, n It 1S i ft
handover . %ge%%ml"f Fﬁgl?qs. @.2,' %]?%ﬁéégrs atﬁqnﬁ%\)msroe %nrlrsng?lg r??eé}r]etgin%bsagiagRE rom

the base straidceifet QydtB (BTSN, nald, thanbadehetatign il it | coveragt eates e |dfiek)
refers to transmssion fromthe termnal to the base statjion. [1022] As
shown in Fralectvelpsfered 4¢ jap ceblaaSysteamd P taay Be designgdalo MEMYH AR

downt i nk.  RRSECEAAIPhaHdDdoh B0HE fsSod W IEBEIA A2 668 and ey sARGaraQ6!

base station ransmts to termnals 106 e, and 106 SO on.
In FIG 1, ot neosiahatibr thareof. Wi t h t he arrow i ndi cates a user-specific data

transm ssi fromthe base tion to the .termnal. A broken Iine with the
arrow i ndi gﬁ’tzé t H%r“t shayan i B néi V?‘?éourse‘(?a]“\?i"’ﬁgmpﬁn A5t d‘é‘?ﬁﬁse%pﬁﬁ%’rg'hg?tg ling,

but no usetysERgCir dfeHBSBmEARBRNIEHiRA. 106MY ddAenbASRe ShBldneRr nhFe BRAEWN i N
FIG 1, termnals 106b, 106f, 106g, and 106i" are in soft handover, and each

of these setignsnidfsonctbadownkem and upbirinahhragisen wiomenindepinging drawbetBerairi ons.
The uplink X ?géjrgllé B Es} g{giélésangﬁtjlle %10 \(l)p{\é)tr}t 1Fs| i%soflhﬁgﬁ(ﬁovselr.mhé %b\&/X{mll 61%23]

Each term A% W an active set i ncludées a l'ist df one

or nore " agiviasElinl)asersstb atah QAR sivh FldmMhe Basd Qigtidretorthd ermianmmdileaipismk These
active base station(s) concurrently transmt radio franes to the termnal,
and the tr ffsriPyssedinky refers te Hapsmistion, Bomdbhe tesmintal inthe basestatiofed to as a

Radio Linkgjg3ajhe A¥ LEFGIPLBRY sat eI Bh FAERISE 1ShARAOBal b HRC

active set IS Uesignated as a reference base station. For exanple, the
term nal maywalasd, dasd statidre | Gts garshatsi tonemiihdis t106b,st 060N geks 1 061 cbase \sedioni gnal

ot erence. BHGotasTaR BT A0fdROTaRl 06! oo B Baby Indesay8 f1024)
I'n accordaggf it LitohiRdAEPH S GREFCHatd BEnPRSEos FBk BBDabdsthfieh &Y #kem
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



may be operated such that they are all synchronized to each other, or they
may be WO 03/007508 PCT/ US02/ 21781 6 operated such that they are

asynchr onwovswa7seach ot her. This choice of synchronous or pcasysozbrenous
operation is dependent on the manner in which the systemis operated by a
network operator. A WCDVA system may afso be operated such that sone of

th b tati h i zed whil t tati t
Synchr oni B PGARTILE e SRS GBI Ut SHLHEvH ofiit b Balc B APTRRST n t he

system ar e,d@skibohOR0ofRedidN is HdfaadntfohGhe AAnhér ia vdiiagmergy&tunu%{)aueag) a
first systemconfiguration (Si) in which a nunber of base stations (e.g.,
three in thinstvexkmpeejorarke WdoMieslystoynatay phvuled gparited such wat simegakthef r ame
start and punbering. For this confii Laon, .t radio franes ne
common chaRfi&l® ‘m(oi"géf ,SYES'FH%H%""% P@H%%ﬁ{e? E)gs(r%es,s&)m? gra e W Syaduouzed ?\6%’20“& art

at  appr oxpsRit Yorlfip@rsidne fdrithebdse stagatlin filicgyBtetd are descdibed below. t,,,,, and
so on). The common_channels are channels used to transmt infornation to

al | terni nkl085] and16y gAdarIdjagram dlusiatinga fiph §Ysien cAnfigisntionySd h ticyhich a

channel , a . OoRJ Wels t S i I

denot ed byﬂgrﬁggrt&nn%asggﬁgt% ?{%ﬁé;%i gﬁ%ﬁﬁ@g&ﬁﬁﬁﬁ@&r{% E%F@n gﬁﬁl%?él%ﬁg}@or t he
base st ati dne-dighedfrappsaxi adtninbetiogs Famthis configamatioexbepidid hameosstihel v
smal | fluctuations around a nom nal value. In this configuration, the

syst em f r aRRMIROnERANNElSE e"vSt‘PrUE’Q“fma“PTL”’efr@H}‘Pﬁ)oE%H%H’é‘Fegfsﬁ%“r?Qé et adty
given tinme,] : : l; £h as tat{.on FI G
3 Ts & o ANy B e e R R TSP oR( 5 PR ch

nunber of PR§GeRt AL Mfinds Qiséd 38 PRSHA RFrMAAEH BNAYHnhidIE Nadd &vﬁﬁ@du'?gned
frame start but non-aligned frane nunbering. In this configuration, the

comon  chénshiske the pagerg ¢haonelt breadrastechgneal  apdsomarkhesyndppmestiondesysent he
sane tine. However.. the SF | u f C el any
given ti netr}engffsgnsct:aenor%ﬁs rgg{]mgé%yt ﬁ% %rgéné&? ﬁ?nsgﬁm%gégﬁgﬁea ?%}#g)ge‘[ﬁ‘fgée}] FI G

2C is a di agmagfor the daseadthiighsbelny dpproimben cantangin dinepexdepBioripdssibliych a
nunber of base stations are operated synchronously but with non-aligned
frame st ar smalhilichakpes pioynd annqmyinal ¥efie-i Jorthisi enviligprabioroisotys€An finare
frames fro i r 1

netoad of [P 3ERF saBbSHdrMedinB dhl fhorkls & ARy BREF chid oo BB, |,
t he SFN vakamsfdrall thriee basersmmionchannel franes at any given tine instance

eynohr onoltO3Bbnt 136 28 oh® SRERTGNLS R ECLiF<gar S61ah CoHEHIEn (ldnsy st em

has know ed@&hof nufibef 8f BhicY Qafibd¥l 218 M HHABE ’yRGLYRRR Bah AR  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



stations to sone desired degree of accuracy. The base stations may or may
not be operated based on different unsynchroni zed cl ocks. However, if the
syst em hawogenersv¥D 03/ 007508 PCT/ US02/ 21781 7 neans to decerusonzi7gshe
relative timng difference between the base stations (e.g., through
explicit nmeasurenents, or inplicitly if7it is known a priori that the base
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stations are operated asynchronously. Ih this configuration, the base
stations ame swpichsymaid),othienetheabatet figtians mmay ebeadeonghitp tveoperetedt ime theommon
channel franes for these base stations drifts over tinme. The comon
channel s f S¥YM@EERYS B‘Hgbguéat“&“i on are typically aligned to each other, but
not to thosfef the@tiehs kadReradt AMistddng ThRUHBNG SR BoRVAIAGA YRl)um Of
this drift may be zero or may be sone non- zero value (i.e., the tine

