WD 03/ 043229 PCT/ US02/ 35879 1 COVMUNI CATI ONS | N AN ASYNCHRONOUS W RELESS
NETWORK CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present
applicatiwoosloas2os priority under 35 U S.C. 119(e) to proTis0nBsl9
Application Serial No. 60/337,472, filed Novenber 9, 2001, the contents of
whi ch are incorporated herein by reference. BACKGROUND Field [0002] The
present invention relates to conmunicatidns systens, and nore

specifically, to systens and techniques for synchronizing a comunications
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common conmmuni cations nedium One such comruni cat lons systemis a code
division multiple access (CDVA) system A CDMA conmuni cations systemis a
nodul ati on and nulti pl e access schene based on spread-spectrum
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receiver by a correlator that uses a corresponding code to despread the

signal ' s Spadchiate meernanatesh herginshyyreferencewhose codes do not match, are
not despread in bandw dth and contribute only to noise. [0004] In a CDVA
comuni cations system a user may BAGKGROWWNEbrk, or conmunicate with
ot her users, through a network access point. A network access point
general | y Fielkd udes a radi o network control | er supporting nultiple nodes.
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[0002] The present invention relates to communications systems, and more

specifically, to systems and techniques for synchronizing a communications device .

to an asynchronous network access point.

Background

[0003] Modern communications systems are designed to allow multiple users to
share a common communications medium. One such communications system is a
code division multiple access (CDMA) system. A CDMA communications system is a
modulation and multiple access scheme based on spread-spectrum
communications. In a CDMA communications system, a large number of signals
share the same frequency spectrum and, as a result, provide an increase in user
capacity. This is achieved by transmitting each signal with a different code that
modulates a carrier, and thereby, spreads the spectrum of the signal waveform. The
transmitted signals are separated in the receiver by a correlator that uses a
corresponding code to despread the signal's spectrum. The undesired signals,
whose codes do not match, are not despread in bandwidth and contribute only to

noise.

[0004] In a CDMA communications system, a user may access a network, or
communicate with other users, through a network access point. A network access

point generally includes a radio network controller supporting multiple nodes. For



2 the purpose of this disclosure, the term"node" wll be used to refer to
a node B, a base station, or any other simlar conmunications station.
Each nodewDa3asxegned to serve all users within a regi onPgEAESOABISTo
referred to as a cell or sector. Wthin any given region, a user may be in
comuni cation with any nunber of neighboring nodes as well as the node
serving the region. [0005] In sone CDVA dommuni cations systens, the nodes
are synchroni zed to one another. By way of exanple, the Navstar d obal
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apparatus includes a searcher
potential interruptions in communications that may be perceived by the user.
Furthermore, it would be advantageous to minimize the time during which a user is
performing the resynchronization process because this reduces the risk of dropped
radio communication links to nodes other than the reference node, and it makes
position estimates that are based on propagation delay measurements more

accurate.

SUMMARY

[0006] In one aspect of the present invention, a method of communications
includes establishing a reference corresponding to the timing of a received signal
from a first source, determining the timing for each received signal from a plurality of
second sources, adjusting the reference to the timing of the received signal from one
of the second sources, the timing of the received signal used to adjust the reference
being closest in time to the unadjusted reference, and synchronizing a signal to the

reference for transmission.

[0007] In another aspect of the present invention, an apparatus includes a searcher
configured to establish a reference corresponding to the timing of a received signal
from a first source, determine the timing for each received signal from a plurality of

second sources, adjust the reference to the timing of the received signal from one



configured to establish a reference corresponding to the timng of a
received signal froma first source, determne the timng for each

recei ved wogaakszk¢ om a plurality of second sources, adjuPCTiuse2/838ference
to the timng of the received signal fromone WO 03/043229 PCT/ US02/ 35879
3 of the second sources, the timng of the received signal used to adjust
the reference being closest in tinme to 8he unadjusted reference, and
synchroni ze a signal to the reference for transm ssion. [0008] In yet
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readily apparent to those skilled in the art fromthe follow ng detail ed
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plurality of second sources, adjustment means for adjusting the reference to the
timing of the received signal from one of the second sources, the timing of the
received signal used to adjust the reference being closest in time to the unadjusted

reference, and means for synchronizing a signal to the reference for transmission.

[0010] Itis understood that other embodiments of the present invention will become
readily apparent to those skilled in the art from the following detailed description,
wherein it is shown and described only exemplary embodiments of the invention by
way of illustration. As will be realized, the invention is capable of other and different
embodiments and its several details are capable of modification in various other
respects, all without departing from the spirit and scope of the present invention.
Accordingly, the drawings and detailed description are to be regarded as illustrative

in nature and not as restrictive.



Accordi ngly, the drawi ngs and detail ed description are to be regarded as
illustrative in nature and not as restrictive. WO 03/043229 PCT/ US02/ 35879
4 BRI EF DESORI0PERON OF THE DRAW NGS [ 0011] Aspects of thepomrasensssinventi on
are illustrated by way of exanple, and not by way of limtation, in the
acconpanyi ng draw ngs, wherein: [0012] FIG 1 is a conceptual overview of
an exenpl ary asynchronous CDMA communi c¢htions system [0013] FIG 2 is a
diagramillustrating an exenplary downlink frame structure for the a
synchroni zation channel ( BBiEF DESCRIPHION OBTHEDRAMINGS physi cal channel
(P- CCPCH), and a common pilot channel (CPICH) transmtted by a node in an
asynchr ori6041CDMspectaahiheapriesest myention af@lildirafed®y &aysofexamisie, amdihot

bl ock di ﬁglram qu.ustt Ejati.nq the generation of the .synchronization channel
(SCH), WEY REATIRERRR 1he ACFEMPARYIEE LRWIGSn WEET]IBL CoPCH), and t he
common pil ot channel (CPICH) by an exenplary node in an asynchronous CDVA
conmuni ca[PBE')?.ls Kzt dnis Pogqr&ﬂe%'qh overview, of oait exemplany esyn@woneus XeilAar v

user equiw ' ' an asynchronous CDVA conmuni cations; [0016]
FIG 5is a Hﬂ&gﬁgﬁgéwgﬁg{d’k di agram of exenplary user equipnment for use in
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descri ption neans "servin i'nstance, or illustration," and

iPﬁglr d en gg}l{liﬁf@iaﬁi 'ié’ ab ‘?ur‘f&f?)%taf Lbqgclélsdi ér%%eriﬁl?sc{ra%rnga & néear%ergt?osn Oo\ll‘e{he
_synchronization channel (SCH), the primary common control physical channel (P-
CCPCH), and the common pilot channel (CPICH) by an exemplary node in an

asynchronous CDMA communications system;

[0015] FIG. 4 is a conceptual overview of exemplary user equipment operating in
an asynchronous CDMA communications;

[0016] FIG. 5 is a functional block diagram of exemplary user equipment for use in
an asynchronous CDMA communications system; and

[0017] FIG. 6 is a functional block diagram of an exemplary searcher which can be
‘utilized in the user equipment of FIG. 5.

