WD 03/ 063385 PCT/ US03/ 01542 1 SELECTI VE COVBI NI NG OF MULTI PLE NON\-
SYNCHRONOUS TRANSM SSIONS I N A WRELESS COVWUNI CATI ON SYSTEM BACKGROUND

Fi el d [ 100dJo3/0bs3spr esent invention relates generally to daca/usosrmsat cati on,
and nore specifically to techniques for selectively conbining nmultiple
non-synchronous transm ssions fromnultiple signal sources (e.g., base
stations) in a wireless (e.g., CDMA) cqmuni cati on system Background

[ 1002] Wrel ess communication systens are widely deployed to provide
various types of conmmunication such as v0| ce and acket data services for
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systens may provide certaCnO s of system

i ncluding increased system capacity. A CDVA systemis typically designed
to conformto one or nore standards, such as |IS-95, cdnma2000, and W CDVA
standards, which are known in t hé6BAGK&GROUWND por at ed herein by reference.
[ 1003] A CDVA system nmay be operated to support voice and data

comuni cat Féeld During a comuni cation session (e.g., a voice call), a
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idle, the (g5 ive signals fromthe base stations in the
active set ar%\g‘lﬁz% ﬁm%@gs)r grl?atl ons for other types of transm ssion such
as, for exanple, pllots pages, broadcast nessages, and so on. [1004] For
sone CDVA stem; & a WCDMVA systen), the base stations are not
required t B'ég'iﬂ?b‘g ated synchronously. Wen operated asynchronously, froma
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the reference
types of communication such as voice and packet data services for a number of users.

These systems may be based on code division multiple access (CDMA), time division
multiple access (TDMA), frequency division multiple access (FDMA), 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 that are placed in an “active set” of the
terminal. While in soft handoff (or soft handover), the terminal concurrently
communicates with multiple base stations, which can provide diversity against
deleterious path effects such as fading and multipath. While in active communication or
idle, the terminal may also receive signals from the base stations in the active set and/or
other base stations for other types of transmission such as, for example, pilots, pages,
broadcast messages, and so on.

[1004] For some CDMA systems (e.g., a W-CDMA system), the base stations are
not required to be operated synchronously. When operated asynchronously, from a

terminal’s perspective, the timing of the base stations is not aligned, and the reference



WD 03/ 063385 PCT/ US03/01542 2 tinme for each base station is different from
that of other base stations. In this case, simlarly formatted nessages
transm t two oBoessssul t i pl e asynchronous base stations are PTkesyotsa2 be
received at different tinmes at the termnal. Mreover, even if the base
stations are operated synchronously, simlarly formatted nessages nmay be
transmtted to the termnal fromnultipl e base stations at different tines
(e.g., due to queuing delay, loadings, and so on). In this case, fromthe
termnal's perspective, the transm ssions are nly "approxi nat el
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the synbols for nultiple signal instances (or nultipaths), prior to the
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recover ed gearfiiee. fLOM ARY, 3,00, 6, LEGELNE ol FRNSPLoSI on. then it may be
necessary to-“comblne nurtyple recelve ransm ssions®in such a nanner that

t he messag¢1608) belfriRe etmied redeivas -simidardy fdrifGitd hiesages $ronh enddigle €nanneed
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error-free. The ability to sel.ectively and, properly conbine nmultiple
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thus lower interference to other users in a CDMA conmuni cation systen),
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transmission, then it may be necessary to combine multiple received transmissions in
such a manner that the message can be recovered error-free.
[1006] There is therefore a need in the art for techniques to selectively combine
multiple non-synchronous transmissions from multiple signal sources to correctly

recover transmitted messages.

SUMMARY

[1007] Techniques are provided herein for selectively combining multiple non-
synchronous transmissions targeted to a given receiver unit (e.g., a terminal) to recover
transmitted messages error-free. The ability to selectively and properly combine
multiple non-synchronous transmissions may allow for improved receiver performance
(e.g., lower frame error rate (FER)), lower transmission power levels (and thus lower -
interference to other users in a CDMA communication system), and possibly other
benefits.

[1008] In a specific embodiment, a method is provided for selectively combining a
number of non-synchronous transmissions at a receiver unit to recover a desired

message comprised of a number of frames. These transmissions may be forward link



message conprised of a nunber of franmes. These transm ssions may be forward
i nk WD 03/ 063385 PCT/US03/01542 3 transm ssions froma nunber of base
stati ons wWp 0a/0€3BA conmmuni cati on system The desired nes®agaSonyishe a page
nmessage, a broadcast nessage, or sone other type of nessage. The desired
nmessage is previously coded with a forward error detection (FED) code,
such as a cyclic redundancy check (CRC)3code, at both the frame |evel and

t he nessage | evel and sent on the forward link transm ssions fromnmultiple

signal sources (i.e., transmtter upits).to receiver unit. [1009]
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transm ssion for an erased frane, then synbols for two or nore .
transm ssi BARSTEgYQRAEIReN Agfermained k-2 based onrasat of (RC Bits ansusied avithheagh

decodeo, L gl 1WA My Wy S FR1Ep gl o o5 s
transm ssi fd0RNd @ sremprnainitgnddmedsegarmse thehrtenfermed; wieh eshiebmbiheldn a
23;%?2! a[ H@gsiaggr%tgﬂg}ir?gr 21 d?f?gerﬂzisgte gf go%dt rz?mésasrlllf)lstri]t%tir?g f(;[rhtﬁe era?er}isgparigsl. ofps- For
frame-level timing is known, then one combined message may be formed by
substituting each erased frame in the message recovered from the primary transmission
with a corresponding good frame from one of the other transmissions. And if frame-
level timing is not known, then various combinations of good frames may be tried for
the erased frames. Each combined message is checked (e.g., based on the CRC bits
included with the message) to determine whether it is good or erased.
[1011] If a good frame cannot be derived from a single transmission for an erased
frame, then symbols for two or more transmissions corresponding to the erased frame
may be combined and decoded to derive the good frame for the erased frame. The
transmissions may be ranked (e.g., based on the pilot E./ly), and the symbols from these
transmissions and corresponding to the erased frame may be combined in a particular
order determined based on the ranking of the transmissions. For example, the symbols
from the two highest ranking transmissions may be combined fisst and decoded, then

the symbol from the third highest ranking transmission may be combined next if a good

frame cannot be derived from the first two transmissions, and so on. The symbols from



fromthe two highest ranking transm ssions nmay be conbined first and
decoded, then the synbol fromthe third highest ranking transm ssion nmay
be conbi /w0 mvesa3s8sf a good frane cannot be derived from g/ USNs/6t541 WO
transm ssions, and so on. The synbols from WD 03/ 063385 PCT/ US03/ 01542 4
mul tiple transm ssions may al so be weighted (e.g., based on the pil ot
E,/1o) prior to being conbined. [1012] 4Various aspects and enbodi nents of
the invention are described in further detail below The invention further

provi des net hods, receiver units, termnals, st.ens, pr.ogr pr oduct s,
and ot her BMHHQIGEYEISHARS By Ak & t"‘ﬁ’é&ht‘?‘:,r%i'%ng o\l filot Fsflalcerior 1
enbodi ment geinaRembsagures of the invention, as described in further detail

bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [1013] The features, nature, and
advant ages[1¥12} he Yarasiespdctsvat ¢robodiinents [pé dherenventore argplsaerehed ififortherhe
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t hr oughout saRgnVpesg@hm prodiisd hnd-birer dppafatidses aA@ eRMefs tRatWipRINRHS various

mul ti pl e-access communication systemthat supports a nunber of users;

[ 1015] FI Gaspectss embpdishtsdiaad rfagtriss ofnthenipyentinmntas glesgribedamsfurtheedetai ¢ f or
a base stgéli on; [1016] FIG 3 is a block diagram of an enbodi nent of a
receiver unft for a terminal; [1017] FIGS. 4A and 4B are di agrans
illustrating two systemconfigurations in which three base stations are

operat ed synchronously and asynchronously, respectively: 1018] FIG 5 is
a flow di agram of anmimEéCBlPIIQNQEsTH£ mmgmssage from
multiple received {rapsm ssions; 019] FI GS. and 7 are flow.dj agranms of
Pwo. enbodi RSk or e ke a8 ahd GHiiess of B srtdRvseD P ebERER ved
transm ssi giage hhakdf oA tHe dRedilell AebptioR $8@@Eth befvdl whaR 2dkkn b GonjBndtiona f | ow
di agram of an enbodi nent of a process for conbining synbols frommultiple

recei ved t waths thes slrawings oinr educterlike peferenee| ehrardotessreidentifig T Apirgspomiisgizl PTI ON

throughout and wherein:

[1014] FIG. 1 is a diagram of a wireless multiple-access communication system that
supports a number of users;

[1015] FIG. 2 is a block diagram of an embodiment of a transmitter unit for a base
station;

[1016] FIG. 3 is a block diagram of an embodiment of a receiver unit for a terminal;
[1017] FIGS. 4A and 4B are diagrams illustrating two system configurations in
which three base stations are operated synchronously and asynchronously, respectively;
[1018] FIG. 5 is a flow diagram of an embodiment of a process to recover a
message from multiple received transmissions;

[1019] FIGS. 6 and 7 are flow diagrams of two embodiments of a process for
combining frames from multiple received transmissions to recover a particular message;
and

[1020] FIG. 8 is a flow diagram of an embodiment of a process for combining

symbols from multiple received transmissions to recover a particular frame.