di f f er ence whichverymbéref hassestaiiams iarrepersigd asonehraneusly Inrbis sqrléguraion, the
decrease) . ,Because of the asynchronou ration,. n.chan for
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coi nci dencehannbbfr&ayefor thdsb ®aFhhtioak defis boer tihe Thevdnmohahaelels foasis at
any given tine instance are not likely tqo be the sane for _all base
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not synchroni zed, an user=specific radio franes r gl ven term nal
are |ikelyzto Jaduet (i.anshu timediifigretdecbebacen the basel wains tnzaryt Gamgnadllydintifeeseent
times (unless they are tine ﬁﬁo ensated). Mreover, the Q}rﬁ}oga}g?tign time
of the trafSAFYEdth Proptsegl heygyachongus grerationyfhe cammpn chaghels Tor{BEse dent
on the di st,aRce . Rak WREb tikely (BABA 4 tiR dafle BN (Il&s b§cBindRlencel NWBoreb R, USer -
specific transm ssions fromdifferent base stations are likely to be

recei ved byhet$IN veleesionshe commip ¢hanaeitframasens atngiarm timgrinsancearpot likely
conpensat eg%]ge Egzrnp%ﬁsgr a‘cﬁfﬁ%‘é’%’@aﬁ%?t em only the user-specific data

transm ssi sa?ed, but not the transm ssions on the
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station 1. 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



Simlarly, the radio frames (3102, 3103, ...) received frombase station 3
are offset by ATl 3 fromthe radio franmes received from base station 1.
The tine wWofiBeomoges or of fsets, AT1l, 2 and ATi. 3, are notrcaafSomedsby a
particul ar relationship and may furt her vary WO 03/ 007508 PCT/ US02/ 21781 8
fromfrane to frame. In general, for an8asynchronous system configuration,
the tinme glff rence OIX.Y can t ke on an éﬁs‘?}ndo val ufe |nceh(12n t he
base stati ‘f”a?lé‘?nfrlameas&?n%f’r‘?fs ofﬁélag'ia\?\x US ST (FaRTEYT R Gy the time
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times of the g ng transm ssi ons rom nultlnaéﬁ ase stations. The
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conput e thén;ﬂnrgpspbglg‘l&{.ences between the transm ssions received from
various base statfons. The tine differences can then be wused for various
functions, [I932h adof sombfurttiand isisfusefhborimeesssry th kp8g] thSafrivahamdpobthe
processi ng, ent ai I s_eval.uati nfg?one ew can stations for
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term nol ogy) reports to t he conmuni cati on system (i.e., the UMIS Radi o

Access Net WensknigsisrRargeivechframcrminus deps Hationgy) The flm%dléfﬁfeﬂ’é?%%ethe" be
”Easure”enh A it IR ngHsa'su sfHﬁ?a?r&'EﬁdTgﬁIhi@Bv&é‘Ch new candi date base

station to be consi lcliere ifctudion in rmnal's active set. The
si gnal qual1089] me S lemeoter paycebenglesaild o/adaongenwbetrkm new camlmclatet baslencl ude

t he candi date base_ station in the term nal ' aﬁlté) e. set. B‘? w&)h rﬁe
di f f er enceSABASUPE HSHISIR Be agvegset 8 éd?rﬂ‘g’t‘alt %’ aCilitalg s vghimythe
transm ssi W‘CBM{AL} stextne{h'g'té}‘?rlmalq% d@@%éﬂétgﬁ’qu?&h‘%% [nlﬁﬁébm'i&nmd}g@;

processi ng ent ai repfaci ng the current ive se a termnal with a
new pot ent fegbity tadihs jcommtunaeatipw eyssann (ion, thh &/ MESRadio z@lweﬁseNemorK (E§RaNDy.

The system d es the relative ti di fference between e _compn an
dedi cat ed ' %’gm rergpipologh, & Jmgy d&%éewgmfllﬁaﬁr%e'ge?nfeg\/éﬁnfﬂf qf'ﬂlétynew
active set pleSsue@NRRISHeRh Rw @dnagia@: 58 BrafibRtd 88 corsiréBfRiRNERoP S te
station for the new active set is typically indicated in a msssage sent to

t he term neermfnat’s Retiv¢ seanbla/sgnal pudBB meTbsempnenad bef esed te dedide whesheraur| y
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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.



the termnal 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 wwoh3wpbmsog erminal is currently "canped", i.e., tRreTh®msp298Rti On
fromwhich the termnal is receiving its broadcast channels and toward
which it is sending the neasurements refuired before the setup of

dedi cat ed which is ally done directly in handover
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Wth the timng conpensation, the user-specific radio frames on the DPCHs
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(e.g., one chi wor se resol uti on adequat e for handover. [1039] The
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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).



CDMA standard defines a (logical) broadcast control channel (BCCH) that is
mapped to a (transport) broadcast channel (BCH), which is further mapped
to a (phywoaalod7sps i mary common control channel (P-CCPCH) PCThsoberadcast
control channel is a higher |layer channel that is used to broadcast
messages to the termnals in the systen0 The broadcast nessages are
encoded in 20 mlli-second (nsec or ns) transport blocks, which are then
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ms frame offStid- dderskartef thaﬁran%mmgz r%im_ﬁ?ﬁ“ﬁ%may P_Srdefeﬁ‘@‘qe by PIgFesting Ph§rre_ of
the 20 mBgEH andfQecPicai tin®thekdEa lesﬁa?}{j‘liﬁn%@%a&ﬂﬁ’érpbé LaRER dRYihS Aatar m ned

by processing the SCH and/or CPI ese frane start tines nmay then be
used as t hdmes gomtheabase \sttions.i Mk Hroadcasiechbasd cot tiei BESPCHeab Mot st

channel on_the P can further be cessed (e.g., denodul at ed d
processed) PTG %ESEFWQH%??F&?& Wﬁ‘f?ﬁseﬁ@ g%é?cg Vot t%etsgﬁtefnr ti?fgﬁi"f’ ﬁrsc%?rrm n
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is determ ned based on the S|gnal arrival tinmes of the earliest nultipaths

for these bessestajioasiipdeternined Opsedpnabe siepahaa voli imes pbtheyeadigat sulingdisd, t he
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and reportgﬁqﬁ%e%ﬁ%@?ﬁ&%m via various types of nessages. The W CDVA
standard defid40es dn aSEdMdGichl witah Ve rGIDMA sshibdzid, thestimadiiffatnoecebeofeehhaot | me
offset ATx,y in FIG 2D, This surenment can be nmade by the termnal and
sent to t hBaseys4tans Jeat Aamaapued by Frauaband renprigd de Whih a%EeT8 Vit VEiCWay be
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measur enent™ are supported by the WCDVA standard, as briefly descri bed
bel ow. [ 104lihdidativeSHNhSHNe olifsetr VBgy in FIG. ADf i emessutgnpent tambeasadebetie” (or

nore sinply, "SFN-SFN type 1 neasurenent”) can pe used to report the
observed t fem@inaprg %%é%éﬁ%@éﬁ that the,fransAusstns; 1o e wsbase sBHom Ay Hse

reference P@rﬁﬁerﬁ%@& a0 Bart E?'gﬁ haRBSVH PRORRE  $dVetavtipes BPSENI S Rich&iEhedd M NY

and chip-level timng, wh may be” obtained by processing the broadcast
channel andretshppdte@ERChE W-€3MAtstaneland, asThreeflybdesaeddeloshannel and P- CCPCH
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or gani zat i gy d-SINE-SIFRC B/pROT 3heSurBRERT N chY bealsed @9C8port the observed time
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