DETAILED DESCRIPTION

[0018] The detailed description set forth below in connection with the appended
drawings is intended as a description of exemplary embodiments in which the
present invention can be practiced. The term “exemplary” used throughout this
description means “serv.ing as an example, instance, or illustration,” and should not
necessarily be construed as preferred or advantageous over other embodiments.
The detailed description includes specific details for the purpose of providing a
thorough' understanding of the present invention. However, it will be apparent to
those skilled in the art that the present invention may be practiced without these



The detail ed description includes specific details for the purpose of
providing a thorough understanding of the present invention. However, it
will be appasem2240 those skilled in the art that the presantsoz/sssent i on
may be practiced w thout these WD 03/043229 PCT/ US02/ 35879 5 specific
details. In some instances, well known structures and devices are shown in
bl ock diagramformin order to avoid obséuring the concepts of the present
i nvention. [0019] Although various aspects of the present invention wll
be descri Ispdcifio detbails. dosbmea instarme@DWAlldmmmmnsktaacttUmssamdrslbenes e showki inl ed
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i n communi@ER0JorFIG.t N risra tfhastiorzne bivate didgramisef equiagyREHroAOEs SEIDMAS a
ref erence node as a synchroni atlon source for its transm ssions to all
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equipment, through one or more nodes under control of the radio network controller

102. In the case where the user equipment 108 is in communication with more than
one node, the user equipment 108 selects a reference node as a synchronization
source for its transmissions to all nodes. As the user equipment 108 moves away
from the reference node, the user equipment may ultimately need to select a new
node as a synchronization source. The user equipment can select the node that
requires the least amount of slewing to resynchronize its transmissions. Slewing
refers to the process of adjusting the transmit signal timing of the user equipment in
order to synchronize it with a new synchronization source. To minimize slewing, the
user equipment can select the node whose signals are received closest in time to the

previous received signals from the reference node.

[0021] An exemplary asynchronous CDMA communications system may be
designed to support the FDD mode of operation of the standard offered by a
consortium named "3rd Generation Partnership Project" referred to herein as 3GPP,
and embodied in a set of documents including Document Nos. 3GPP TS21.101
3GPP TS 25.211, 3GPP TS 25.212, 3GPP TS 25.213, 3GPP TS 25.214, and 3G TS
25.133, referred to herein as the W-CDMA standard. The W-CDMA standard is



previ ous received signals fromthe reference node. [0021] An exenpl ary
asynchronous CDMA conmuni cations system nmay be designed to support the FDD
node of oweroawix2me of the standard offered by a consorti umcmarsezi3ssde d
Generation Partnership Project” referred to herein as 3G°PP, and enbodi ed
in a set of docunents including Docunment Nos. 3GPP TS21.101 3GPP TS
25.211, 3GPP TS 25.212, 3GPP TS 25.213, ®GPP TS 25.214, and 3G TS 25. 133,
referred to herein as the WCDVA standard. The W CDMA standard is WO
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[0022] FIG 2 is a diagramillustrating a downlink frame structure ftor t e
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descrl bed exenplary W CDVA comuni cations system the frame duration is
ten mlliseconds and includes 38,400 chips. The franme can be divided into

fifteen s 2 wi th each slot having 2560 chips. Each slot 204 can be
further ph‘%f%l. %ﬂ@d 2 id d iagram filustratied \a dawalieh frasee tstrﬁgwﬁéorzg@ ehygisal

[ 0023] Th%gé%lé“écﬁ CERHOHAT 8nd ! F‘ﬂf{;c??ﬂbH R}a‘ﬁ%@ﬂn%g nBy % t(?]&e 3 C%P&CDMA
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CDMA communlcatlons system, the frame duration is ten milliseconds and includes
38,400 chips. The frame can be divided into fifteen slots 204 with each slot having
2560 chips. Each slot 204 can be further partitioned into ten parts 206 with each

part having 256 chips.

[0023] The SCH and P-CCPCH are time-multiplexed. The SCH is only transmitted
during the first part of each slot 204 and the P-CCPCH is transmitted only during
parts 2 through 10 of each slot. The CPICH is transmitted in parallel to the SCH and
the P-CCPCH. The frame timing for the SCH, P-CCPCH and CPICH is identical.
The SCH is sub-divided into a primary SCH carrying a primary synchronization code
(PSC) sequence, and a secondary SCH carrying a secondary synchronization code
(SSC) sequence. The PSC and the SSC sequences are orthogonal to each other.
They are generated using generalized hierarchical Golay sequences and Hadarmard
sequences and are transmitted on top of one another. The PSC sequence is the
same sequence for every slot and for every node in the coverage area. The SSC
sequence can be one of sixteen possible sequences in each slot. The P-CCPCH
carries broadcast data such as the identity of the transmitting node and other
information that may be of general use to all user equipment in communication with
that node. In parallel to the SCH and P-CCPCH, the CPICH is continuously



The SCH is sub-divided into a primary SCH carrying a primary

synchroni zati on code (PSC) sequence, and a secondary SCH carrying a
secondar yweynokazeni zati on code (SSC) sequence. The PSC amdTiUse2/S80
sequences are orthogonal to each other. They are generated using
generalized hierarchical Golay sequences and Hadarmard sequences and are
transmtted on top of one another. The PSC sequence is the sanme sequence
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[0025] FIG. 3 is a functional block diagram illustrating the generation of the SCH, P-
CCPCH, and the CPICH channel by the node. A PSC generator 302 can be used to
generate the PSC sequence comprising a predetermined 256 chip sequence that is
used in the user equipment for slot timing acquisition of the node. A SSC generator
304 can be used to generate the SSC sequence. The SSC sequence serves two
functions. First, the SSC sequence is used in the user equipment to identify the
frame timing of the node. Second, the SSC sequence also provides a code group
identifier which identifies a group of eight possible primary scrambling codes. In W-
CDMA communications systems using 512 possible primary scrambling codes, there
are sixty-four code group identifiers. The SSC generator 304 first maps the group
identifier into one of sixty-four possible fifteen element code words, and then maps
each code word element which can have sixteen different possible values into one of
sixteen possible 256 chip sequences. Each of the sixteen possible 256 chip
sequences, as well as the PSC sequence, are orthogonal to one another. A summer
306 can be used to combine each of the fifteen 256 chip SSC sequences with the
PSC sequence. A puncture element 308 can be used to puncture the PSC and SSC
sequences from the summer 306 into the first part of the each slot. A primary