DETAILED DESCRIPTION
[1021] FIG. 1 is a diagram of a wireless multiple-access communication system 100
that supports a number of users. System 100 includes a number of base stations 104

that provide coverage for a number of geographic regions 102. A base station may also



[1021] FIG 1 is a diagramof a wreless nmultiple-access conmuni cation
system 100 that supports a nunber of users. System 100 includes a nunber
of base swetmBoass104 that provi de coverage for a nunber etCTgsogjoEphi c
regions 102. A base station may al so WO 03/063385 PCT/ US03/ 01542 5 be
referred to as a base transceiver system (BTS), an access point, a UTRAN,
or sonme other termnology. The base station and/or its coverage area are
al so often referred to as a cell. System 100 nay be desi gned to inpl ement
one or tandards, such as IS

ma?2 S- 856 and
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di spersed bb{e Hl%iogghqhe%&§§£ﬂonldﬁd% e Baghd®nta a@%la 6f@h%feﬁ&dék% may
comruni cat e one nore base stations 104 on the forward |ink and/or

reverse |i ak;ekit Sgsigmdi0Pemaynesrdesigned ép enplemgniome astieerhdIDMA standardsesucér ni nal
is active an r not it LS Lp a re adequate forward link
si gnal quaff @w%&m B F\b(g)r'nﬁ'é;@'eangtgt atﬁgdaf 4. The forward |ink
(i.e., dowpigank) rAs ehswid 9n mgnamvaﬁb@ntehhmmst hes brseispdradd MRodgholihthe

term nal, and the reverse |link (| .e., uplink) refers to transm SSI on from

t he term naystem frhan grabedizeal pash. tempxm@izlé)p AR GHRIMNIERfe @it ong orRege baseat i on
1042, Ur ans iy, lid UGB Ghrblaf R LAUG: oL iy oL 5110 18l o 0fe gerkffhe hOSC.

and 106i on ase station sp cific
traffic dawhether beﬁcﬁﬂ thalte‘rml]ﬁlﬁds adtB@eand MiGdftheramchol @6k in ancrdaasith atlajuaten 104c

transmts user-s eC|f|ctraff|c data to term nals 106 106 n
106k. Thes&raet b kg sigapk quality Fioahmose Hie %ﬂeebasmraelaf%g% Qﬁﬁefog‘tﬂljpd“&. nes
between t hg. ?@wrﬁfr@(z é@f'glzs m%ﬁ?r&h‘gssﬁrﬁfm%lesbasgs%(mttgrtm: éhindiNadd EheSySt €M

may receiv ots a Icated signaling, but no user-specific
traffic daira/erseamkm & suping) reffero o trmsnbam;l fsomattheotesminakto thé\bama stayionhe das hed
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of these teérmlmd $0GR0NO6Y, '108Y | dd mlo\ﬂﬁtﬁe dabard [ SHH:E $1a068 164totfhmﬂ1tsl ple
base stations. The reverse |ink communication is not shown in FIG 1 for
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term nal cgpavimd ﬁﬂtsaﬁssmmar@mwcmdwthe solid idstthwaen"tialbast'staids usdchewhen a
termnal is in active communication and assigned a_ traffic channel In an
enbodi ment tereurdis. 1 EMhTHEMMINAkLInhe sysginsmay éepewet Pilqth @nd \commenydgdicated

signaling, but no user-specific traffic data transmissions, from the base stations, as
shown by the dashed lines between the base stations and these terminals. Terminals
106d and 106h are in overlapping coverage from more than one base stations, and each
of these terminals concurrently receives data transmissions from multiple base stations.
The reverse link communication is not shown in FIG. 1 for simplicity.

[1024] Each terminal that has registered with the system and is in active
communication may be associated with an “active set” that includes a list of one or
more active base stations with which the terminal communicates. The active set is
typically “valid” and used when a terminal is in active communication and assigned a
traffic channel. In an embodiment, each terminal that has registered with the system but
is not in active communication may be associated with an “virtual active set” that
includes a list of one or more “virtually active” base stations with which the terminal
may communicate. One base station in the virtual active set is typically designated as
the reference base station, and various system parameters (€.g., timing) are referenced

with respect to this base station. For example, the terminal may designate the base



is not in active comunication nmay be associated with an "virtual active
set" that includes a list of one or nore "virtually active" base stations
wi t h whi cwotohmeei3es m nal may comruni cate. One base st ati omcCirruspdreisyi rt ual
active set is typically designated as the reference base station, and
vari ous system paraneters (e.g., timng) are referenced wth respect to
this base station. For exanple, the terginal nmay designate the base WO
03/ 063385 PCT/ US03/01542 6 station with the strongest received signal as

t he reference bas tation, or the sysfem, nay indicate which is the
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specific traffic data and/or dedi cated nessages (e.g., pages) to the
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traffic dagm reEHiRDHf MRSSAGBRSssichedi cat ed nmessages, and so on. A conmon
nmessage is one that may be received by all termnals in the system such
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commonly transmtted in wrel ess cquunl ation systens such as CDVA
systems. 1058} Mgy B revelved Py pflaeR e gagﬂrLﬁﬁnszs&teranﬁvueh%aibma%fmasage- A
transm ttey.4pitd #8&aEOSs he BASE tikALd 2 LQ2ific¥ahfA, 180G SUPPYelBesald OUS
types of data transm Ssions such as traffic data (e.g., voice and packet

data), si goahkiusg-gpecific copaglemessagadEarstlarityndomeaspests andeszshogengnts ahtheso on.
The data to be.transmtted.is ipitially. .processed a _hi gher i.gnal i ng
| ayer (e.gmVepin Wﬁégﬁcﬁga)begﬁydpc{r%%se#%p? hEP™ Wb%‘ié%a&e&fgaa&e%v@?lg}é f§nal i ng
| ayer (e. dcomindalyRidtSineedd ihayitidss COmERAREASEs R teimButRhedDMARMterfisli t abl e
for transm ssion” over the wireless link. [1027] On the forward |ink, at
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signaling layer (e.g., the MAC Layer) and then further processed by a lower signaling
layer (e.g., the Physical Layer) to generate a modulated signal suitable for transmission
over the wireless link.
[1027] Oﬁ the forward link, at transmitter unit 200, common and/or dedicated
messages are provided, one message at a time, from a message source to a cyclic
redundancy check (CRC) generator 212. For each message, CRC generator 212
generates a set of CRC bits (i.e., a CRC value) based on the content of the message and
a particular polynomial. These CRC bits may be used at the receiver to determine
whether or not the message was received correctly. The CRC bits are attached to the
message, and the CRC-coded message is provided to a frame formatter 214.
[1028] Frame formatter 214 segments each CRC-coded message into one or more
frames. Each frame is typically transmitted over a fixed time interval (e.g., 5, 10, or 20
msec), and the size of each frame is dependent on the data rate to be used for the

message. For an example of page messages, the frames can be transmitted at 4.8 Kbps

or 9.6 Kbps (for a cdma2000 system) and each 20 msec frame includes 96 or 192 bits,



whet her or not the nmessage was received correctly. The CRC bits are
attached to the nessage, and the CRC-coded nessage is provided to a frame
f or mat t erwdb4/06438028] Franme formatter 214 segnents each CRCTamsdydiswessage
into one or nore franmes. Each frame is typically transmtted over a fixed
time interval (e.g., 5, 10, or 20 nsec), and the size of each frane is
dependent on the data rate to be used fer the nessage. For an exanpl e of
page nessages, the franmes can be transmtted at 4.8 Kbps or 9.6 Kbps (for

a cdnma2000 s ste d ea h 20 fra | udes 96 _.or 192 bits
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codi ng schz may i nclude convol utional coding, Turbo coding, block
codi ng, er  coding, or any conbinations thereof, or no coding at all.
Typi cal | y, [10281 f | Erdate Hiddcades saheSRIRgodbe fraateid acsomignabi Wftbraqnﬁticwarherres,

and different types of nes e may, al sQ be code dlffere I
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provided to a ator 220 and ‘ther processed to generate nodul ated
data. The pocbngsmahlg prmﬂyxl Exafdillc Q%R@ amdymessagasdmay (be) codedpising tdifécrenided

bits t I t I : . 9. P SK,
Vi PSK, or SR, SR PR ARen ) oS B ORLA e Coed TTEMeY Fig cofgay
nore symboke dagh ﬁﬁh@'l@tﬁi&l]?%bﬂ@%ﬁi@d BrofvaleQimd &Ne@nyagmﬂg delegerfoxipaths Wit h
ort hogonal or pseudo-orthogonal codes (e.g., Walsh co or t hogonal

vari abl e spffeeisli ng factor (OVSF) codes, or quasi - ort hogonal functions
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sequence apficgsted té gerdige lﬁﬁﬁi@la‘i&tﬂﬂm@.n .T he processing by modulator 220 may include
(1) mapping the coded bits to symbols based on a particular modulation scheme (e.g.,
BPSK, QPSK, M-PSK, or M-QAM), (2) repeating or puncturing (i.e., deleting) zero or
more symbols to obtain the desired data rate, (3) covering the symbols with orthogonal
or pseudo-orthogonal codes (e.g., Walsh codes, orthogonal variable spreading factor
(OVSF) codes, or quasi-orthogonal functions (QOF)) to channelize the messages into
the assigned code channels (e.g., the paging channel), and (4) spreading the covered
data with a complex PN sequence assigned to the base station.
[1031] The modulated data is then provided to a transmitter (TMTR) 222 and
conditioned (e.g., converted to one or more analog signals, up-converted to a radio
frequency, amplified, filtered, and quadrature modulated) to generate a forward link
modulated signal suitable for transmission over the wireless link. The forward link
modulated signal is then transmitted via an antenna 224 to the terminals in the system.
[1032] The specific processing to be performed by encoder 218 and modulator 220
is dependent on various factors such as the type of message being processed and the
CDMA standard being implemented. Different signal processing from that described

above may also be performed and is within the scope of the invention. For example,