[ 1042] To performan SFN-SFN type 1 neasurenent for a new candi date base
station, the termnal initially processes the SCH and/or CPICH to recover
t he chi p-wewelko7s08 me di fference between the candi date basecstusvr/ornsand t he
reference base station. This chip-level tinme difference is indicative of
the difference between the start of thell coomon channel frames fromthese
two base stations, and nay be determ ned based on the timng of the
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conbi ned by taking the nodulo 256 of the SFN difference, scaling the
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ms radi o frane. e conbl ne resueltlsavauetat falls wthin a range

of [0.. 256an38of f0- 25638406, 1]\0hips ewR&é 266 pspessent thé haximmuh valie Yad the SFNr  t he
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type 2 nmeasurenent" (or [ imply, L SFEN-SFEN t neasurenent”) can
al so be U.SQ'HDPEJUI?%&(‘OF' }(E%P%gszzrlgg@ngizﬁgl &?@f‘@?iﬁge??@ét ween a candidate
base statigp4apd t&f ‘W.gmc(%sa%g t%@tdiﬁé}en&nglghr@|rh@§§ren‘@ﬁ'ﬂ”>’1o§ hhee! evel
timng. The tefmnal determ nes the difference i'n the chip-level timng
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determ ne thé system frame nunber for the candi date base
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-SFN type |
measurement report message. In order to assist the handover process, the full range of
the SEN-SFN type | 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 handover may be less than optimal for various situations,



station. [1046] To add a candi date base station to the active set of a
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station. SggaRdvertfOvER &R Denthlph p bitfonf ARl 2 tre £iBR 66WIred B tHet candidate
additional delays (20 ns or nore for each neasured base station) that can

prol ong t hbassasielever Se?ﬁf@céf% peasassiegph i pwadenstrabanacl msulis in addigonal
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station if ptdaessf andraegtaee glerfoimantg. IThusoit iy enfi¢kiralde to use the SEN-SFN type 1
measurement (as currently defined by the W-CDMA standard) to repoﬁ the time
difference for a candidate base station if the frame-level timing 1s 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-SFEN type 2 measurement defined by the W-
CDMA standard.
[1050] However, the use of the SFN-SEN 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 SEN-SFN type 2 measurement is originally intended to be

used for position determination, and its use for reporting time difference for handover



[ 1049] In system configurations where the frane-level timng is not
required by the system only the chip-level timng needs to be reported
for the twom3sdofsherence. This chip offset nay be reporte@®cagisoz2t7se

SFN- SFN type 2 neasurenent defined by the W CDVA standard. [1050] However,
the use of the SFN-SFN type 2 neasureneldt to report the chip- level timng
for handover may al so be undesirabl e for various sjituations. For the SFN

SFN type 2fupsheiir@pessultipsowpsnfssiahc QBRUETGH iAccerding b thg LAFY Bnd t he
accur acy t@gﬁ;ﬂﬁ%@hﬁ /tﬁlegggﬁiém@ Wyt 2 nfdbie @St g%ﬂf C@%ﬂo}&e&'%gi&e@mm he

W CDVA st an to p or’possibly better ( future revisions of
t he W CDMAnstsapetar dDTDIA abt absarvet hiemeroti Bergoou ofitagr sl bis chippsities dbeatioon,

oaui r e [oEbHAYe WER 4BV RGBS TR Ly s el SRRl Rl

i ntended t gifReenct$BGtibPlocROSH ki:m%&éeﬁs@a W BdhaZ000). aNkbs| §smdlOFT DA -rélgtear t i ng
time difference for handover WO 03/ 007508 PCT/ US02/21781 13 functions nmay

result in sesagesuesbe exdhengedris aqascelseqursting tierigrminaltth eensuthe SKN-S¥N CDVA

standard, {he ,SEN-SEN type a t. issonly re ed i nsi
nmessages. {y@? I%&‘eﬁsrur%ﬁ% T v‘%ﬁo’tmﬁﬁwsfgrtgﬁig:g of Qlngernip "%f’“a&s"ea&%"%?ftgw
| ocation begheiiuels Ltﬁﬁdsdp?oNV@DDBA whd @bt b$ asli @ithmalst depldred Bn RO fizid.
enhanced observed tinme difference position |ocation technique used in

cdma2000) . Tieushe SNSENTDEA 2 BEastsEenHeNeE B religy) upan EdRBeIgag chiR-lgvelesul t
of requestl'-H? ] t : IRasufenent. Al so,
the SFN-SFR ﬁp@%grﬁ{é’%ﬁ%ﬁg{éwlﬁgggﬁ E%’;‘Stf O%§&q8%1$y terFﬁ nal s that
support OTO@A2hnd Awpectbyofalthe tievemtioal prodidpl eyraxlisi schetnes f oe tiche-aliphudatat he

SFN- SFN type 2 neasuyrenent cannot be relied upon_for reporting.chip-|evel
timng for TRZHIHIAS E‘?I]_F‘lc‘,‘?éhglgfrgasteesﬁﬂoﬁéf%a g tTg&ﬂHSY‘{)t?‘Fﬁ‘é’_’%%‘U%EHent.
[1052] AspgeliinObitteRicEONARESPMe REQVAI saiene\ga)rfltmmmr@%ﬁlalsqradsm:e@l fr@n data
transm ssions fromnultiple base stations to a termnal. To achi eve the

ti me- al i gntherbiage statinnst asmbsefived atrthe tominsdtane detemhaeciand pavided fethe systeme

Corminal , - 6 e EIERRETAE st feneth 8 RRusL Ploiiop 1 o80T fillay " e

system t hepheUs®Ss stdtidn isGdHghak Mo LE@LIpOdIfit Gadid] faghest Renshii@d Grodd thet bgebase
stations such that the user-specific radio frames transpmitted fromthe base
stations apteiiQns arive lak theelerminal Withimg pagicpler timeywiidow; nee i dshgmeseder al

schemes ar gescggescf: {n' &)e(?g% h%]ﬂgfe%xﬂdebthgle L e‘é%l}@??ﬂﬂg%tlﬂ)ege ﬁlﬁ@ﬁrﬁemd eSOkl
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the scope of the invention.

[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 1 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.