used in the user equipnent for slot timng acquisition of the node. A SSC
generator 304 can be used to generate the SSC sequence. The SSC sequence
serves tvwo oBom2e® ons. First, the SSC sequence is used i nPChAISOEBI879

equi prent to identify the frame timng of the node. Second, the SSC
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The AFE { foWECOMSHE ispsibnaide Tasebangeand digiizes the bassband signal
[0027] The digital béseband signal can be provided to a searcher 406 for the
purposes of acquisition and synchronization. The acquisition of the node’s slot
timing involves a search through the digital baseband signal to find the PSC
sequence embedded in the SCH. This can be achieved by correlating the digital
baseband signal with a locally generated PSC sequence. In a manner to be
described in greater detail later, the frame timing can be extracted from the SSC
sequences, and used to determine which code group out of the sixty-four possible
- code groups does the primary scrambling code of the node belong to. Knowing the
code group of the primary scrambling code, the searcher 406 can determine which
primary scrambling code is actually used by the node. This could be achieved by
correlating the digital baseband signal with eight versions of the a priori known pilot
signal that are generated by scrambling with the eight possible primary scrambling
codes of the code group and selecting the one which resulits in the highest energy at
the correlation output. With the information about the slot timing, the frame timing
and the primary scrambling code, the user equipment is able to use the CPICH for
channel estimation and coherent demodulation of data transmitted to the user

equipment.



downconverts the signal to baseband, and digitizes the baseband signal.

[ 0027] The digital baseband signal can be provided to a searcher 406 for
t he pur pweas/af22acqui sition and synchroni zati on. The acqwicIiusomsssed t he
node's slot timng involves a search through the digital baseband signal
to find the PSC sequence enbedded in the SCH This can be achieved by
correlating the digital baseband signal9with a |ocally generated PSC
sequence. In a manner to be described in greater detail later, the frame
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[0029] The user equipment may also include a transmitter 411 to support the
transmit mode. The transmitter 411 includes a data queue 412, an encoder 414, and
a modulator 416. The data queue 412 can be used to buffer data that the user
equipment intends to send to the node. The frame timing information derived by the
searcher 406 can be used to release traffic from the data queue 412 with a time
offset from the corresponding downlink frame. In W-CDMA communications
systems, data is released from the data queue 412 in a manner that creates a 1024
chip offset from the reception of a frame via the first detectable multipath of the
downlink from the reference node relative to the transmission of the corresponding
frame in the uplink. However, any offset may be used depending on the particular
application and the overall design parameters.

[0030] The data from the data queue 412 can be provided to an encoder 414 for
encoding, interleaving and frame check functions. The encoded data from the
encoder 414 can then be provided to a modulator 416 which spreads the data with
orthogonal codes. The modulated data can then be provided to the AFE 402 where
it is filtered, upconverted, amplified and coupled to the antenna 404.

[0031] FIG. 5 is a diagram of a user equipment operating in a multiple node W-



assigned by the searcher 406 to identify the timng offsets of the

mul tipaths. The fingers can be used by the rake receiver as a timng

ref erencewdD®m3pexneel ate the traffic for each antici pated maTtiSpzs3s79
reflection. The separate correlations can then be coherently conbi ned and
provided to the decoder 410 for deinterleaving, decoding, and frame check
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support the transmt node. The transmitter 411 includes a data queue 412,
an encoderCRNA aothmunicetibnsait envibkdbmefbe dalina theeudv4DMEan chmmiseidations

d h | t o d dt h de. . The frane
P ng § e RMEREGIaLT Viasiesy ShPE e e Sheun- 468cR divdse Saked Fansiitagpiot

traffic f | I BB : : adi ng
ownl | nk 1o OB oL vt b erBgblrglonOARY THeMitol Sl rEReRfad
the data dyegrchinode H02andh it spraacawith rtbatsesna otibegonalhiqueobiik scrahmbied twith

ti la the.first detectable nulti .h of the doynlink
fromt 'hz”roﬁeer%gﬁbﬁ”}%%é%raemﬁwavgopsft e P&H&iﬁ'sfsqf%ﬁ%g@g m@_e@pv&%aﬂ%
f [ |t dietveye t e
p;?trr:acljlnarrs@]:é)%lui)gg?i on andéqicgﬂbg\;gr%ﬁ addggiyegnmpdﬁgrrét g[ﬁ%ﬁ Og}:%]rbr%tg]gt a

fromthe RfFaed419sergapipmetvdefe ds sbown meyingethraugh fdiffereph coderage

8s
interl [ . t,ions. e e at om the en er
414 can 1t heaofS by BUREIEHS iokBR MRS ThecuRR BAEEsEicR0s Y b TR
or t hogonalmeddigsthrdiigh rthd ufist esbvérage aegidnh&04ae P ayi deshirhed tinat ARE 492
where it is filtered, upconverted, ol i fied and coupled to the antenna

404. [ 003PRURNeNts008 is, agteRyting, tor e%tglq cegumyHeationspwitatthagietwosk. mﬁl'thmIoI e
de WWO R4 3292 [ / 7 pggﬁ ' ' ' t n
tn ﬁeew CDIVI&Q%lcf)IﬁTAmni cg{%ﬁéﬁgﬁnﬁgégﬂ%#tg? ulrp(h(r?\oges égﬁgﬁﬁﬁgﬁéygﬁﬁw I?ggh
node 502athk tGRIGHifos aaqpisliion aisd gyachtdmizatiphoas ddssribes renlidry e Afiey ehRoR
t rans

A N S e A TR SR R R

scranmbl i ngofPR@ficatidiflimid fPihe RIS hitstRAS 19 sB¥RgtNS tRk! bt signals from
the nodes. When the strength of the pilot signal exceeds a threshold, in this case
the pilot signal from the first node 502a, the user equipment 506 attempts to access
that node 502a. Depending on the resources available, the node 502a may
establish a radio communication link to the user equipment 506 for downlink traffic
transmissions.  After the access attempt is completed successfully, the user
equipment 506 adds that node 502a to its active set and establishes a radio
communication link to transmit traffic to that node. At this point only the node 502a is
a member of the active set of the user equipment 506. The user equipment 506 also

uses that node 502a as a reference to synchronize its uplink frames.

[0032] As the user equipment 506 moves into an area where the first and second
coverage regions 504a-b overlap, the strength of the pilot signal from the second
node 502b increases until it exceeds the threshold. As a result, the second node
502b may be added to the active set of the user equipment 506 and another radio
communication link  established. In that case, the user equipment 506
communicates with both the first and second nodes 502a-b, but the transmission of
the uplink frames by the user equipment 506 remains synchronized to the reference
node 502a.



signals to be distinguished from one another thus distinguishing the
originating nodes 502a-d. User equi pnent 506 is shown noving through

di ff erentwooseuzge regions by a series of broken |ines. Paa/usspsssequi pnent
506 is shown initially noving through the first coverage region 504a. It
I's assuned that the user equipnent 506 is attenpting to establish

comuni cations with the network. From tHe first coverage regi on 504a, the
user equi pment 506 searches for the SCH and the CPICH for acquisition and
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’ from the CPICH of the second node 502b. The second node 502b has now become

the reference node.