[ 1031] The nodul ated data is then provided to a transmtter (TMIR) 222 and
conditioned (e.g., converted to one or nore anal og signals, up-converted to
a radio Woeguexssy, anplified, filtered, and quadrature mpdultsbeds41 o
generate a forward |link nodul ated signal suitable for transm ssion over
the wireless link. The forward link nodulated signal is then transmtted
via an antenna 224 to the termnals in ghe system [1032] The specific
processing to be performed by encoder 218 and nodul ator 220 is dependent
on various factors such as the e of nessage bein cessed t he
CDMA st andaret Be A B IErENTE A E coter BAY b orbin BoeLBE GRS rodribr e
descri bed .@b0%EABY afths PeRBePBEkOrmed and is within the scope of the

i nvention. For exanple, WO 03/063385 PCT/ US03/ 01542 8 other forward error
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received tra dat nmessa r respective code channels,
(3) coher etitrleyofde rsighal anstange t teengl poavessed,d(Xadegovdrirly ther daspreed edmpidsoto t o
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de- mappi ng$HheoheiiQ! enkitkating thBUddcbvdded vl Wak 4 WeddvBredr ildSiol pRVRE Of

t he coded bits) based on a ial’tl cul ar denodul ati on schene. In general, the

processi ngdemodidaied symabals, (31 e&ccumulatipgphedenedulated synbpds far gepeatedriymbpls

nodul at or 220, 034]. A ward, | i I i .t . t m a
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reflected paths. A reflected path is created when the ,
demodulation scheme. n general, the processing by demodulator 316 is
complementary to the processing by modulator 220.

[1034] A forward link modulated signal transmitted from a particular base station
may reach the terminal via one or multiple signal paths. These signal paths may include
a straight line-of-sight path and/or reflected paths. A reflected path is created when the
transmitted signal is reflected off a reflection source and arrives at the terminal via a
different path than the line-of-sight path. The reflection sources are typically artifacts in
the environment in which the terminal is operating (e.g., buildings, trees, or some other
structures). The received signal at the terminal may thus comprise a number of signal
instances (or multipaths) from one or more base stations.

[1035] Demodulator 316 may be implemented with a rake receiver that can process
multiple signal instances in the received signal. The rake receiver includes a number of
finger processors (or simply, fingers), and each finger processor may be assigned to
process a particular multipath component from a particular base station. The
demodulated symbols from all multipaths with assigned finger processors of a particular

transmitter unit may be appropriately aligned in time via “deskew” buffers provided for



transmtted signal is reflected off a reflection source and arrives at the
termnal via a different path than the |line-of-sight path. The reflection
sources awe w3ypissal |y artifacts in the environnent in whipch/tSe®otsez m nal
is operating (e.g., buildings, trees, or sone other structures). The
received signal at the termnal may thus conprise a nunber of signal
instances (or nultipaths) fromone or ngre base stations. [1035]

Denodul ator 316 may be inplemented with a rake receiver that can process

mul tiple signal instances in the receive ignal. The rake recejver
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mul t i pat hstransniitterswiignBdniilkiplparansmissioss eresreofived fram moliipds transmatiemirtitser

unit may be appropriaiely aligned,i ime via, "deskew' buffer rovided for
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a decoder 318. [1036] Decoder 318 recejves each recovered synbol stream and
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recovered sy eam’'may I nclu einterleaving the synbols for
each franecomplaneotadatodbe wit¢deazingacinney hsed\at thy tembmiter uniompdddedecadingt o t he

i nterl eavi che used at the transmtter unit, and (2) .degodin t he
deinterl ea da%‘?rﬁgg"l'@af Wrm%é)ésc OTf F%fﬁ’e%iaﬂlea’d‘cﬁ?cd’é e w ‘f}h aad?fé’ggléi 9% Chene
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exanple, a I terbi ‘decoder or a Turbo decoder may be used if convol utional

or Turbo cddtierby, decodes mect iTudioydecpderpmpy dentsgd af comeolationak pf Tugio geding, The

dei nterl eaved synbol s i C e._estjmte f th od i .

transm ¢ ofestrveny bveipps HlhF unEE AR Bl e aFhainids Snflgs

buf fer 320camsht&d of etk teded BitLht HRCtradnitdes ahit, e deahidWraac naydsice ded
frame is provided to a CRC checker 322. 10371 CRC checker 322 checks each

decoded fr amvidsddecr symbgldufier 3B tagd stored for later use, as described below. Each
decoded frame is provided to a CRC checker 322.

[1037] CRC checker 322 checks each decoded frame based on the CRC bits
included with the frame to determine whether the frame was received correctly (i.e.,
good) or in error (i.e., erased). CRC checker 322 then provides the CRC-checked frame
to a frame assembler 324 and/or a frame buffer 326. CRC checker 322 further provides
to a controller 330 the status of each CRC-checked frame, which indicates whether the
frame is good or erased.

[1038] Frame assembler 324 assembles one or more frames for each message being
recovered and provides the message to a CRC checker 328. CRC checker 328 then
checks each message based on the CRC bits included with the message to determine
whether the message was received correctly or in error. CRC checker 328 then provides
the CRC-checked message, which represents the decoded message. CRC checker 328
further provides to controller 330 the status of each CRC-checked message, which

indicates whether the message is good or erased.



included with the franme to determ ne whether the frame was received
correctly (i.e., good) or in error (i.e., erased). CRC checker 322 then
provi des woa3@R3sthecked frame to a frane assenbl er 324 aad/umo3/eishz ane
buffer 326. CRC checker 322 further provides to a controller 330 the
status of each CRC-checked frame, which indicates whether the frane is
good or erased. [1038] Frane assenbler g4 assenbles one or nore franes for
each nessage being recovered and provides the nessage to a CRC checker
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the syste ated such that they’are all synchronized to eac
ot her, or bhepemmy suttethepthepnredasyncitonduatto ehahyothere Thes ehsheeoefoyschroneusc h
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t hi s exanpleyribé€b&lper at ed synchronously but w th non-
[1041] FIG. 4A is a diagram illustrating a system configuration in which a number
of base stations (e.g., three in this example) are operated synchronously but with non-
aligned frame start. For this configuration, the frames on the overhead channels for the
three base stations do not start at the same time but are instead offset from one another
by some (constant) values. The overhead channels are channels used to transmit
signaling or other types of information to the terminals, and typically include the paging
channel, the broadcast channel, and so on. These various types of information can be
intermittent (e.g., pages for a given terminal) or continuous (e.g., broadcast to a
terminal). The synchronization between the three base stations is denoted by the time
relationship between the overhead channel frames for these base stations being
approximately constant in time, except possibly for small fluctuations around a nominal
value. In this configuration, the frame numbers for the overhead channel frames at any
given time instance are the same for all three base stations.
[1042] FIG. 4B is a diagram illustrating a system configuration in which three base

stations are operated asynchronously. In this configuration, the base stations are not

synchronized and the time relationship between the overhead channel frames for these



aligned franme start. For this configuration, the frames on the overhead
channels for the three base stations do not start at the same tine but are
i nst ead oWbgemef3BHM one anot her by sone (constant) val ue®CTAIse3/onser head
channel s are channels used to transmt signaling or other types of
information to the termnals, and typically include the paging channel,
the broadcast channel, and so on. Thesejjvarious types of information can be
intermttent (e.g., pages for a given termnal) or continuous (e.g.,
broadcast to a termnal). The synchroni zation betmeeﬂ t he three hase
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units for content and generated in similar manner may be transmitted from multiple transmitter

units for the terminal.