[1053] In a first tinme-alignnent schene, the tinme difference between two
base stations is partitioned into two parts, and only the required part(s)
are reporwed3/oFsnst he WCDVA system the SFN-SFN type 1 meadisopmest can be
partitioned into the frame- level timng and the chip-level timng, as
descri bed above. Wenever requested to 4performand report tine difference
measurenents for a list of one or mreﬁs&fzstati ons the term nal
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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



system a "nmeasurenent control" nessage is sent to the termnal each tine a
time difference neasurenent is to be perforned and reported. (A set of
"def aul t "womsas1snenents i s defined in the System I nfornat iPem/USSE2L78DN
common channels; and is used by default unless a neasurenent contr ol
message is received.) The neasurenent bkontrol nessage includes a list of
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necessary to report the frame-level timing. In yet another 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 SEN 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



t he broadcast channel). The broadcast nmessages can include a |ist of
synchronous base stations for which it is not necessary to report the
frame-| evwbD oBionisng). Al ternatively, the broadcast nessage®caarsor/aBude a
list of asynchronous base stations for which it is necessary to report the
frame-level timing. In yet another enbodi nent, the identities of the
synchronous _and/ or asynchronous base stations are transmtted via a

dedi cat ed SENaHA:typsrI weasurcseans woskhiaHarithip agpdiced rangs Qf [0 - B859P] ehipget

anot her enpodi nent. the identities of the synchronous and/or asynchronous
base stations are provided to the termnal a priori, prior to the request
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provided during a call set-up or. may be stored in the termpal via sone
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frame-level, timing,isS not require he term nal can asure onl he

chi pe1 evel ¢P A2arhiscrafioemBeprean Dre Svpdedoot zefElanRiTHRE P8 & ko
base stati gift Whd RarigRRESerd, PositioR MBRANMAAGE, AdWBdar. YThiarehuespasy akelbg t he
chip-level timng. The frame-level timng can be set to the predeterm ned

val ue. |f generaeddeematy id healteraing, feir §xamplen based podhe 1 guURICcEe0k 8r t he

i thin a rOHHEER FiangUeafihd oy bagbilef yiRudo ARG dBOMMDRT) o

3A is a fl ometliaags@aonof a process to measure and report time difference
measurenents, [ n accordance with an enbodi ngent of the invention. This
process ibﬂp%henﬂg‘Wh@“?q¥§@“%ﬁm%ﬁ§WPﬁﬁW€ﬂ‘Cgbhﬁﬁﬁ“ FﬁﬁgﬂsﬁBBW%ﬁ”
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measurenents for a list of base stations, at step 312. This request may be

sent by t heraysi detefroines theatime cliffenendeufasta bst, ofshash statiohpidentitiéd aabhdingar d
handovers, position determ nation, and.so on. This request,nmay al so. be
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periodically as determned by a tinmer, and so on. [1062] In an enbodi nent,
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i denti f i edmeasud&h&r@s 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



received by the termnal. For this enbodinent, a base station nay be deened
as being received by the terminal if it neets one or nore requirenents,
such as twe meemiged signal quality being greater than oPCeqisat/21781 a
particular threshold. The received base stations would then be included in
the list of base stations for which tin¥ difference nmeasurenents are
reported. [1063] The term nal also receives the identities of base stations
for which ftatem whidyis|a speeifip §asesstaiion 1pdRfuteraigal ectivespt s knpwa &0 bile

stations g\ L.l l?r?etg d as synchronous base stations, and all other
base stati onss%r%a%a%{ﬂen ﬁggéﬁot ed as asynchronous base stations. The |i st
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step 318. I's can be perforne y checki ng whether the base station is
synchr onoug.grzeasy atcttepoditdus. | f frame-level timing is required, then the

termnal estinptes_ the fr -level tine diff nce for th e s i on,
at step 3281&)6gﬁi s )}”B%dﬁ&%ﬂ??%@Swmgﬁaﬁﬁiﬁflﬁf%ﬁo&sd%glbedﬁﬁgl'%[’ E%hmmn
channel (egghchrdnbes BEP adlmemlonsiapae!statfoh®rt ikerPRPEItEd & tNsykend, @f kiepve the
system frane nunber, as ‘described above. For each asynchronous base

station, a326.mdn adi ¢rilkodiment, theati eedifiptences mepaehentpder bhdase sigtienseare
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required, @ tht S%tethf§ The eyiten rRasds aaapori Medsagammdll ddpistd the tiraseof 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.



station based on the estinmated chip-level tine difference and the
predeterm ned value (e.g., zero), at step 324. [1066] The tine difference
measur enewbD3forsoal | base stations in the list (i.e., botrcTawezrbrenous and
asynchronous base stations) are then reported to the system at step 326.
In an enbodi nent, the tine difference nasurenents for all base stations
are encapsulated into an SFN-SFN type 1 neasurenent report nessage, which
i s then sehhis arpeligietes ke disedvrmeagsy Ik pRAVEi U€s tmaller dypdqverdegiayendnd

adjusts the,tim.m ra 1.§S QN i e t S
station to?%%%&ﬂaé?dﬁ\o&hﬂ@gggﬁﬁn r?s't hgédtyinrar’eb i?éft[(rlar r%@%cfgg&ét fleﬁ%lt g%t 1?( gr ﬁ\te he
sel ect ed bpdestmihedvaludhtedengiess thd ANt Nty EsncapdrOmént Mbssagd isshot

time-alignnment schepe may be used for all configurations in which the
frame- | evepifeted ywhethey %é‘&&y"a‘i‘ﬁomr’ﬁg}e‘(%é"fg%i‘t ‘5Hﬁ?‘{ﬂj€€é" H5{meseags t o be

measur ed ap@ehEPOrfadfirst finke-AGERGTRL IsSheRRY hieS Lth@rsm@bimsgg& &d peRdurement
synchronous system configurations such as those shown i'n FIGS. 2A through
2C. | n systeportanesbagguasaddfoad by S WEDSBA stdndamic audhhllored the teyfninahéo report
frame-level ti ifference be .a non-zer.o | ue. . wever, th er m nal
eports 1 nenisr e sbierisrane aftien i o Baf 8y el e is RSl 0081 o
the SFN- SFNstenRe TheTBasdm GaEMhe cAPdilROSS1 BrbYdcast QRAOCHsorfafed,t &dcuadnug f or
the frame-level part does not affect the ability of the systemto add new
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al ready kn e’ Sys irst tinme-alignnent sc
provi des nsrahe Ytinwdieadlt praefor the ISAN-SFNetypt €r measadrerdeesonbé pheiettrinmed

denodul at e and decode the broadcast channel to recover the , system frane
nunber of 4aligndHEMEYeTHHSEICETA Srpulth SIS the, SERTSEN DS o HSESFEBEtr ed.
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above (i.e. andover region and additional demrodul ation | ays).
Second, by 1smtasuragentie [@ r. &B80/389k¢hipay which wdwéd hpredehaverd redecedabngs, oft he

| engt h of e SEN e. 1 neasurepment, nessage is not affected by

whet her orEdlp?g%ff’:‘@st(%gﬁ'ﬁ?ét-@8§}esfgﬁ‘ ‘fth’r‘ést?rBﬁg[itngrﬂ | uded in the nessage.
[ 1069] The[fg70pt trh eseRbhd BRI cHERBMEHERRS tHehEm STt bepRech RABAEEMENt
report nessage, as defined by the WCDMA standard, and allows the term nal