[0034] As the user equipment 506 moves further towards its final destination, it

" moves into an area where the second, third and fourth coverage regions 504b-d
overlap. In this area, the strength of the pilot signals from the third and fourth nodes
502c¢-d increase until each of them exceeds the threshold. As a result, the third and
fourth nodes 502¢c-d may be added to the active set of the user equipment 506, and
a radio communication link established between the user eduipment 506 and each of
the third and fourth nodes 502c¢c-d. In that case, the user equipment 506
communicates with the second, third and fourth nodes 502b-d, but the transmission
of the uplink frames remains synchronized to the second node 5025.

[0035] With the user equipment 506 synchronized to the second node 502b, an
ambiguity may arise as to which of the two nodes 502c-d the user equipment 506
should select as the reference node as it moves out of the second coverage region
504b. This ambiguity can be resolved in any number of ways. By way of example,
the user equipment 506 can resynchronize to the node that requires the least

amount of slewing. More specifically, the user equipment 506 can resynchronize to



strength of the pilot signal fromthe first node 502a decreases until it
drops below the threshold causing the reference node 502a to be renpved
fromthe wotdwes2get of the user equipnment 506. In at | ea®CTarse2/ashodi ment,
the reference node is not renoved fromthe active set imediately upon the
pilot signal strength dropping below the threshold. Rather, the pilot
signal strength should remain bel ow the threshold for a predeterm ned tine
before the reference node is renoved fromthe active set. This approach
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of ways. By way_of exanple, the user equi pnent 506 can resynchronize to
t he node tlﬁmg T [:[Jjg. 926 de{@cﬂo@@‘@ﬂ can also de-map the code word into the code group

identifier for the node’s primary scrambling code.

[0038] A pilot detector 606 can be used to correlate the digital baseband signal with
a locally generated scrambled orthogonal code. An orthogonal code generator 608
can be used to generate the eight possible scrambled orthogonal codes for the code
group to which the node is assigned based on the code group identifier from the
SSC detector 604. By means well known in the art, one or more slots of the
received digital baseband signal can be correlated with each of the eight possible
orthogonal codes until the pilot signal is detected.

[0039] As a result of this process, multiple copies of the pilot signal from the node
may be detected at different times due multipath reflections. A timing generator 610
can be used to detect the multipaths of the pilot signal and assign fingers to the rake
receiver (not shown) accordingly. In communications involving multiple nodes, the
frame timing for each node in the active set can be provided to a selector 612. The
timing generator 610 can be used to select the frame timing for the first multipath
arrival from the reference node. The selected frame timing is provided to an offset

generator 614 to delay the uplink transmission from the reception of the



anount of slew ng. Mre specifically, the user equi pnment 506 can
resynchroni ze to WO 03/ 043229 PCT/ US02/ 35879 12 the node for which the
first nulwopawis229ri val of the start of a downlink frane IPETAISO®8IST9 i n
time to the start of the first nmultipath arrival of the same downlink frane
previously received fromthe second node 502b. [0036] FIG 6 is a
functional bl ock di agram of an exenpl aryi8earcher which can be used in the
user equi pment of FIG 4. The searcher includes a PSC detector 602. Since
the PSC sempresspendimng devisimkefrdme. dadie désdribeidhexdpfitladetmbodimétt2theadelay is
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timng. THeoddatareh1és vod At 402 1{see 56 G- map the code word into the code
group identifier for the node's primary scranbling code. [0038] A pilot
det ect or d064@hnDbengs ék t waffior cehahenicatont ghdétalechathbamddei gndl the t hisea
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reflections. Atimng generator. 610 can be used to detect the nultipaths

of the pi Isdesialhalowipeadatesminegd dresheldl for@nr extended period of time, then that
node should be removed from the active set. In the event that the pilot signal from

the reference node falls below the predetermined threshold, the pilot detector 606
can cause the timing generator 610 to select a new node as a timing reference from
the active set. Assuming two or more nodes remain active, the timing generator 610
should select the node that requires the least amount of slewing. This means that
the timing generator 610 should select the node in which the first multipath arrival for
the downlink frame is closest in time to the first multipath arrival for the downlink
frame previously transmitted from the former reference node. This selection criteria
should be émployed even if the frame timing information from the SCH for the
former reference node is no longer available. This can be accomplished in a variety
of ways. In user equipment having with a rake receiver, the finger assignments for
the former reference node can be used to select the appropriate node for
resynchronization. Alternatively, the frame timing for the uplink transmission can be
used to select the appropriate node for resynchronization. Specifically, with regard
to the latter approach, the timing generator 610 can be used to establish a reference
corresponding to the frame timing of the uplink transmission. The reference can be

moved earlier in time by 1024 chips to derive the first multipath arrival for the



receiver (not shown) accordingly. In comunications involving nultiple
nodes, the frane timng for each node in the active set can be provided to
a sel ect owo@3@432The tim ng generator 610 can be used to PeTaAsn2/83329 f r ane
timng for the first nultipath arrival fromthe reference node. The
selected frane timng is provided to an offset generator 614 to delay the
uplink transm ssion fromthe reception of4t he WD 03/ 043229 PCT/ US02/ 35879

13 correspondi ng downlink frame. In‘'the described_exenplary enmbodi ment, the
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for the downlink frame is closest in tinme to the first nultipath arrival

for the df8GU2InKrhef varieuprikustativeogicahbiodkseinddwles ! Badf difdie dedceibencia
node. Thi ?;or%r?é&%nl o\l\r/]i’thC r’clhteere!n%‘bodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof designed to perform the functions
herein. A general purpose processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller, microcontroller, or
state machine. A processor may also be implemented as a combination of
computing devices, e.g. a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or

any other such configuration.