[1045] When receiving transmissions from multiple transmitter units in a
synchronous configuration (such as that shown in FIG. 4A) or an asynchronous
configuration (such as that shown in FIG. 4B), the transmissions from multiple
transmitter units may not be synchronized with respect to a given underlying message.
Similarly formatted messages may be transmitted from multiple transmitter units at
different times due to various factors such as, for example, (1) different reference times
for asynchronous transmitter units, or (2) queuing delay, transmission delay, loading,
and so on, for synchronous transmitter units. Thus, the similarly formatted messages
from multiple transmitter units may be received by the terminal at different times, and
the transmitter units and their transmissions are then considered to be non-synchronous
with respect to these messages. If these messages are not time-aligned within a
requisite time window at the terminal (e.g., within the maximum deskewing capability

of the deskew buffer at the finger processors in the terminal’s rake receiver), then the



t he sane underlyi ng nessage. For exanple, nmultiple page nessages having the

sane content and generated in simlar manner nmay be transmtted from

mul ti pl e woanmedsgi er units for the termnal. [1045] \WhenPCEAsSO¥015gR

transm ssions fromnultiple transmtter units in a synchronous

configuration (such as that shown in FIG 4A) or an asynchronous

configuration (such as that shown in FI{& 4B), the transm ssions from

multiple transmtter units may not be synchronized with respect to a given
ransmtted from

underlying nessage., Simlarly fornatted .nessages | be
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conbi ned i indicasddriy ghdcipientdiett methe eresgage.o Everothodgle dati degica@d massdges Inmiyques
woul d then be needed t rocess these nessages, as. describped bel ow, [1046
The transnPs g?%hvggﬁwoﬂf R s RE oy S P A D Rges i (e Gt &.Y,[ |
broadcast ) cafdedical@dh&iRdvdifd ProceRARE eBRSS 2 AL thG ternilfall Rolld R orin t he
system The comon nessages nmay be received by all termnals in the

system Eatte idsil peicesbingntosrseapmizeghali the messhge anwmetctargetndeder fiem amd wonldl or a
specific grooup .,of termnal.s, as indicated by a recipient field in the
nmessage. E%HQ?IW&?QI?{“H] eachgﬁi cated nessages may be received by all

terminals [1047he SHEheRess®Y thal HRve REGIdd 6r VaTablRhES) anddiBssad d oreach
dedi cat ed nessage woul daprocess the nessage. Al other term nals would
perform t Feltple tframespr deerrotos the integrsy rifzeach haessaghe e agaluesmaptbe
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frames. ToQRbELinay be geniragd ifioyn ol brarhheessege by KB Genahioe 202yn BEG.
2). Then, another CRC value may be appended at the frame level for each frame of the
message (e.g., a set of CRC bits may be generated from all bits in each frame by CRC
generator 216).
[1048] A given terminal may receive one or multiple transmissions from one or
multiple transmitter units. The set of transmitter units may be identified to the terminal
at an earlier stage (e.g., when the terminal receives its overhead messages). Thereafter,
the terminal receives and processes the transmissions from these transmitter units to
receive traffic data and/or messages. These transmitter units may be included in the
terminal’s active set or virtual active set.
[1049] In an embodiment, each terminal only receives messages sent at specific
designated times or time intervals. For example, page messages are typically sent to the
terminals based on a known schedule. The terminals in the system may be divided into
a number of groups based on their unique identities, which may be the Electronic Serial
Number (ESN), the Mobile Identification Number (MIN), the International Mobile
Subscriber Identification number (IMSI), or some other identification that uniquely

identifies the terminals. Each group of terminals would then receive page messages, if



appended at the nessage | evel before the nessage is broken into franes
(e.g., a set of CRC bits may be generated fromall bits in the nessage by
CRC generwibos/o&B2 in FIG 2). Then, another CRC val ue napChasappesmied at
the frame | evel for each frane of the nessage (e.g., a set of CRC bits may
be generated fromall bits in each frame by CRC generator 216). [1048] A
given term nal may receive one or nulti@e transm ssions fromone or
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transmtter units na e sanme schedule for each groupof
t er mi nal s, sor teabh cachanmwmitteeuniini t may define and use a separ ate schedul e

for each grgup, of term | s. [1050 n_an h term provi ded
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[ 1051] As ﬁﬁtlﬁﬁsﬁﬁoﬁﬁssag&eaﬁ&ﬂ&auﬁghnﬂﬁlem mkssagfaht itemlingl &itkad ablengt h or

vari abl e

receive each transmitted message intended for it.

[1052]  An idle terminal may “sleep” between designated times to conserve battery
power, and would only need to wake up just before each designated time to process one
or more transmissions from one or more transmitter units in the active set to determine
whether or not a message has been sent to the terminal. If the terminal determines that a
message has been sent to it (or may have been sent to it, if a quick paging indicator is
transmitted on a quick paging channel), then the terminal processes the one or more
transmissions received from the one or more transmitter units. Otherwise, if the
terminal determines that no messages have been sent to it (e.g., via the absence of the
quick paging indicator), then it can go back to sleep and thereafter wakes up prior to the
next designated time to process the next message.

[1053] The terminal processes the received signal and assigns at least one finger
processor to each transmission received from the transmitter units, if channel conditions
and hardware and software limitations permit. Each finger processor processes a
specific signal instance (or one multipath component) assigned to that finger processor

and provides a stream of demodulated symbols. If multiple finger processors are



| engths. The term nal may be infornmed of the I ength of each nessage a
priori, or may be able to determ ne the nessage length via a length field

i ncl uded wo oBhes3sessage (which is typically included in trhe/sosets4f ranme of
t he nessage). Knowi ng the schedul e(s) for possible nessages and the | ength
of each nessage, the termnal is then able to receive each transmtted
message intended for it. [1052] An idledgermnal may "sleep" between
designated tinmes to conserve battery power, and would only need to wake up
just before each designated fine to process one .or nore transm ssigns from
one or nor éssfgnﬁﬂéch?'ioFgﬁs rﬁ'ﬁ‘i“?ie Si‘Waﬁ H@Paé’ﬁetsi@%“?éfartf%‘l%é‘faé’ﬁmtﬁéun\}\htﬁ?m or

not a nessagfoflase®RGMbERNrothOthbdeetih @i Pro@ssors fmdyNBe aAERENA! iRt @Taihees
that a nessage has been sent to it (or may have '‘been sSent to it, if a
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messages hawg Hegrevid@by tHe ddmddalor, fo¥ haltipke ralpeingensokecdihal fromisidtiprgi ng
indicator), then it can go back to sleep and thereafter vvakes#ﬁ prior to
the next HeBingHeRr WHts; Phg sreanp fPash reqseyed dransinissiongel hepa gesgyereth eymkelni nal
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each transm ssion ‘recelv om ransmtter uni
condi ti ons[108dyl heafIGwarie aaficw shidgravarcf dni embbadimemtsofppee process Ifcto fecovgera
processor processe ecific silgnal i né%ance r one nulti
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denodul at eg,sy¥BQhs: frbh MUltplP iEndnhiRGChniR OFLHSOLMbAifeND 1ABIIRBIP First
PCT/ US03/ 01542 14 assigned to process nultiple signal instances froma

parti cul ar ptacasssneadherecovered symbol stigem sepamataly 40 etiempintsotesoYar dhe dpsieed

finger processors may be .aligned in tine (via the deskew buffers) and
cont ned  BESRE0 HET RS Hoithd SEepbi TR0 bR FesrtERr g o A9
transm ssi gingferseBarhhifen poidHE{d & Sfratied dnd/ckRyboRY FromPineltiple @@ims @fay be
recovered synbols may be provided by the denodul ator for nultiple

transm ssi 6pmbined i ateanpt forecavarthemessags ansnitter units, one stream for

each recei !f;tggl rang %%ﬁh%ﬂim;{ﬂ GRE rdBIQLE Eﬁgb(?%%ﬁjns ?%yﬁ&aeg?ed%x aE Qﬁﬁ)fb €

processed scri be ow 1o recover ransm nmessages. 054]

FIG 5 is and imwpalitiagiapordef datermitibd Basedrn thé sipnpl qeatiss obtiesd sirdaesoVEie a
particul ar desired (underlying) nessage that may be transmtted via
mul tiple figANsHHANS] Ond SHEBATRENtEN BS FHEPAFA {1 ¥ArIQHS; PANETS, sY¢h &5 Dy the

enbodi ment sighgl?to%%fs'g‘i-a'ﬂalimfei'f'él%ﬁlce ratios (SNRs) of the stream, the pilot energy-per-chip-
to-total-noise-ratio (E./Ip), and so on. The stream associated with the best signal quality
may be processed first, the stream associated with the second best signal quality may be
processed next, and so on.
[1056] Each stream is processed by deinterleaving and decoding the symbols for
each frame of the message, checking the CRC value for each decoded frame,
assembling the decoded frames to form the message, and checking the CRC value for
the message, at step 512. Other quality metrics may also be derived and monitored for
the current stream being processed. Such quality metrics may include, for example, the
re-encoded symbol error rate (SER), the re-encoded power metric, the “modified”
Yamamoto metric, and so on. These quality metrics are described in further detail in
U.S. Patent Application Serial No. 09/810,685, entitled “Method and Apparatus for
Adjusting Power Control Setpoint in a Wireless Communication System,” filed March
15, 2001, assigned to the assignee of the present application and incorporated herein by

reference.



processes each recovered synbol stream separately to attenpt to recover the
desired nessage error-free. If the desired nessage cannot be recovered
error-frewofossany single stream then portions (e.g., fPcanse3/ensd? or
synbols) fromnultiple streans may be conbined to attenpt to recover the
message. [1055] In an enbodi ment, the recovered synbol streans are
processed one at a tine and in a partiqgular order determ ned based on the
signal quality of these streanms. The signal quality of a given stream nmay

be esti nat LN various manners, such,as by the )

si gnal -t o- ﬁ@ﬁ?ﬂ a?f‘d-diem’tnlaﬁ?r_éh%g’erna’flia%es WhERGEE 1T giPt {11Fe 94alit% 9y hg AEsHIge ot
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associated with the best signal quality nmay be processed first, the stream
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decoded fr pigRer sigfifglybn)dattstep T6cadtte pforsnsetntinites. m t he nessage, and
checking the CRC value for the nessage, at step 512. Qther quality netrics

may al so bHO§8} i v&fhemdseminine spualityr ofr the regovergd ragspagst is daswiideH e grdE s sed.