to report stohtns ishdeterhiiped by @l termingl Basefl emepartial fdeqodings ofagamg el éhe basging i s
o220, ket Y P TOE SRR s P RAP L bR et
i nf or mat i oBewhlék &ighalk Nednsiitdddfront theebde dtaiopk aoeddednteir geavade. t Mhe
br oadcast channel to recover the SFN since the term nal can
terminal further decodes the primary common control channel (P-CCPCH) for a number
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 1 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



set the frame-level part for the SFN-SFN type 1 neasurenent to the
predeterm ned value. However, the termnal would still send the SFN SFN
type 1 meweusenmsnd nessage as a number encoded with 24 bipcg/(se2/arel t he
maxi mrum r ange of SFN-SFN type 1 neasurenent is [0 .. 9,830,399] chips),
whi ch woul d however have a reduced rangt of .. 38399] chips (the eight
nost S|gn|f|cant bits are set to zero). S% 8@(] ? secogd time-alignment
scheme, thé3%i ke lrmngf Hep detsiyenaas PrAESH oé‘f“élf‘ Stenajs r%f‘@r‘iﬁ‘ﬂ’éiateby a
t er m nal b§§&%f&@n&%agiﬁhtlcngQc&éﬁgjﬁf some of the base stations received
by the termnal. For scheme, the ternminal initially processes the
downl i nk s{ial s tFarsoh chmetiddte dmsd statidraglee mmabnstlmaif:sjmeedtm—ﬂdvel time

presence. T termnal furthe codes th ri commmn ntrol hanne
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particul ar gerfrdid 198l timho tiffXeERs for thBdr moRs Eardliditd BARE sWIBRE af QEEBYEAASI gnal
strengths are above a particular threshold (i.e., strong enough to be
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configuration Si shown in FIG 2A) can be deduced. = The term nal can then
hypot hesi zéramqa&tart Rad seRReAUgAR tets the daame lsyehtie hitieienefetpy e9ghk &emaipingi ons
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manner descrlbed above, at step 336. The terminal also estimates the

frame- | eveP43.i rhbe SystemTeeki s %rrenqmddrmqwévfﬁerwwWh@@uaaéhe gmitg ofntdhe at
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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. Altematively, 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



frame start and consequently sets the frane-level tine difference for each
remai ni ng candi date base station to the predeterm ned val ue, at step 344.
Q herwi sewoioB/obtses f rame- | evel timng is not the sane at PCaws8ael7st he
frame-level time difference for each renaining candi date base station is
estimated, at step 342. [1073] For each2andi date base station, a tine
difference neasurenent is then forned based on the estimted chip-Ievel

time diffeperRBPIERd SENREN type dsmepsrementt pagredacede| the | e (iGH efcsnte or
the predet g;@&ﬁ&%&%&eﬂat% t8t08ﬁirﬁr§§acd§9ﬁr&héﬂ’ev9f érhﬁ\fg.ence measur ements f or

t he candid ase stations are then reported to the®system at step 348.
The system10d6ki vda athed tiepeiligathehi suheohef the tiemag $oran@rraniplis tascetrtametlibyi ng  of
the data transm ssion from each sel ected has tion to tg,g t er m nal

> St
based on t H¥ ®4shetaligns Pasedrier av 4p|ipa {1ABSRISHOR o 1B 2bad 8 SERPBH.  The
process t hﬁmiiﬁn@a@h% mdy1fdtHe 108 15 GEAGGNE tifffndbt @B ABIhIIME DS Eaths

provi de sufficient accurate tine erence neasurenents for system
confi gur at totheBImstedwn in FIG 2A, which is nore likely to be deployed by

t he networ rator than the other system confiqurations .shown.in FIGS
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in which the same SFN value is coincidentally obtained at a particul ar
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measur emensatioks aretableagociecé v tiaf uplikf @ansiniidnewh tseffichums etr&igl, i tas they

Alternatively, the termnal may determnpe later that it is not able to
decode t heS#harWratelanessingaico fhca amyph &ine 8l sy Uplite rapsipission- p deased ©nt ke

timng haseQﬁﬁa{?%@gighh‘itaﬁﬂ/aﬁ anF'?rth‘HEQei bitbasd %ﬁ?‘?@?ﬁng% iort RYWIEGLSIVI NG

an indication that~a previously report time enc nmeasurerent is
erroneous Hecaoserebdtioanbétween renimdmy plrnhels fremes hendngr thienedriowmayacpee famdm WO
03/ 007508 PCT@%% 2/ 21781 2}(]) a con‘gl et,e SEN- SFN %%Fe.l. measur enent t?nd
decode the"B5 5¢ §RLPHe e XS S JRIgYLE des PLoPPioHMING 195 €asth ¢IRRO U et yal
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atermnal is ascertained by the base stations based on an uplink

transmi ssi gansmigson fremtthe addedibaseTtatiands piopedy timerakigned atrthoiemmatiabn may t hen
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term nal ' snRedurstBeri®performed at the neighbor base stations. Each neighbor base station may
be designed to include receiver 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 difference
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



but are in the neighborhood of the termnal (i.e., neighbor base stations)
may be instructed by the systemto neasure the uplink transm ssion from
the termwalo3ersgs, a transm ssion on the uplink dedi cat edTays2ral
channel (DPCH)). If the neighbor base stations are able to receive the
uplink transm ssion with sufficient str&ngth, then they can accurately
estimate the arrival tinme of the uplink transm ssion. Based

t he
esti mat ed ERYyriagreafteriheaielactadglor ﬂP‘&n‘FWﬁ’é“ﬁ%éﬁ“g‘ﬁb‘BF t%‘é‘g%alsf‘ta§tf’%§go REI thatnr i orij
knowl edge o, &,Q%gslhg% 'o%f PehsREGWRG o QRIPRICRIMIRL saliBESthe @ REnd he

vari ous active an base stations, the systemcan determ ne the
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above- descrjper tchni ques pr oy Sy concinrently aomaaicate with mhulipe 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



termnal is handed over froma first base station to a second base station,
the neasurenent of the SFN-SFN tine difference between these base stations
al ong wi two osle7spound tri p del ay nmeasurenents (which nmay PeTpsot/orsed by
the first base station) allow the second base station to determ ne where
to search for the termnal's uplink tr2nsmission. This nechanismis
described by Chuck \Weatley in a paper entitled "Self-Synchronizing a CDVA
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provide 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.



signals, anplified, filtered, and quadrature nodul ated) to generate a
downlink nodul ated signal suitable for transm ssion over a wireless |ink.
The downlwolo3/oomsdail at ed signal is then routed through a dwegirassez2(7B) 418
and transmtted via an antenna 420 to the term nals. [1085] At term nal
106, the downlink nodul ated signal is r¥ceived by an antenna 450, routed
t hrough a dupl exer 452, and provided tao receiver unit ERCVR) 454,
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355 15 conflonEnlnisRhaRER it B aPRREHA L Ronting M P iqUinRlanen
processor #¢itad faithbapecsisad i(omg., ldd4credesypesiread| lyy a[ ho8nhtoDgMOID) d66rand56 may
further be operated to determ ne ' | arrival tjmes aof the.received
base stati BEIQneg by HHLAHIBF ‘N%&tﬁﬁﬁ%gggfo gﬂ@r%agélah@:g@ UIaﬁfgr?ég ed by
the term nglhlchalGhdrCrodid tK?olurgH%uﬁl'Ek]&' @vglz didBar@ifiteRl GR GRtchRL WOE R fhao base

stations based on the signal "arriva nes, as directed by controller 470.