[0043] The methods or algorithms described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A software module may
reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM, or any other form of

storage medium known in the art. An exemplary storage medium is coupled to the
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for the uplink transm ssion can be used1bo sel ect the appropriate node for
resynchroni zation. Specifically, with regard to the latter approach, the
ti m ng germpetssor&lehdhat be pemestor ean adhd difommatidre frent eandcwritee ffomekation t o

the frame tipming of the uplink transm ssign. -The reference can, he ved
cart i er ot MecstfRopoBadiin g tos SRERTAINE, & storac Reniparay 6 ins@ial T ne
WO 03/ 043 / i : e
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t he upl i nknay aesidiesii anusemtasminit dn theclterestive, i thet processmreandthe gstomges
for the forner reference no&le are no Iongter. preser{t. .59041] Regar dl ess of
t he net hocmg@ﬁm nWere?'idﬁie?‘Fg '@%rr%‘? SPEPOBERSM A Y 'EEYI"2 hew node as a
reference resynchronjze its {ransm.ssions. The sel ector 612 can he used
to sel ect [bﬁé“]‘erﬁ'ﬁ% RieMoMs fescrintions ioa‘stflenﬁlspm&ﬂhemhqdwﬁnﬁsr SmArgwded to

ref erence dipffe ibr e i A O\
generator 614 tgngreaae aré@rf(} %gnﬁﬁplfjitﬁgpaté gc'é]"mnfm‘&(sé;ﬁg#g? rt@%%gsﬁe@g%ﬁ@)@ \(/)?ﬁ%%%e
cor r.espondnedifidations itk tHesenembodimerie wihde resfdily eapparenidte. thesershgjbpel inf them
the of fset_generator 614 can.be used E’Ic_hrel ease traffqidg frﬁ?theb%a
queue 412 3h 4 r SRIGHG PEnciDies qelingd heeeingnay ke appliass ieifier gmbqdigents
upl i nk tr aggidut Sdepartingl fRemdid Nepifite oY NsdopRNE ahbOhveRfsh.d Thasdene sresehh! v
rather than instantaneously. Qherw se the node receivers m ght not be able

to track inyerfiopHamgs intended e betlinited taythe] emboplinerds showausereln bgtisdo ibee
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general puwigsesedpheepssor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmuabl e gate

array (FR6645] OWHAT ¢ CLUAMEDTSL! e | ogi ¢ device, discrete gate or
transi stor logic, discrete

or



har dwar e conponents, or any conbi nation thereof designed to performthe
functions herein. A general purpose processor nay be a m croprocessor, but
in the alwermatizee, the processor may be any conventi onalPCErusoz33soy ,
controller, mcrocontroller, or state machine. A processor nay al so be

i npl enented as a conbination of conputing devices, e.g. a conbination of a
DSP and a microprocessor, a plurality of16m croprocessors, one or nore

m croprocessors in conjunction with a DSP core, or any other such
configuration. [0043] The net hods or abAIMShns described in connection

wi th the enbodi ments disclosed herein nmay be enbodied directly in
hardware, in a software nodule executed by a processor, or in a

conbi nati on of the two. A software nodule may reside in RAM nenory, flash
menory, ROM nerfory, ARRGWdefroommuEidRiOMs, cemprigingr egi sters, hard di sk, a
renovabl e di sk, a CD- or any other formof . storage nmedi umknown in the
art. An exenplary st&t hf?@diau%fﬁge@@uﬁpgﬁsf?@"q'% tWﬁT?S/“UH@Q a received
PCT/ US02/ 33&A1 frok? alirCR6&; such that the processor can read information
from and wwite information to, the storage nedium In the alternative,
the storage nmedi um rdefersainingt Hur diming foneeagir seesived .sidimal fromc as pturality dof
storage nedium,may reside in an ASIC. The ASIC may reside in a user

term nal . qeﬁ,opﬂgoérc[egr native, the processor and the storage nedi um nmay
reside as discrete GRAMYGEHS referanss & tHeetiminabf tHeORERIveliNgigRiISYo A Whe of
description of the disclosed enbodi ments is provided to enable any person
ski | | ed i dhesecapd soyreaskdhertinisg afibepessivad sighalniseshio vdjuisbthe reference
nmodi fi cat i, QF . [ o adi Ly apparent to those
skilled i rp%{ﬂi%aﬁgégsﬁg'ﬁﬁ@egene(ﬁli'%{%%rrle%g?'foq%e%hgefi ned herein may be
applied 'to other enyydchmnizing wididiealto depesfeiongeffoptmtdiaissn.it or scope of
the invention. Thus, the present invention is not intended to be limted
to the enbodi ments shown herein but is to be accorded the w dest scope

i i h i ncipl . | f i scl .herei 4
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signal from the first source is no longer being received.

3. The method of claim 2 wherein the adjustment of the reference
comprises using the timing of the synchronized signal to determine the reference
after the received signal from the first source is no longer being received.

4, The method of claim 1 wherein the received signal from the first source
comprises a frame, and the unadjusted reference corresponds to the start of the
frame.

5. The method of claim 4 wherein the received signals from the second
sources each comprises a frame, and the adjusted reference corresponds to the
start of the frame for said one of the second sources which is closest in time to the

unadjusted reference.

6. The method of claim 5 wherein the synchronized signal is transmitted

after the reference.



WO 03/043229 PCT/ US02/35879 16 CLAIM5 1. A nethod of communicati ons,
conprising: establishing a reference corresponding to the timng of a
recei ved weiognad22d rom a first source; determning the tinipeg/dsez/3ssah
received signal froma plurality of second sources; adjusting the
reference to the timng of the received signal fromone of the second
sources, the timng of the received si gné? used to adjust the reference
being closest in time to the unadjusted reference; and synchronizing a
signal to the reference for transmssion. 2. The nethod of claim1l wherein
the reference is adjusted after the signal fromthe first source is no

| onger being received. 3. The nethod of claim2 wherein the adjustnent of

t he reference onpri | Ny alep t C ized signal to
determine the r7gf er Jnﬁﬁeg?dtde]?f %lﬁgnﬁe@%'erg{h& %ﬁgﬁ%@%@ﬁ@ﬁ@m |t$%ﬂr§(§8%@ i's
no | onger doBiprisesea gilurtity 4f riblépatt hnﬂ/aw,fmcauwne?eiémﬁﬁeIuhaﬂj&@téf@ﬁﬂe}'&%e
signal frgmthe first, source conprises a frame, and the unadjuste .
re?erence C?Brlelsgg'ﬂ%% tt}eﬁ?ﬁ@u&pﬁ?ﬁafﬂv HeliMer ame. 5. The method of claim 4
wherein the received signals fromthe second sources each conprises a
frame, and the adjusted reference corresponds to the start of the frane

for said one ofg.t he TsecarRthsP of CREMWN ivitterbin ﬁﬂeol%‘b%ﬁveidnsiphaﬁ #Omt i second

unadj usted reference. 6. The nethod of claim5 wherein e synchronlnzed
Si gnJaI i s SPHEGRSnPIGTegomprises & pbiralily cafemulipathDand/ais) 3R WHETEISDR/ 35i8ERd 17

7. The nmethad e %@ééﬁo%dmgrtﬁé '?irétq’ﬁul'iisgf?li é/r?i(\j/aﬁéfgsna% ofnreocr;P thgesefciogl tSOlsJ?CuerSce

which is closest in time to the unadjusted reference.