Such qual i ri L ) e - : error
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[ 1057] A dsteanmrimehecked,ias stepeh2Gradhewprocdse rtherr retems tthestepuil4 toy dotferming

nmessage recoyvered fromthe current . stream bei r.ocessed i suffjgcient
(6. 0., wnetRENSLP PRk e mesask Bl ieg he St ERaR Y SHERERY Al bhe
level s), amesdagd é:lﬁﬂiﬁy ik fsuffleeenfemeadRe eesdagt ecdvered Ukdrh ahe Rlredth@Rainhig
nmessage recovered fromthe streamis processed (e.g., by the higher

si gnal i ng peyideyl forfurtherasosang dhithe hiegher saeadingdeyen) #ateps 16 1058]
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streamis avall able for %r ocessing, at ) . N .
insufficient quality. The first recovered message having sufficient quality is provided
for further processing, and any remaining streams may be ignored, or stored for possible
combining for other messages.

[1060] Back at step 518, if all streams have been processed and none of the
messages recovered from these streams have sufficient quality, then the process
combines various portions (e.g., frames and/or symbols) of multiple streams to attempt
to recover the message error-free, in block 530. Various schemes may be used to
combine the multiple streams, some of which are described in further detail below.
Block 530 is a specific embodiment for combining multiple streams to recover the
message.

[1061] Initially, a determination is made whether or not all allowable combinations
of multiple streams have been tested, at step 532. The number of different combinations
to be tested to recover the message may be limited, and this number may be dependent

on the specific scheme being implemented to combine multiple transmissions and

possibly other factors. If all allowable combinations have been tested and the message



step 518. If another streamis avail able, then the next stream (e.g., the
one with the next best signal quality) is processed and the quality of the
nmessage rwowmsmesss fromthis streamis checked, at step 5PQT/UBh®01B#DCESS
then returns to step 514 to determ ne whether or not the nmessage quality
for the current streamis sufficient. Again, if the nessage quality is
sufficient, then the nessage recovered omthe current streamis provided
for further processing (by the higher signaling |layer) at step 516. [1059]
The first loop formed by steps 514, 518, and 520 may. be repeated for as
many ti mesSHECANeE Be geavered prranitee. dhetbatharasiig 1 laééd Urige stk A SlBver ed

nmessage ha i [ Gl ity. The first recovered nessage having
sufficient §a‘tjaaﬁ|a'ﬁléér§&e§$%\#g%§& for further processing, and any renaining

streans nmajl062] i grdhekise) postions efl mfubtiplp sssints @e combinediimg phisiculat hnanner

nmessages. [.1060 ck at step .518, if all streans have. been processed and
Tone of °i nbeenbel By and boshibum srhsme ite epERRedNion A PP ORO T | 1y,
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of multiple streans to atténpt to recover the msssatge error-free, in block

530. Vari ofisthecHetaid belowy The quabity efche combinad mepsageris theprkecked, aasiep 58%ne of

whi ch i hed in further, detail .below — Block 530 i Lt
ermbodi ment 0 BF CRORBITE T CHbE-Bes by Epore! TRCRGEAREA! bphyq,

Initially, tR faheand RRbdagd ldv@lshpddedetdiatiied inotep$40, didn tht Icomdlled message
conbinations of nmultiple streans have been tested, at step 532. The nunber
of di ff er effcorespditea the multipls syeamepistRrgvided fox duihsr ProRessiRg 24 86P iy B¥
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i npl enent e mul t1pl'e tfansm ssions an possi
I f all all onadtl @otherrbomisinhataomsofhravis pleestieame siagbeaestied. HEhmessmtylop\@@8d063385

PCT/ US03/ 01542 6. still cannot be recovered error-free, then erasure is
decl ared f BY Stens> e udigh ST heepesid OB ARIMARG gD o8 nUEPH PSSO 02]
Qherw se, ;PAWLOS A fRshbR & (L E6APMe@hRsGeE R BsLTiBicAt @mity.cul ar manner
determ ned by the conbi nati on schene being inplenented to forma new

conbi ned HMShge, Inamothee pmbadimentytd recoverrd puticweahdgpired magssage teanenitiesh st ep
536, as descri n urt her deta ow. . The. nbi_ned

message | s PrBRUEdEReE s beapmauie ot st Ne st el

nessage i sagUbibtGi@Nte.d Bnarallef oPbdridllfg &Behe flessalke adcob@rel from the stream
having the best quality and exceeding a particular quality threshold is provided for
further processing. Again, portions from multiple streams may be combined to attempt
to recover the desired message error-free if it cannot be recovered from any single
stream.
[1064] As noted above, various schemes may be used to combine portions of
multiple recovered symbol streams for multiple received transmissions if the desired
message cannot be recovered error-free from any single stream. The combinations of
multiple streams may be performed at the frame level or at the symbol level, or both.
Moreover, the combination may be performed in different manners depending on
various factors such as (1) whether or not the transmitter units are operated non-
synchronously, (2) whether or not the terminal has frame level timing of the transmitter
units, and so on.
[1065] FIG. 6 is a flow diagram of an embodiment of a process 630 for combining
frames from multiple transmissions to recover a particular desired (or underlying)
message. In this embodiment, the terminal is assumed to know the frame-level timing

of each received transmission. This frame-level timing may be provided from the



the frame and nessage levels), as determned in step 540, then the conbi ned
nmessage recovered fromthe nmultiple streans is provided for further
processi /g i@amesBRp 542, and the process term nates. O h@cCwuEse3/otshe
process returns to step 532 to determ ne whether or not another
conbination of nmultiple streans may be tested. The second | oop formed by
steps 532 through 540 may be repeated fgr as many tines as the nunber of

al l owabl e conbinations and for as |long as the conbi ned nessage has

insufficient quality. [1063] In another. enbodinent to recover_a partj.cul ar
oot red noBeugter ot Eraured fo 6 250 ETRPIRT b hErmrv BoeRs S0
transm tt epaymkuSed B bIdcRGY i B Synbol streams are processed (e.g., in
parallel or Serially), and the nessage recovered fromthe stream having

t he best qli@6bly dndialix.cewsdphghearegayared gymbolgsisdamsyistdetestsd odsdthe prigpasyi ded

for further proc ing. Again, portions frommultiple streans b
conbi ned t St BHBAT OffT FESREYEY shbolsme 4t kel Sidsted 8 sEoonaiyesuths R o o0
be recover ggp EB2MMERYprh4tg!strearfitriBape tHeldHeAithsheBdse digallayiRlityar ihe ume

schenes may be used to conbine portions of. nultiple recovered s%rrbol
streans foithihe lepstaumbeepiarasedfeamasi JYE pRIATY sireren mayialsede splgeisdhsedannot

be recover - from any single stream The conbinati ons of
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[ 1065] FIG % Is a flow diagram of an enbodi nent of a ‘process 630 for

conbi ni ng thereaiased fifammens ndentifipd.ext step9Ski Sscenke teommat basclirame-feaek fimingan
desired (or,.underlying). nessage. In. this enbodi nent he term nal,..i
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transmtter unit or recovered fromthe good frames fromthe transm ssion.
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step 632. Th@dpthenalieyeratddefeameriysubstitited (Da.grapildchd) Wizh biesgodli fgamad, aquebi ty or

the one 642. The process then returns to step 634 to check whether or not there is another
erased frame in the message. Otherwise, if no good frame was recovered from any
secondary stream for the erased frame, then an erasure is declared for the message, at
step 652, and the process terminates.
[1069] The loop formed by steps 634 through 642 is repeated for each erased frame
in the message recovered from the primary stream unless terminated earlier if a good
frame cannot be recovered from any secondary stream for an erased frame. If all erased
frames in the message recovered from the primary stream have been replaced with good
frames from the secondary streams, as determined in step 636, then the CRC for the
combined message is checked, at step 644. If the CRC checks at the message level, as
determined at step 646, then the combined message recovered from multiple streams is
provided for further processing, at step 648, and the process terminates. Otherwise, if
the CRC does not check at the message level, then an erasure is declared for the
message, at step 652, and the process also terminates.