Al t er nat i vbasg statiche signal arrival tines nay be determ ned by denodul at or

456 and provi.ded t cont r.ol A70,...whi ch .can then deternine fhe

b oot evel CRISHEC oi B o Ralion ol 48 Sprinf B30 e SR ET PR EteDER 430 at e
to recover raugl MirQMhdeupldi@r YS! M frotided 1) d i verfit (RTVRPATDNReLARTE
frames for one or nore received base stations (e.g., the candi date and

reference Baisd23tcandivasy theargceiveceeigndl ang @@h&dﬁ%sarenileg76he campleslarethen7o

o oo BSOS LOIE Bl WIE ShbRBIEIER, o b3, imsgETLY, O

regardi ng WM ahd basded (idhe@ssiry) by an RX data processor 426 to recover the transmitted
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



require frame-level timng and which do not, and may further receive the
request for tine difference neasurenents. Controller 470 then directs
denodul atwo 08667509 provi de the chip-level timng informatcarusboei7she
recei ved base stations and further directs RX data processor 458 to
provide the frame-level timng informat3%on for certain base stations for

whi ch such information is required.. Control .I@r 470 then forns an SEN- SFN
type | neadiicEnsst and Hisr encapsidaige 9fdhe fipe digleringe dngsawemeptsringnide SEHgo] on

the upl i nkerty bl [HlakordOf vedddemSEMSHN by P 1ohmERRSUESIEN: 1BPOT L _Message

is provided to'a TX data processor 464, which then processes the report
message i n[1A82br ddivcelanity,hvasodedspnasl qortwdessithgind cblemees hhike bgmoessed

mocul &t or - PEEAEdOn AT BRI foteh By sirer AR - COAA (M9 88 1o

generate afampliévk ti%ﬁi% laad %@lipSliegaattmm%wm}c Bisd BetrBgdhedoOuh Qfthdr hﬁ&uﬂhsﬂ%pIAexer

(D) 452 and transmtted via antenna 450 to the base stations. [1090 t

base st ati ber ex@mple, Yé-GIpMiAnsupprodsithetrepbrang)piad parsmeigc &imviod chip-layel éimmiag.420,

routed through dupl e 41 i.ded.to recei.ver..unit (RCVR) 422.
Recei ver th(??arﬁr?gte é‘ﬁ%’fPP‘gﬁ??ﬁﬁEf&;‘g‘g@ﬁ@feﬁ%@Fg%vaefﬁgmﬁ pT%VF@%'%”?g f%&s. The
sanpl es ar gestABA P F@ERS SRhil & DocusleapNeadGPHETO VIS4, SadkbndeMmdighalised) by

a denodul ator (DEMOD) 424 and decoded (if necessary) by an RX data
processor HPePeRtedlhGabyREracansnitted report message. The recovered

report espRs) | S IS SEb RuoARLE ALt A3 RGN NIGENRT O the

report nes € to a base Station contro sone ot her
entity. Theyssingnal wisith eregtidne alifterénoeenali bd paranomed infoortwrabd morel pacisudestgi n t he

report message may pe used to select ope or nore base statjops for

el usi on AAETSHE rpBRRT @IS heTaInE ‘ool Teinet BN et DS AQls: e
downl i nk t i RRUMSShQTS gahﬁwnééﬂﬁuo%%'&ﬁé-féilepﬁﬁ?fr%@ﬁé\@ﬂﬁani 183 kbmEnSher

el enents of termnal 106 and base station 104 may be designed to I nplenent

vari ous aspystas, gfe tirhe diffeveneeineay, beopardiesnediinioc fatroresolulipre pat embatearef- t he
termnal or base station may . be inplenmented with a digital signal ocessor
(5P | an Fesiliin B G SR P ronfE Gt Pt fipReelindote? o AR BogBla °5
M Cr opr OCessiRY other sf@ithd. OFbeEach df Thest @a&R] thel he@surethehi Blafl bRrpRefoanE@Re gate
array (FPGA), a programmable |ogic device, other electronic units, or any

combi nat i ofnly e easpureSpre wfpartheandynpiedeissmingd @r sletulisgiusgmae de upesetPrher ei n
o150 ORI 2oL VAT cxeute on 3 prasessar. Ko dorsos
PCT/ US02/ 2[i084] 24Headings 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] WHAT IS CLAIMED IS:



di fferences and the encapsulation of the tine difference nmeasurenents into
the SFN- SFN type 1 neasurenent report nessage nmay be perfornmed by

cont rol | ew0430075pL092] For clarity, various aspects, enboacmarspts217and
schenes have been described specifically for the SFN-SFN type 1
measurement in the WCDVA standard. The2d frame-level timing and chip-1|evel
timng may al so be reported via other ﬁw nisns. For exanple, W CDVA
supports the reporting of a paramatep chip-level timng, and
paranmeters OFF and COUNT- C- SFN for frane- Ievel timng. These paraneters are
described in further detail in Document No. 3GPP TS 25.402, Section 5,
which is incor por at bda hercéss commueiceti@nsystent, 2088fhod Her tepotimggliésrentscr i bed

her ei n yalso applied to o stens.in which the
(he QT 1 oo ahE i barry GhBte FREmE Bl o7 Yate SRiems cABPOGPEr ar ent
resol uti 0n§as@@g{n@ﬁs & tiRt YpBand Serof idFeEhise RRASKY SEREOIMINES coin@nﬁlhg above,
the time difference is partitioned into the chip-Ilevel and frane-|evel

parts. 4or soneregeiving a se}qsl@%rfsr titrgediffeiencasi Hetweamide mllb’eOprﬁS@ istatignged i nt o
a fine-resolution p a _coarse- I I ti rence
may al so bghgg},n[ f S gléf%reﬁ)c% g}%surfzmgnt for @ n;garflzgmaxp@asg sta-{ comrrgsS tge fgg For

each ofe6 t hpgeimias6se of Behipelesel e differanyge between ftigs pﬁi’dcdl@n’ bas@’s ltlaMofﬂ hed a
required part or parts, and a predeterm ned or default val ue nmay be used

for each WEHEREqRASE stioarand ¢ soou pashiIdEE Ve s 3 Famgdevs! Hisree iffergnce

referenge e not
i nt endg%::l tlgEQ F%ﬁp 1 ﬁ%hlg%%ggg%el Ot (g]e%]t(')%gﬁekpt g&ségpié% %mﬁeﬁgﬁh&gﬁd&% hese

concept s maymbdael amml di€fatzinte isynotrreq),txfedrtosma'epmmsi folnrbaseg$tatirinstdiehe @ndti r e
speci fjcation. [1095] The previous description of the disclosed enbodi ments
IS pro deB'P‘FD enable any person skilled in the art to make or use the

present 'nvent'%elw dnﬁ'ﬁoceg@ﬁg &émmk@tngﬁqalsqr&ﬁ%gpmﬁn%mmﬁamsnls be

readlly apparent to ose skil in the art eneric principles
defi net herein ma@@ga‘bm lieyd ttrne diffeesmcesios dhavploraditypt h@gtstatla@qobas@d A from
the spirit or_scope, of 1 g ventlon Thus, the present invention is not

i nt ended tgl BETY c%0(‘-5"(!]' T Sllgﬂ ‘enbodi nent s shown herein but is to be

accorded the W figming SeRPEfeRNSE Sealireehtd fbhehed baseCitil@s dntle Mavetype
features disclosed her ein. [1096] WHAT IS CLAIMED |S: WD 03/ 007508
PCT/ US02/ 2hargd on pie: estipyaigd chip-leyel tungdliffsreases andrnpipdeiermingd wues e a net hod

for r epert I ng diefpt)ﬁ{n%QEéaﬁme difference measurements for the plurality of base stations.