9. The method of claim 8 wherein the received signals from the first and
second sources each comprises a frame, and wherein the unadjusted reference .
corresponds to the start of the frame for the first multipath arrival of the received
signal from the first source, and the adjusted reference corresponds to the start of
the frame for the first multipath arrival for said one of the second sources which is
closest in time to the unadjusted reference.

10.  The method of claim 9 wherein the synchronized signal is transmitted
after the reference.

11. The method of claim 9 wherein the received signals from the first and
second sources each comprises a pilot signal, the method further comprising
determining the timing of the muitipath arrivals from the first and second sources
using their respective pilot signals, and using the determined timing to demodulate
the received signals from the first and second sources, wherein the adjustment of the
reference comprises using the timing of the multipath arrivals to identify the first

multipath arrival of said one of the second sources which is closest in time to the
unadjusted reference.

12. An apparatus, comprising:



conprises a plurality of nmultipath arrivals, and wherein the unadjusted
reference corresponds to the first nultipath arrival in tinme. 8. The

met hod ofwoloaioma2Z9 wherein the received signals fromthe seceon02/3380e ces
each conprises a plurality of nultipath arrivals, and wherein the adjusted
reference corresponds to the first multipath arrival of said one of the
second sources which is closest in time18o the unadj usted reference. 9.
The nethod of claim8 wherein the received signals fromthe first and
second sources each 2@gar¢harscenfiguse to eafablisbr ai refereacancatjaspbading to the

f g f the f f he. fi I ti
rrvar of Y SERRGNR Sobalioh P fiet ebf, oRERIChe dhina he calh medied
ref er ence ggnaleeandpldralitynef sécdrid sburckbeadjuaithd esfetdid td fHe %ﬁﬁ%@fgﬂé{ o

arrival for said one of the second sources vwhich is closest in ti
unadj ust edefFaivefetigral from gne afdhagecond saree thieetining ohthes yeasivesh isigedl

i [ i ), L . 1 had of, cl.ai 9
wharel n ¢ ASRERIMULEE 0 HorBleddBChERRAIERSE in e 1¢Thd B8 fishic, Erdieh? and
conpri ses synphtartizes agigrial td ke refetepde ffor frévesmiseidpr i sing  determining the

timng of the multipath arrivals fromthe first and second sources using
their respective pilot signals, and using the determned timng to

denodul ate the, yecelved signals_from first and ,second sources, wherein
the adjustment of th e_?BP@_%H%Q‘C@WJQ&”Wi?@“P'ﬂ%”giﬁﬁ%“ﬁ qonégured to
mul ti pat h rgesiveahs s\lg’?_aléjﬁﬁﬁiﬂé fir8Carld §6dond3turk@at h arrival of said one of
t he second sources ichis closest intinme to the wunadjusted reference.
12. An apparatus, conprising: WO 03/043229 PCT/ US02/ 35879 18 a searcher
configured to establish a reference corresponding to the timng of a

recei ved si gnall4romhe pPpakates of elaimgt? &ieherccamprisingianfansmitexaonfiguesdsed
signal fr i urces, adjust the reference to the
timng ofqgﬁ%ngb@@@%f%ﬁcgﬁgﬁgﬁpgggﬁﬁone of the second sources, the timng
of the received signa

e

15.  The apparatus of claim 14 wherein the synchronized signal is
- transmitted after the reference.

16.  The apparatus of claim 15 wherein the searcher further comprises an
offset generator configured to generate a trigger delayed in time from the reference,
the trigger being used to transmit the synchronized signal.

17.  The apparatus of claim 16 wherein the transmitter further comprises a

. data buffer configured to store the synchronized signal, the data buffer being

configured to release the synchronized signal for transmission in response to the
trigger.

18.  The apparatus of claim 12 wherein searcher is further configured to

adjust the reference after the signal from the first source is no longer being received.

19.  The apparatus of claim 18 wherein the searcher is further configured to
determine the adjustment of the reference from the timing of the synchronized signal

after the received signal from the first source is no longer being received.



used to adjust the reference being closest in time to the unadjusted
reference and synchronize a signal to the reference for transm ssion. 13.
The apparwous/oef22¢| ai m 12 further conprising a receiver c@®ofTigpor/as7e o
receive the signals fromthe first and second sources. 14. The apparatus of
claim12 further conprising a transmtter configured to transmt the
synchroni zed signal. 15. The apparatus ofl9cl ai m 14 wherein the synchroni zed
signal is transmtted after the reference. 16. The apparatus of claim 15
wher ei n t he seat&GherTheiapperates mirdlaios 12nwhefeis dhe geoeived migred rifarguhedirsb

doed o troain? CEmBRGE v dhd; DRATSNT " FRERARR. oo et Brdol

wher ei n t hestablRhstibireRIrehed tebrrepERid §igis tht statat theFlbate.configured to
store the synchroni zed signal, the data buffer being configured to rel ease

t he synchroni zed' signal for transm ssion in response to the trigger. 18.
The appar at us gkcl L m 12 wherein searcher is further configured to adjust
-er

the reference he apngRaiust obslaime 2Pi wherejguthee receivesl [signgals fremnthe
recei ved. T, [ er el . C | s fur

confi gurec?et%gngetggwr%neﬁgét Héscg J%rgsl'te%er%]t ﬁ%wg?héeﬁc! gy%%h@gﬁ%r%%rgh% t'stilrﬁhﬂgé%f
t he synchraonifigacdsiog raaljustdhe eeferdrce tcedvesparidgwith the start betHd frainesfovisar] i S
no | onger bei received. WO 03/.043229 PCT/US02/35879 19 20. The apparat us
of claim ﬁﬁpﬁﬁ?cf’ﬂ SPUECESWRICR 1% FIQpestiB ime o erwadiugiad ceferenfs: i ses a
frame, and wherein the searcher is further configured to establish the
reference to correspond with the start of the frame. 21. The apparatus of

cl aim 20 vmereiznz.therrreeaﬁbm@u@o@wim fipahélem (9€FORSVEP SRS fRAR he first
conprises a franme, and erein the searcher is further configured to

adj ust t hSOMEFRFRIMPESED aduviadibpRiauliipeth eryals, and wiereitethier seascheris faitiier
one of theRRGaRY RPULEBRHNE ForbRntedd ctrddpohb it thd Afst HAThAR Sival in

ref er ence.
time.

23. The apparatus of claim 22 wherein the received signals from the
second sources each comprises a plurality of multipath arrivals, and wherein the
searcher is further configured to adjust the reference to correspond with the first
multipath arrival of said one of the second sources which is closest in time to the

unadjusted reference.

24.  The apparatus of claim 23 wherein the received signals from the first
and second sources each comprises a frame, and wherein the searcher is further
configured to establish the reference to correspond with the start of the frame for the
first multipath arrival of the received signal from the first source, and to adjust the
reference to correspond to the start of the frame for the first multipath arrival for said

one of the second sources which is closest in time to the unadjusted reference.