[1070] In the above embodiments, the CRC is relied on to determine whether or not

a given frame has been received correctly or in error. In certain instances, a frame may



with the | east nunber of erased franes. The primary stream may al so be

sel ected based on sone other criterion. [1067] An erased frane in the
nessage rwoasessdsfromthe primary streamis then identi fricadjSoabisgtep 634.
If an erased franme is present in the nessage, as determned at step 636,
then a good frane fromone of the secondary strean(s) and corresponding to
the erased frame is identified, at stepy#38. Since the term nal has
frame-level timng in this enbodinent, 1t is able to nmatch up the

correspondi n m mul ti trans ssions 1068 det natl on
Co L b i ERGs R R oyl B 1 resr eh g pirainy Thie SR EtRd T iae
found for LReee5Ra&Orbh R l@tse&inﬁﬁry%&amkffoxtﬁ" VeI efdsdd RiRe Wothe rﬁ&b‘zfgé then
the erased frame is substltuted (i.é., acelf) with the good frane, at
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term nates. [1069] formed by steps 634 through 642 is repeated for
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stream for fased $rane ranes | the nessage recovered
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secondary sire etermined in st en the for
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level, as  gabRidp f}ﬁflesaﬂoﬁtrﬁ@u?&ﬁrankmlanb% FRBNEFhrTRASAARiEE FRYQEED from
mul ti pI e streans 1s provid further processing, at step 648, and the
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these goodsfepdBRs Atharated feammd eld: agaagsiecovered from the primary stream are then
identified, at step 734. All good frames for the message and recovered from the
secondary streams are also identified, at step 738.
[1073] At step 742, a new combined message is formed by substituting the erased
frames with a set of good frames selected from among all good frames previously
identified in step 738. If the terminal does not have frame-level timing, then it may not
be able to determine which good frame corresponds to a given erased frame. In this
case, the terminal can attempt to substitute the erased frames with various different
combinations of good frames. For each combined message formed by substituting a
different set (or combination) or good frames for the erased frames, the CRC for the
combined message is checked, at step 744. If the CRC checks at the message level, as
determined in step 746, then the combined message recovered from multiple streams is
provided for further processing, at step 748, and the process terminates.
[1074] Otherwise, if the CRC does not check at the message level for this combined
message, then a determination is made whether or not all allowable combinations have
been tested, at step 750. If all combinations have not yet been tested, then the process

returns to step 742 to form a new combined message for evaluation. Otherwise, if all



each other to determ ne whether or not they contain the sane content. I|f
the contents for these supposedly good franmes are not the sane, then each
good framwowsibts3ds ff erent content may substitute for theprerasesiofsaane, and
the CRC is then checked at the nessage |evel for each conbination. The
flow diagramin FIG 6 nmay be nodified accordingly to inplement nultiple
substitutions of different good franes {fgor a given erased frame. [1071]
FIG 7 is a flow diagram of anot her enbodi nent of a process 730 for

conbining frames. frommultiple transm ssions.to,r ver a particul ar
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identified, at step 734. Al good frames for the nessage and recovered from
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then it may not be able to detern ne which good franme corresponds tqQ a
gi ven er as@&¥ $onypyed tphg fgrrainal oLhe teprpiga I@?H‘%&Itesﬁé C%‘PEWB?“Stcgt QB8 At ut e

the erasedgfda@eimh s YakiRus Qidf ah SRbtheCATBORAEACRR RixiBRAMIHEABRS. For
each conbi neé1 nmessage ?or med by substituting a different set (or

conbi nat i ois)seoby thedeinfina mesorling to ite prmcassow ndasharage ¢apebiGRes. floryet arwther

conbi ned nessage is checked, at step 744. |f the CRC checksb at .t he nessage
| evel , as e@é?‘g}]ﬁptnesﬂmen 18PED n?%,cogtﬁlé‘nt S BRBD AYH R LAY E 8‘8058?“& from

mul tipl e shi@BéBwithin tAE Ayds bPbothUr TR terlAf @yl then usd tHi§ efforfdlionapd t he
process termnates. [1074 herwi se, if the CRC does not check at the

nmessage | ewalchf up theicarredhbraseiyed femmesgliom; henpaalidt sreampat Inoieti anatde
whet h { .all i-nat i : ” : .ep 750.
TaT conBinogiEhs te BRRALE GERRLAR B Dol BERRch SERTtuale of ififr

ations have no eent e cess urns to

step 742 t prodaétbetwemithe qadeivedirammss age thersy@balsustdoatponéithar wiveeaor)ith al |
WO 03/ 063385 PCT/ US03/ 01542 19 conbi nati ons_have been tested and the
nessage- | etdleprnppea deptch bebweergrerms o fn télhsyembodlment, a vector may be formed by all

or portions of the soft-decision symbols or hard-decision symbols from a frame or
multiple frames that are from a given stream. This vector is then used as the input to an
inner product (dot product) operation with another vector formed by symbols from
another stream. The resultant value is a metric of the similarity or likeness between the
two streams or their time offsets. The most likely (as defined by the inner product
operation above) time offset between a pair of streams may be combined first for
decoding and CRC checking. If this pairing fails, then the second most likely pairing
may be combined and tested. This processing can continue until all possible pairings or
all possible pairings with certain level of likeliness and higher are tested.

[1077] Referring back to FIG. 3, each decoded frame is checked by CRC checker
322 based on the frame-level CRC, and the frames that pass the CRC check may be
provided to frame buffer 326. Frame buffer 326 may thus be used to store the good
frames received for each message to be recovered by the receiver unit. The appropriate
combinations of good frames (e.g., as determined by controller 330) may thereafter be

retrieved and provided to frame assembler 324, which then assembles these frames to



conbi ned nmessage, then an erasure is declared for the nessage, at step 752,
and the process also termnates. [1075] Since the frame-level timng is
not knowwe opn633s3 i n the above enbodi nent, the nessage- PeTalS0ERG41 s
relied on to determ ne the proper alignnment of the frames recovered from
mul tiple transm ssions. Various techniques may be used to limt the nunber
of different conbinations to test. [107%% In one enbodiment, a maxi mumtinme
delay is determ ned by the base station and conveyed to the term naI The

t erm nal y then test all conhipation f th ans W this
maxi mim d"? 2 ¢embiRed H’éﬁsaéﬁbggﬁn‘éﬁfkergﬁg qg E@F‘ipﬂ%%age died by the

term nal gﬁg%éj'n{égsigg kv Cﬂi@caﬁﬁsérg\gdé’sng rﬁés@ﬁ%@gﬁaﬁl‘?R@Qohir&l‘l&%wl NIy fle

anot her odi nent,” some frames may contain the message sequence nunber,
the frane mewmgelstaWStlhdmatbhmamwg@;nedrmtﬁ@agﬂ is Emased etlhcm nmtrqirlay3301myuse

paral | ol s iamey(FEo5d Pl SRbGeh el e R o S B PP o
'projecti nga'mpeﬁdtﬁérl S8mbifed mestaK] MPhid Pro&¥RS MmaypP bedesdatddetivien chbhdideacei ved
frames, with the synbols as conponents in a vector) to determine a match

bet ween st message passes the snessagodevebRC @ aile%komabwnwwmmeweraleﬁtedor
port | ons Ohe(h?fas ci%tcgﬁz%?lrsls!tgn rng)%d%ra%{e 1jﬂ otdl%(ve re%x{}%}&l ﬁofcnr ng frame

mul tip are a gliven s I's vec en used

as t he i nptHe deGorary stidagds flor anl lefztsec( ftaine pn (DlﬁhJﬁie);sag@edfc@t/m@d fibind haeamﬁnmr
vector fornmed by synbols from anqgther stream The resultant val uF is a
T/

metric of WF‘é‘nel Hilltlallsl‘%%e dhe |eraseh demepeanigie he trﬁéacefivx)ﬁ“%taf‘%‘éﬁ’sg?ﬁd Ber tine
of fsets, B&Eféﬂ%}onk hkoYe gt?égﬂ%kt@ﬁﬂo@dﬁcfa?@g'tﬁ@ géjﬁém% ORIt hhsabove)

time offset between a palr of streans na d first for decoding
and CRC cheadhkeimeg malyfbet ksied tpaitempigofdeiive a gbhé rﬁraniwefos eeograseddsame udied the

pairing may be conbin and ted. This pr cess ca ontinue. until all
possi bl'e péY‘?li’ﬁ@ée‘:SP’em‘igﬁor’bH’é’ fpi? gansImissions SPW‘*&%%(’H‘?‘?? B@Qm%fcmm

| i kel i nessjaRdcrited i Furte® dt83 be@w. [ 1077] Ref erring back to FIG 3, each
decoded frame is checked by CRC checker 322 based on the frane-Ievel CRC

and the frE089] t hdtIGp8ss atflpev dRgrashelcan mpommenwfoa/pm@sS@Sffma@mnmmmger

32 b hus .b d
A

conbi nat i ons tH¥d e@BOGnfchB RS tdrMirthl is &Suded & ﬂ(hﬂ@dh@)!yrﬁb@ltlé@él |tﬂllim§361) theay
thereafter be retrieved and provided to frane assenbl er whi ch then
hecenbl o raveed (RESTBSS O I00SH 06895 IRCHESOUND SADGSE and 738 in FICS. 6

and 7, respectively, to provide a good frame for an erased frame.

[1080] Initially, one of the recovered symbol streams is selected as the primary
stream, at step 842. All other recovered symbol streams are considered as secondary
streams and are ranked in a particular order, at step 844. The ranking may be based on
(1) the signal quality associated with these streams (e.g., the stream with the highest
signal quality is ranked the highest), (2) the number of erased frames for the messages
recovered from these streams (e.g., the stream with the fewest number of erased frames
is ranked the highest), or some other criterion.

[1081] An erased frame in the message recovered from the primary stream, which is
to be replaced with a good frame, is identified, at step 846. Next, the accumulated
symbols used to derive the good frame for the erased frame may be initialized to a
particular value (e.g., zero) or to the symbols from the erased frame, at step 848. The
frame in the highest-ranking (but not yet combined) secondary stream corresponding to
the erased frame is then identified, at step 850, and the symbols for this corresponding

frame are combined with the accumulated symbols, at step 852.