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.



2 intimng between a plurality of base stations, the plurality of base
stations conprising base stations of a first type and zero or nore base

st ati ons wbD ta/oemeond type, conprising: 4 receiving a req®eTUShHne178i e

di fferences between the plurality of base stations, wherein a tine

di fference measurement for a particul ar2base station conprises a first 6
part indicative of a chip-level tine difference between the particul ar base
station and a gef er gAEandIRGE oftcddiim0B, atdrain IRE dndlcpint isi RahsaAltéd/ @100 a
frame-level time difference 8 between the particular base station and the
referente BUS@OBCARINGh, and wherein the frame-level tine difference is not
required to be reported for base stations of the first 10 type; receiving
and processing downlink signals fromthe plurality of base stations; 12
estimating chi p7] evelrh¢ ima&hel fof enl@nc 8s whereit hbe phdicaiont is ohnsbasel stati ons
based on the received downlink signals; 14 formng time difference

measur efrenfedi¢dsd ¢R8Hase stations of the first type based on the
estimated chip-level tine differences and a predeterm ned val ue; and 16
reporting the tine difference neasurenents for the plurality of base
stations. 2. TBe neTheotetfodelf alamm 1, whereirhibe prdnterimied yalug issgerd.mat i ng
frame-level tine differences for base stations of the second type based on
the received downlink signals; and 4 formng tinme difference neasurenents
for the base staliongh®diirl seelang 1t Whereid @scHaserstdtidas of thdTaise dypeharp- | evel
time differences and frane-level tine differences. 3. The nmethod of claim
1, further opuntpd swichEenopslyecei ving an i ndication identifying each of the
plurality of base stations as being of the first or second type. 4. The
met hod of claim 3, wherein the indication is included in the request. 5.
The met hod of cli@i m Fhe wheghodi of didim 1,naietihitinbass satibaadf tRENedonditggt @ 2
defined by WCDMA st andard. WO 03/007508 PCT/ US02/21781 26 6. The net hod
of cl ai fn 3°P&EAES AYICHIOBOYSAYi cation is transmitted via a 2 common channel .
7. The method of claim3, wherein the indication is transmtted via a 2
dedi cated channel. 8. The nethod of claim1, wherein the predeterm ned
value is zero. 91. Thé¢hemwtchod afclamal wlereinttbe edmmuhegatherssystemaisi 0GDMA t he

first t%pe are . .
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;:



2 operated synchronously. 10. The nethod of claim1, wherein the base
stations of the second type are 2 operated asynchronously. 11. The net hod
of clai mwp oaterses n t he comruni cati on systemis a CDVA 2PCarumson2irat i on
system 12. The nmet hod of claim 11, wherein the CDVMA conmuni cati on system
2 inplements WCDMA standard. 13. The m®thod of claim 12, wherein the
chip-level tinme difference between 2 two base stations is estimted based

on time2of f set s efdapPagireoths Ginfeedi ffEihcswaamrassts 18 et plorat aseirtasbbatidrie
downlink signals fromthe two base stations. 14, The method of claim 2,
wher ei n t hét gbpkRimidhbped mgpsesmenisreporemops2ge defipadiity thaty SN dstandaidhat
i npl ements W CDMA standard, and wherein the frame- level tinme difference
bet ween two base stations is estimated based on recovered radio 4 frames
transmtted on d¢@mmoiThe haahed soff cloam tl2e whaveibathe dtipdiévehsimel QiffeFerecenist hod

of claim 14, wherein the co channel roadcast 2 channels. 16. The
met hod of &JPRFt mamﬁ%mﬁa%w@hg‘?w&%ﬁ? ‘PCT/ US02/ 21781 27 2
encapsul ating the time difference neasurenents for the plurality of base

stations in an SFN-SFN type 1 neasurenent report nessage defined by the
W CDMA st andar d18. 17 Thhmethed éclafm dZamireein thehéamiereveh girodidpfdrence! ist i ne

Stanaard. - 1BotsReTBrI s O St SN Fr he ey Waenb FEGa st
difference is 2 reported via paraneters OFF and COUNT- C- SFN defi ned by the

W CDVA standard. 19. In a wireless communi cation s%/st em a nethod for

reporting tim nd%f or Ima wirejess commypisatign syskean iaethed farjrepyting Heing foral j ty

of base,st at, C LS [Wofs I r St - r nore

pase stati Dretoed? ik Halehu e, Bt MUt} of YpePurdrfico RSB ME A", 10

timng forof hérdtitgic antl zeroeoromorabese skawes 6f atdcond typeydvaip@isinga ti me

di fference neasurenent for g‘g ‘ ase sta{i opedi n the list conprises a first
0

ea A |
6 part fndicati (RSSO AFERESH t #1102 fordheyilist of ORe ©T HBPRekAse tSHtioBSs e

station angparelfh BhRNEfeRASEmedsatdnRit AtGach BREQRF RN Ehehﬁ@i&&ﬁﬁﬁs\é@ a%frstd
coarse-resolution tine difference 8 between the base station and the

ref erenGe batandicaiveonf aafmk-wwhelpvom tinfee ddGagrme-bateeml thei baset statndarid er ence
I's not eqyéfgr%gcé l())asg StaliSh %J £ gec];r% pz%%‘ i icsa%i% i0 A goa?ge—;[ers]&u{ici)nr tslrtne 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



10 type; receiving and processing downlink signals fromthe base stations
inthe list and 12 the reference base station; estinmating the
fine-resowotasonsvg me di fference for the each base stationpPor/udo2178st 14
based on the received dowlink signals: formng the time difference

measur ement for each base station of tH8 first type 16 based on the
fine-resolution tinme difference estimted for the base station and a
predet e m ned Vedrimgig BRCkichS difegrondel ingasuileendnit fer elchf wseraeionedsbie eeaontls f or
the base stations in the list. 20. The nethod of claim 19, further

conpri si ngtype Rased meit ithiy fmﬁiere%lar%-“fr}?ségﬁf?fzfﬁ Pdrdhqiicrpise SFROR IO U ch

base stati g . d on the received downlink signals;
and WO 03/ 8136;@%&%%%%8@?%%@5@% formng the time difference

measur enent for each base station of the second type based on the
fine-resolution_tinme_differenc nd e coarse-resolution tine .
difference esti friat edTP%r'f‘ecﬂl‘FéP.B§§§‘. tﬁji‘ﬁﬁ?re‘flﬁ‘e Re-frselnpan d‘F“ecfngeﬁ?r’fﬁ, .
wher ei ™ t hgotdsP&id BREreeh@inlchifRifink 6 @R0Rse staG@s! espond to difference in
chip timng for two base stations. 22. The nethod of claim19, wherein the

coarse-resolution time difference 2 correspond to difference in frane

nunbering of radio frames, faor . base stations. 23. | aCEDI\/A.