25.  The apparatus of claim 23 wherein the received signals from the first
‘and second sources each comprises a pilot signal, and wherein the searcher is
further configured to determine the timing of the multipath arrivals from the first and

second sources using their respective pilot signals, the apparatus further comprising



22. The apparatus of claim 12 wherein the received signal fromthe first
source conprises a plurality of nultipath arrivals, and wherein the

sear cher we oBios2ber configured to establish the referencecrasopsisespond
with the first nmultipath arrival in tinme. 23. The apparatus of claim 22
wherein the received signals fromthe second sources each conprises a
plurality of nultipath arrivals, and wheféin the searcher is further

configured to adjust the reference to correspond with the first nultipath
arrival of2 gmedsiatopicopfiguresc khdesmeulale the cecaivedtisignals framttheefitsh arie

dj ust 24.. Th t J 3_wh ip.th ived
oronal o £ rSESpECSaEes “tsind "ELIRANG HF B FUMIAG AMNEIS dbioiEngS Bkt
wher ei n t Iseasaiercand wherdinthdeearohenis Guthed coafigrbahb idelerniife tisd BHRRERSHO

correspond _with the start of the frane for the first nultipath arrival of
the recei \P@%% fﬂﬁ%ﬂ”cﬁr%gﬁqlﬁ’é’ ysing thesdefiesminashiiming eidhasoultipath ardvakferssid o
correspon t f : t: | I ival for
sai d One@gkcqfﬁﬂégégﬁrﬁ%S(g%rgrhg&ﬁl%ﬁﬂ&?@stéﬁgg@s{o I ﬁmam&ﬁq%@{%k%m%dj ust ed
reference. 25. The apparatus of claim23 wherein the received signals from
the first and second sources each conprises a pilot signal, and wherein

t he searcher i £6.fuiGareputesréadabledmediaeeabtdying he pragrag obf tihstructions

mul ti path i s, fromthe first and, secpnd sources, using thejr .
respect i vé&%{"lr'%ﬁlespgn ISOMRLIaT proaray (Q Rqﬁ){%? OSHG OF TR BiISAHARS e
PCT/ USO2/ 3%8R8d cadthpisitgyyodul at or configured to denodul ate the received

signals fromthe first and second sources using the timng of the
nul tipath arrival s @&tablighingdabieferpaceseanrespandingdovither §ming rf 3 ermcelved | s

further c i : ine the adjustnent of the reference signal by
usi ng the@%a%ﬁ?ﬂﬁﬂg@%t%%hﬁ%é?of the nultipath arrival for said one of the

second sources whi cheterniningetie timing rfer teachheedenast widredl fr&heaepkPalitd bof
Conput er -r eadabl e nmedi a enbodyi ng a program of instructions executable by
a conmput ePCHYYYPANCES: perform a net hod of communi cations, the method

conpri si ng: adjusting the reference to the timing of the received signal from one of
the second sources, the timing of the received signal used to adjust the reference
being closest in time to the unadjusted reference; and

synchronizing a signal to the reference for transmission.

27. The computer-readable media of claim 26 wherein the reference is

adjusted after the signal from the first source is no longer being received.

28.  The computer-readable media of claim 27 wherein the adjustment of
the reference comprises using the timing of the synchronized signal to determine the

reference after the received signal from the first source is no longer being received.

29.  The computer-readable media of claim 26 wherein the received signal
from the first source comprises a frame, and the unadjusted reference corresponds

to the start of the frame.

30.  The computer-readable media of claim 29 wherein the received signals

from the second sources each comprises a frame, and the adjusted reference



establishing a reference corresponding to the timng of a received signal
froma first source; determning the timng for each received signal froma
pl ural i t ywofo3/ogxeond sources; adjusting the reference to trha/usomrdisg of the
recei ved signal fromone of the second sources, the timng of the received
signal used to adjust the reference being closest in tinme to the

unadj usted reference; and synchroni zi ng alsi gnal to the reference for
transm ssion. 27. The conputer-readabl e nmedia of claim 26 wherein the

r ef er ence cpgespadsstethestast of e diagnefor saith ange of ithe sesond seureesnwhichniger

adj ust monbospot g by AR SRR BRIERGE, 15" R timi ng of the Synchr oni zed

signal to determne the reference after the received signal fromthe first
source is no longer being received. 29. The conputer-readabl e nmedi a of

cl aim 26 where3n. t h#heesmhpe@rsegiuile Mediendfiotaif 26 twisareircthecmrpiviesiesigaal
frame, and the unadjusted reference corresponds .to the séart of the frane.

30. The cHepuile firelhaauice rRAPHSS$ & PHrAlityool AHRath: EVAlse Ande WhergRaine
fromthe i : ; agdiusted reference
W0 05/ 043395 EBRED RRCE e BORES R theirgt ATMinR AP rtied| 00 el Brons

said one of the second sources which is <closest in tinme to the unadjusted
reference. 31. The conputer-readable nedia of claim26 wherein the received

signal fromtR&.fi The cuopuler-seanatie swedia of glaimi 3y wherainithe peasived signalss,

arrival i i dge BN SoBkeAsteBr R GauERReS SEMaRb” of dfnlieR At s End
recei ved sitghgihsthefddjisibtiacfnents! cEAEESOTILREthec P MiBSath drtivaladfi $aid ohe
mul ti path arrivals, and wherein the adjusted reference corresponds to the

first nul of e secand saurces whighds sieseshin time tedbe Haadivstaceefomnen. i s cl osest
in time to the unadjusted reference.

33. The computer-readable media of claim 32 wherein the received signals
from the first and second sources each comprises a frame, and wherein the
unadjusted reference corresponds to the start of the frame for the first multipath
arrival of the received signal from the first source, and the adjusted reference
corresponds to the start of the frame for the first multipath arrival for said one of the

second sources which is closest in time {o the unadjusted reference.

34. The computer-readable media of claim 32 wherein the received signals
from the first and second sources each comprises a pilot signal, the method further
comprising determining the timing of the multipath arrivals from the first and second
sources using their respective pilot signals, and using the determined timing to
demodulate the received signals from the first and second sources, wherein the
adjustment of the reference comprises using the timing of the multipath arrivals to
identify the first multipath arrival of said one of the second sources which is closest in

time to the unadjusted reference.