20 form a conbi ned nessage. CRC checker 328 then checks the conbi ned
nmessage based on the nessage-level CRC and provides a nessage status to
control | ew03306338F the nessage status indicates that theprcordsisied4snessage
is erased, then controller 330 may direct frame buffer 326 to provide

anot her set of good franes to frame assenbler 324 to form another conbined
nmessage. This process may be repeated uptil a conbined message passes the
nmessage-|l evel CRC or all allowabl e conbi nati ons have been tested. [1078]

In certain_j ances, a good franpe not have been recovered frqm any of
t he secondhwgg%i‘tré@ﬁscofr&‘“eé?rfr%?%ggﬂggx’d ¢ prPuHatipR sy E‘cfé%r"é UPlEom t he

primary S&&&gﬂgswﬂa it Hep f£BSGd ddecheriaaes tld fIRe ¢aRNCk sRE J58PIpaRALREL h

anot her good frane derived froma single stream Instead of declaring the
message asfdrehisgomborsddrameastieokss as dethemiped atesteip 85 sheh the cambaedtirame deri ve

a good frane for, the erased fra Si t he | s recovered fr.o

DT b Pl ok 1N 008 Rogsor e s Sof Hate s sl iR e R R R e bed i n
further detrgB] belGherwlikd 1Plhd™CRC &lok$ ndt thak fira@isasdmbinad tRRkROdhéreat of a
process 838 for conbining synbols fromnultiple transm ssions to attenpt

t 0 recover defeypainatianib arade whgdeeer uot-afl seeondarnyrstieping havenheen prasessed v stegr m nal

br ocoss. 53800l BEscbRETY MR T8 ot an Peshi U8 eI Bipdes BABM B! One:
respecti vektgp 850 tBrfovh e naw gadtbifedareme auisignther asetbld fiare thd 468 Aighest-

Initially, one of the recovered synbol streans is selected as the primry
stream at raaking sgeondany stregmp Qtherytiss, Hradlpeegndany stepms diske Beed 0Binedandd as

secondary st frg@gﬁe\%p%ﬁﬁ ?dl({eélr}ﬁ)‘?%hk& "i‘?xpgﬁjaicﬁlﬁ'bﬁ{edoﬁg’ﬁé; gﬁh At ERisiid4s The

ranki ng may be based on t he signa Ity assocl at w th these
streans (ederlared foe tist fraaen ansteh 86B.andithfhpotess alsgmerminpied. i ty is ranked the

hi ghest), he er of erased.franes for the ssa recovered from
t hese st regﬁ’é"i e. d‘ﬂ&?r@ow raé‘a?ﬁlwdflﬂerﬁth‘@ﬁ?rgwfn%&gﬁgm %&Seéernhﬁté?fn?sr dfres s
ranked thecfhGReSin a paftichRIRr@r ke HRY faARing [0FQRd fecOVer8l a§RBOf §tRaRmsi N the
nmessage recovered fromthe primary stream which is to be replaced with a

good framegorresppuiling fof the decented drappmBsions. Nexg to mpklipatcansiotheradenemerisoits used

to derive the good.franme f t erased frame may . be injitializ t0,a
par t1 cul ar VrGBR hl Hqhy SE et WBREmTREE B rdfied Ridrefibectibad o
step 848. fhRingf mayBe borfoiedod BasH eragakiraife (el bavell onethe BMpeésti@thle for
secondary stream corresponding to the erased frame is then identified, at
step 850, Hecbilohecceiyatal approrimatgly thegamedgamas g frame being combined or with

as small a time difference as possible).

[1085] The symbols from different streams may also be combined in various
manners. In one embodiment, the symbols from multiple streams for each symbol
period are linearly combined to derive the accumulated symbol for that symbol period.
In another embodiment, the symbol from each stream is weighted by the estimated
quality of the symbol (e.g., by the pilot E/I, for the stream), and the weighted symbols
from multiple streams are combined to derive the accumulated symbol. The weighting
of the symbols by the estimated signal quality is automatically performed when doing
coherent demodulation, which performs a vector multiply of the symbols recovered
from a particular code channel with the recovered pilot to derive the demodulated
symbols. The vector multiple weighs the symbols by the signal quality of the stream, as
estimated by the recovered pilot.

[1086] Referring back to FIG. 3, each demodulated frame is provided to decoder
318, which deinterleaves and decodes the symbols in the demodulated frame to provide

a corresponding decoded frame. For each erased frame in the message recovered from



frame are conbined with the accunul ated synbols, at step 852. WD 03/063385
PCT/ US03/ 01542 21 [1082] The conbined frane forned by the accunul ati on of
synbol s fwormned3ss pl e transm ssions is then decoded and ekealsesiost2 t he
frame level, at step 854. If the CRC for this conbined frane checks, as
determ ned at step 856, then the conbined frane is provided as the good
frame for the erased frame, at step 858 and the process term nates.

[1083] Otherwise, if the CRC does not check for this conbined frame, then a

determ nation is made whet her not all. secondary. stre have en

br ocessed, U PITS SiaB: Srqodsr FLE FRsHIANGE & SLBRR RV Tk g Gl pREme
processed, flohethel g indyREESH BitHE RAame® frofd iR B8bhdafy SREamsacdR¥pdHaTHY fded
frame using the synmbols fromthe next highest- ranking secondary stream

Q her wi se, theferadel fewonSiamlol duffensz) may ehuseernsed i btardframes oftsymbplsahet- | evel
CRC does not %heckbf or. tag%r(ijconbi efd frprre it hesn n erasure is declared for
the frame, "4 PSCERPHKY © V%%O"@r G or speherised HamG o5 [1084] FIG 8
shows an eniysd| Menthe/BREE And YdhekgontingnTréinté an@nthetdfearte atlevedofibinned in
a particular order based on the ranking of the recovered synbol streans

cor r espondiyigbelobuffes 320cend, sempingd syithin jdseeder 318 asodessribed abeveatoddetveer
henonmena, _Jf.. i i RYE : : 1 SSJ

Change overPPPned FRES IO Galedacd” FAUBLbENNGY FABESE eLPAPMORN PRI

(e.g., baseg¢t ddrrdstdakdlod corespormiiigeiriraes, whivh pay be detecninee by abntagifer 680.mat el y

the same tine as the frane being conbined or with as snmall_a ti )
di f f er ence Dgsodss S4B sheny deqoﬁa%echmgl FEC 19 GRS F KRt feames hisy al so

be conmbi negdythYAlddB{SCRIBENRBKS - 322MbaStE o BROFARE M vel ORT. S RO R k0D,
mul tiple streans for "each synbol period are linearly conbined to derive

t he accunulbbguowgesbalfraimgr statuatto spntaller 380i old. the framenstatue indiedtesdibae e, t he
synbol fromeach,streamis I ght e e _esti mat ed ual i f the synbol
(e.g., by fﬂ@glﬁﬁi irtaméclf F&S?%ﬁhqqh%ongrpﬁéa% ,m%S‘fncﬁéy%BPg‘h‘ﬁéea%é?/ﬁ%Bﬁc’sY 14y om

nul ti pl e StKeeaboR forf ARBINBELSEcHAdAIE Ktrdteh to\@ca8& B8, dhed thyeahbindsBese

wei ghting of the synbols by the estimated signal quality is automatically
per f or ned wHabolg ovifgthesins raspemulaied dmielsote, foRmi Wﬂ'ﬁércp nedfrapeet dpis

121 Ol PATE RpLREE e AR BB M RS SRR, i e
wei ghs t he sgy#istase byer frecabghal quality of the stream as estimted by
the recover[iaodssﬁ)i | O’lt“lie techniques described herein to selectively combine multiple
transmissions (e.g., at the frame and/or symbol level) to recover messages error-free
may be implemented by various means. For example, these techniques may be
implemented in hardware, software, or a combination thereof. For a hardware
implementation, the elements used to implement any one or a combination of the
techniques may be implemented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or a combination thereof.
[1089] For a software implementation, the selective combining techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in a memory unit (e.g.,

memory 332 in FIG. 3) and executed by a processor (e.g., controller 330). The memory

unit may be implemented within the processor or external to the processor, in which