communi cation sg 't e_rr? ﬁ%%}fqﬁo‘?}ft%’f“ ?g’pv(‘)drsl rlelﬁ'gt%F i a'r?S(S)PUtlgn H“% IJFearﬁnICF y of
candi dag e B@afRp6&idiol dIffsrencdAPain® MiGbefiag of WHdNYfrAamELPr 865 bisersiatibes.t i ming for
t he candi date Base stations, wherein a time 4 difference neasurenent for
each candi date base station conprises a first part indicative of a

chip-level tine ﬂiffﬁ{%‘fﬁw %mié%%n%ga%gg%tmrﬁm@m Rra
ref erence base station and a second part 1 ndicative of a ane-1evel time
di f f er encephedlivg eficankzlatedanel statadres, tasgrissigt i on and the reference base

Fef er once base. EFHEHEALD E4bS RENTE e oA BT A e AF PRt ERe f or
each candi ggfhRasfadliBhtRToPaRASan@Batk Besd RARINV@RHRYNA FiR pak i ive 12
estimating the frame-level time difference for each of two or nore
candi dat e obaskipstwdlitiomsdiffarade beiweke theewoilidatt thomshiiork and gmefbrence base
6 station and a second part indicative of a frame-level 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:



14 if the estimated frane-level tinme differences for the two or nore

candi date base stations are equal, setting the frame-level tine difference

for each wermionisng candi date 16 base station to a predet ecmusezi2val ue;

formng the tinme difference neasurenent for each candi date base station

based 18 on the estimated chip-level t3%me difference and frane-level tine

difference; and reporting the tine difference neasurenents for the

candi dag e base Fth¢ edGateRBamd Neemembatiff@tnek abmth 3wo fouiridae carciodapy baeng: WO

03/ 007508 PCT/US02/21781 29 2 if the estimated franme-level tine |

di f f er encesfafiens @rﬁeurteﬁbaloﬁstrm@t@gc@ﬁoﬁ@a% -€vpadiae difigfongs Jon eachy Frappining

estimatj ng g{u‘&: remai ni ng 4 candi date

base st%tlggflnlagdggere on ﬁ%gl)?stgggﬁ \t/ﬁeydje %eg?/m In J]@F(QS%%EQ In a CDVA

communi cati on system a nethod for determning timng of 2 data

transm ssions f erm nal, conprisin receivin n uplink transm.sion
B at SYStepTCA AR 187

fromthe termn rb%l@lpl\éﬁ CORUNYYCAYGP SYstomed met S%W‘Et"&tf%wg of

pot enti Al Iga@%%qﬁl@gg@s &P5 t&ﬁm@bﬁ@hgﬁg with the termnal; estimating a
signal arrival tinme of the uplink transm ssion as received at each 6

candi dat e base srawnanm1n@bekunmgnampndbndnheémmnod ftoeachaethond oomeorer nor e
active pase i.0ns | n.with the n and determ ning
2 e B Fab it SRR slebopsp T s e e b etutfoaliBh Miihe (Bmaf
estimated si gnagstiakaiingal siphdrRr@nd tioke oP iR @JlinROEsinisIPondisf leedi e @sedehr t he
one or nore active base stations. 26. The nethod of claim?25, further

conpr i st ngeangiddq kase Figiomne or nore candi date base stations for

communi cati on Wly[Nie, ! Bl ibice 330 AP Uk HOmERE oLVl Bite Badche ifat 2

transm ssi on from e ase sta | on base erence

det er m Hedcdmmuhibaticell ttedeta@sd; sidati on. 27. Aterminal in a w reI ess

conmuni cat i on sast em . conpri Si Q? 2 a fro unit operatiyve cei ve
dyters

and process si gfEiFEIRIngng HnMg 5k 9T 3 rcéi“gfli‘}ed?ras‘bég"é‘ogt%? ﬁ’§ 6

Provi dgy SaggungSed WBSRLI Grival BighePdrdr b iohy opino?@ﬁﬁlesalff&ﬂef@&% fofhRQUMRIdr $hte 2€T O
or nore base stations of a first type and zero or nore base stations of a

second t ypsastivetpesesitaticmst i ne di fference neasurenent for two base stations
conprises a 6 first part indicative of a chip-level tinme difference
bet ween the two base stations and a

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;



second part indicative of a frame-level time difference between the two
base stations, 8 and wherein the frame-level tinme difference is not

requi red wo obeorseported for base stations of the first tpos/ushD2eEs1

denodul ator coupled to the front-end unit and operative to receive and
process the sanples to derive chip-lev® tine differences between the
plurality of base stations; WO 03/007508 PCT/US02/21781 30 12 a controller
coupl eth to the gesmeillertcaiplédeh MealediodiRitdrandegRiiOe theecehienhé ehighlevdli me
differences and formtinme difference neasurenents for the base stations of
the first timadiffjgsendeasedifosm time didksrenegmegswempnts &rdhe pasgstadions efrbadiss and a
predet gr m l,ue; : nsm -

Cont o1 er DEna R e OEinfuld AR b1 GRL SR AREs Ry SRUBL L b and
measur enent s f o# trahsinip dia @rodeysopfcobpise ts thrtdoanslléraind dpeatisaits sicoivefandm t he
termnal. 28. The term nal of claim27, fL%rther corr{)ri sing: 2 a receive
dat a ptoceR€essschigplisg difersnse gmsauiRmast 'ahdhopdiatin of ¢ Brse etdiane t05d

process de@%ﬂ-{i%'&d&&}ﬂm&nfﬁl.de” ve frane-level tine differences for base

stations o e second type, and wherein the controller is further
operative to formtinme difference neasurenents 6 for the base stations of

the second type,based on the esti. hi p-level tine differences and
frame-level ti n% -di f?lé‘ft@HE’é@l. Ofség?‘?’rﬁs%ig‘f'ﬁlﬁﬁgw&wm‘g'cl aim 27, wherein the
W rel ess comunj gative Ba@)pré@Bior ZolipTed &IBE dem¥M TN aRd GRIANG. to RleivERBd

termnal of claim?29, wherein the controller is further operative to 2

encapsul at progése deingguldictl fspmbals do dedwulirametnvel ime diffeseqsies feribiagg staions s e
stations ip_an EN- SEN, t ype 1 nmeasurenent report nessage defined by the
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differ €NCEeGifferences and frame-level time differences.

29. The terminal of claim 27, wherein the 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.