35. An apparatus, comprising:
reference means for establishing a reference corresponding to the

timing of a received signal from a first source;



33. The conputer-readable nedia of claim32 wherein the received signals
fromthe first and second sources each conprises a franme, and wherein the
unadj ust eaoroafognence corresponds to the start of the franecirarsor/bss7dirst
multipath arrival of the received signal fromthe first source, and the
adj usted reference corresponds to the ségrt of the frame for the first
multipath arrival for said one of the ond sources which is closest in
time to the unadjusted reference. 34. The conmputer-readable nedia of claim
32 wherein the recei VEaANS; 9rAaterminiig the timing: faineach gentivedusigeal dmon a
conpri ses I met hod further conprising determning the
timng of ‘?H%“hrrﬁéi?qép%hﬂ Sarl{r?%dl s fromthe first and second sources using

their respective pi Iaﬁjuslrr@mﬂl seaasdfonsadjgstirte thetreferened tol A GintiRg of the
denodul at e _t he (I‘jECEI ngd Iﬁg Lr omt hg first and second sources, wher ein
the adj usERENPI GHIRTomDs é %cﬁ?ﬁpr‘ SOUieeH dheHimingnehheoreastived sngnal

mul ti pat h @gelaltbae{@ugt({he'rgfl%géﬁcf bénH dsre§{ m”ﬁ’rjn{a'tg @uﬁé@%@&%ﬁeré@%@ron

t he second sources o oses e un

35. An apparatus, cdnpans forg:yncbrfoemzmga smaeﬂsto thos refete&nl@blfshtramwsléﬁfrﬁr ence
corresponding to the timng of a received signal froma first source; WO
03/ 043229 PCT/ US02/ 35879 22 neans for determning the timng for each
received signal froma plurality of second sources; adjustnent neans for
adjusting the reference to the timng of the received signal fromone of
the second sources, the timng of the received signal wused to adjust the
reference being closest in time to the unadjusted reference; and neans for

synchroni zi ng 36si gridle apparatus edfe claime35 ofurtheansomssEing . mébns THE reBsint us
of claim 35 f trhertc I Si (gns for receiving signals fromthe first
and second @i HE the1r éI?‘l‘éd %ﬁ%ﬂ $R4CB$- cl ai m 35 further conprising

transm ssion neans for transmtting the synchronized signal.
37.  The apparatus of claim 35 further comprising transmission means for
transmitting the synchronized signal.

38.  The apparatus of claim 35 further comprising transmission means for
transmitting the synchronized signal after the reference.

39.  The apparatus of claim 38 further comprising means for generating a
trigger offset in time from the reference, the trigger being used by the transmission
means to transmit the synchronized signal.

40. The apparatus of claim 39 wherein the transmission means further
comprises buffer means to store the synchronized signal, the buffer means being
configured to release the synchronized signal for transmission in response to the
trigger.

41.  The apparatus of claim 35 wherein the adjustment means adjusts the

reference after the signal from the first source is no longer being received.



38. The apparatus of claim35 further conprising transm ssion nmeans for
transmtting the synchroni zed signal after the reference. 39. The apparatus
of cl ai m® Bou2ber conprising nmeans for generating a tripggarsopsfsget in
time fromthe reference, the trigger being used by the transm ssion neans
to transmt the synchroni zed signal. 40. él'he apparatus of claim39 wherein
the transm ssion neans further corrpriseg buffer neans to store the
synchroni zed signal,_the buffer means being configured to release the
synchroni zed si‘%nal Fhe appalisdys akelaimdd adidgiorens neeanshiurther icgprised nedire

appar at us 3 ' | justs the referenc
Frer the o detming O HdflmbRE of e RrdR Lol AN L RG Yy aB8 vbBh e
03/ 043229 SREE HESPHR5ALRivedBsidRal fidre tiae first 8bUfcedt e I@h?éﬂﬂeiﬂ re8éigsat means
further conprises neans for determning the adjustnent of the reference

fromthe timng of the synchronized signal after the received signal from
the first sourcg is-no lon i ved. . 43. The apparatus of claim 35

er being.re |
wherein the recerved aﬂagrqi'r'%ﬁlftc?%m ggs“ﬁ’he@ﬁhiﬂl‘% r%‘?ﬁ%?‘i)%aé franathe fipld
wher ei n t Reur®s &JophsiisdEeansrapsd, 2Bhé SBerdiiethe’ &{%e r IHh
the start of the franme. 44. T_he’ appar at leﬁopec?éa@r’rn4 \mg?'gsf)nés?%@%ﬁg%gh\?ed
si gnal s f referemee toseayeerponduwitietheestart aféhefriases a frane, and wherein the
adj ust mrent means adjusts the reference to correspond with the start of the
frame for said one of the second sources which is closest intine to the

unadj ust ed ref gyences, 4 P L US4 Qf I wherein the received
signal fromt thf i r?j[he gggrggégu%o&ng?%i@sd'g ‘ﬁﬁ%'raeéﬁ tﬁg Eﬁceﬂ?{ﬂc{”smﬁ EFWV'E‘F’S,
and wher eisecohe soefoeseanh compriseses frabid, sheswitdrein Bleei@send re@iNELaM08E
with the fjrst rruItiPath arrival in time. 46. The apparatus of clai m45

wher ei n t 1€ FefEEPRASI S COHEPRONT With: the StaB@fniresamesior saich opergfitheeseaend
plural ity sgfirdBdl\ihiBRidcREESYR Fne fcﬂg\e}’@ﬁcﬁﬁﬁe{l tf'&fen%ﬂé'e“St ment means adj usts

the reference to correspond with mul' trpath, "arrival

45.  The apparatus of claim 35 wherein the received signal from the first
source comprises a plurality of multipath arrivals, and wherein the reference means

establishes the reference to correspond with the first multipath arrival in time.

46. The apparatus of claim 45 wherein the received signals from the
second sources each comprises a plurality of multipath arrivals, and wherein the
adjustment means adjusts the reference to correspond with the first multipath arrival
of said one of the second sources which is closest in time to the unadjusted
reference.

47.  The apparatus of claim 46 wherein the received signals from the first
and second sources each comprises a frame, and wherein the reference means
establishes the reference to correspond with the start of the frame for the first
multipath arrival of the received signal from the first source, and adjusts the
reference to correspond to the start of the frame for the first multipath arrival for said

one of the second sources which is closest in time to the unadjusted reference.

48.  The apparatus of claim 46 wherein the received signals from the first



of said one of the second sources which is closest in tinme to the

unadj usted reference. 47. The apparatus of claim46 wherein the received
signal s fwomsihe29irst and second sources each conpri ses paTfusamsss7and
wherein the reference neans establishes the reference to correspond with
the start of the frame for the first nultipath arrival of the received
signal fromthe first source, and adj us€4 the reference to correspond to
the start of the frame for the first nultipath arrival for said one of the
second soandescatd shurices dacheximpriseasi anpilobsighal, tieappstatds futhar aoreprisisy
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of the nultipath arrivals fromthe first and second sources using their
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sources which is closest in time to the unadjusted reference.
closest in time to the unadjusted reference.