[ 1086] Referring back to FIG 3, each denodul ated franme is provided to
decoder 318, which deinterl eaves and decodes the synbols in the

denodul atwo oBoeases t o provi de a correspondi ng decoded frameT/US0s/0Baz h
erased frane in the nmessage recovered from WD 03/ 063385 PCT/ US03/ 01542 22
the primary stream decoder 318 nmay provide to synbol buffer 320 the erased
frame fromthe primary stream and the 44 anmes fromthe secondary streans
corresponding to the erased frane. Synbol buffer 320 nay thus be used to
store frames of synbols that. ey blgdcog_"oi ned to derive a good frane for
each er asefPSFILEAE. becPgumnicatiyely COURIGd A0 NCIBPTSSEP PRIY HIPUS IATFBS gy known
thereafterpgehftri eved from synbol buffer 320 and conbi ned within decoder
318 as descri bed above to derive conbined frames for erased franes. Each
combi ned f 98] i s At fop e darfdwane/soffysare iroplementatien, some of sheepfoenssing imay be

corresponding fr ich be . determ ned by, controll.er 330. coder
378 ¢ hon dRUEEEl gt e AR T ST PERs /B o B P R Vg F1 1 <
t hen checkeghnile, GRGFIChEX; kied déB8dDase defodihe frirmdRvEEERIC ElRCkingRSymbdcker
322 also provides a frame status to controller 330. If the frame status

i ndi cat es fa¢ramulaiion, aeshfirmepssaraiiy may be aedarmadhignhasdaieo prd theamessagsy
direct sy f 2 i . ol s from anot her secondary
stream to”%glcgzlo(ggzr: Cgéﬂ?%}igﬁgpﬁi%ﬂ%gﬁ%gﬁgxﬁese synbols with the prior

accunul at efil09¥rbol Keadingk aireénimuhadeld eliereianfor nefdrencanmd tdhiid in focadeg certaiy be
repeated until a conbined frane passes the frame-level CRC or all .streans
have been &caeg%sitfse [hfef_gaqs Frgof g&mﬁea&%@%@mw&@%? EPREPE dsprRet vel y
conbi ne Muleldh @inddr! 3RS fHedS LARLpts &y har! agpiBatlilifR ARG Qe Rlughdme! ) to
recover nessages error-free nmay be i nplenmented by various nmeans. For
exanpl e, t Hesstitesspheifiqatem. may be inplenented in hardware, software, or a

conbi natio reaf,. For. a hardware .. inpl enentatiaon, the ele s used to
oot ement - e92E1e e rretiafRREIER S eS0T Al Bat b PR BT B! e
Wi thin oneasy p¥¥od SAkd GAliheNagPRCinidke bNLBET tePresdiit I vbrtfon( ASV&Jus
digital signal processors (DSPs), di ql tal signal processing devices
(DSPDs), pmegifieaiiens @ thesgiembgdimanss wilppbpsgadily japparensrte dh led igahecargr r ays
FPGASs) , ) L 1.l 0- t.rQl ) i ot her
C1 cotroni oG AEEhGie SAMAE, Ay nBlehl Baf kBt byl FARRIARRE ARG 013
conbi nat i odepagigefibm thd @B}k oFecope cfahé WaveatiompTane Nt plesent itveatiseliendti ve

conbi ni ng techni ques _may be ] ) ] )
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.

[1093] WHAT IS CLAIMED IS:



i npl enented with nodules (e.g., procedures, functions, and so on) that
performthe functions described herein. The software codes nmay be stored
in a nmenowQosnedsie.g., nenory 332 in FIG 3) and execut @dThg0H0BHDCESSOr
(e.g., controller 330). The nmenory wunit may be inplenented within the
processor or external to the processor, in which WO 03/063385

PCT/ US03/ 01542 23 case it can be commRB# catively coupled to the processor
via various neans as is knowmn in the art. [1090] And for a

har dwar e/ sof t war e i npl enent ati on, SWTEAIN@?G processi ng may be perforned
by hardware and sone ot her processing nay be perforned by software. For
exanple, in FIG 3, the denodul ati on, decodi ng, franme-|level CRC checking,
synbol accumul ation, and frame assenbly may be perforned in hardware, and
the nessage- |ebel CRG wirelers enmyyicpéorpwistent gancthed fsfselatively corglgning

Headi n are.inelu . j .refer o e I 0g:cerd ain
Secti o, ey R b Bfeidr r AL B hibe Tohprled SERSH G
concepts deammes,hiegmethbécemprisinger, and these concepts may have
applicability in other sections throughout the entire specification.
[1092] 4The prevPBGessHEseahpef She Plurplify off LanyuistormBeriFaiet © resopstotitded to
enabl e anxlgggéqﬁdskilled inthe art to make or use the present invention.
Various moditrcations to these embodinents will be readily apparent to
those <killed i if thémessage canantbd feeo\gesrberrar-fpgei fram plseglatedrismesgidner ei n may be
applied to other enbgdinents mﬁt@fu& departi%% fromthe sgi it or .scope of
the invention. Thus, ISHEVPBINEs EMSCT nTRRES JA AsTRSY2ES| FCBXUEY T8Mp& M t ed
to the gnbodi mephsnskown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein. [1093]
WHAT |'S CLAIMED | S: Wetersnhog3ned frars usesegddmm rauaigng|aues ofithe phurality

wrel CO”““”BP%&&%HSﬁX§teU] a method for selectively conbining 2 a
plurality of receive P3RS ssions to recover a nmessage conprised of a
plurality of franesforing dreédlocheccmbingl message, phefiis sich@oabirfedafiestdpe

plurality of transm ssions separately to_recover the . |
12 includes a particular combinafion of good frames substituting for the erased

frames, and

14 checking each combined message to determine whether it is good or
erased.
2. The method of claim 1, wherein the first transmission is one having a

2  highest signal quality among the plurality of transmissions.
3. The method of claim 1, further comprising:
2 checking each frame in the message recovered from the first transmission; and

marking each frame failing the checking as an erased frame.

4. The method of claim 3, wherein each frame is checked based on a set of

2  cyclic redundancy check (CRC) bits generated for the frame.

5. The method of claim 1, wherein each combined message is checked

2 based on a set of cyclic redundancy check (CRC) bits generated for the message.

6. The method of claim 1, wherein a single combined message is formed by



nmessage; and 6 if the nessage cannot be recovered error-free froma single
transm ssion, determning erased frames in a nessage recovered froma
first 8 wopanm®aidssi on, determ ning good franes recovered fPCauSO®MBEUHNI Ng
ones of the plurality 10 of transm ssions, formng at |east one conbined
nmessage, wherein each conbi ned nessage 12 includes a particular

conbi nati on of good franmes substitutin®For the erased franes, and 14
checki ng each conbi ned nessage to determ ne whether it is good or erased.

2. The gret hod ofdeqlifidB loacMGRRIN flalR fih &k (e8gH RebRRed StroetRaViRly a 2
hi ghest signal quality anmong the plurality of transm ssions. 3. The nethod

of cl ai m 1trafsmisshesr, conpri sing: 2 checking each franme in the nessage

recovered fromthe .first transpission. and rking, each me failing the
checki n‘g as an 4}%@6‘13 raan%o.og4gaﬂ?e n%?’h% eogpctF%i ﬁlnu??ﬁ%\héfi glrarrllsréuaélﬁn T ame
i s checkedchaspendifig B &eh efked faiy,Gntic redundancy check (CRC) bits
generated for the franme. 5. The nethod of claim1, wherein each conbi ned

nmessagefi s checkuhstituping gaeh egpedaframe With hgcqorespandingagandyrape &k faarte pits
gener at ed ] ge. 6. The nethod of claim 1, wherein a single

conbi ned néé}égéggflgg%g?ned by WO 03/ 063385 PCT/ US03/ 01542 25 2 identifying
each erased frane in the nessage recovered fromthe first transm ssion, 4
identifying a good frame, fro ne of the plurality of transm. ssions
correspondi ng t & eachhemedhed ‘rPTt]r‘g ?aWhe’G”bﬁ‘ﬁsﬁqofiJﬁ%C‘éﬁféﬂmgl%%Ie"fclharre

with the contesRandisaedtRd vhicah 4 RarhOhihblGss&IRi NRf ehsEaRe. 7. The
nmet hod of claim 1, wherein the good frane corresponding to each 2 erased

franme is identified based on a frame nunber associated with each franme. 8.
The method of C%.a hm Jl'he \An@e?}rloecfl Of g]airr)rll lir %vlhielte\{n (ejlfpll(fr%mgli oF cgomn?)alrslgc%1 %%%sa%éseare
2  formed by
identifying a plurality of combinations of good frames for the erased frames in
4  the message recovered from the first transmission, and
substituting each combination of good frames for the erased frames to form a

6 respective combined message.

9. The method of claim 1, further comprising;:
2 if the message cannot be recovered error-free from a single transmission and a
good frame corresponding to a particular erased frame cannot be derived from a single
4  transmission,
combining symbols for two or more frames, from two or more
6 transmissions, corresponding to the erased frame, and
decoding the combined symbols to derive a good frame for the erased

8 frame.

10.  The method of claim 9, further comprising;:
2 if the message cannot be recovered error-free from a single transmission and a
good frame corresponding to a particular erased frame cannot be derived from a single
4  transmission,
ranking the plurality of transmissions, and wherein symbols for frames
6 corresponding to the erased frames are combined in a particular order

determined based on the ranking of the plurality of transmissions.



2 formed by identifying a plurality of conbinations of good frames for the
erased franes in 4 the nessage recovered fromthe first transm ssion, and
substi t utwog@3®essks conmbi nati on of good franes for the erasedrfusanesst o form
a 6 respective conbi ned nessage. 9. The nethod of claim1, further
conprising: 2 if the nessage cannot beoéﬁ?covered error-free froma single
transm ssion and a good frame corresp ing to a particular erased frane
cannot be derived froma single 4 transm ssion, conbining synbols for two
or nore frames, fromtwo or nore 6 transm ssions, corresponding to the

erased franme, and degcpdi ng. t he .conbi ned nbol s t erive a gaod frame for
the erased 8 fllg'me. %ﬁﬁm%h%cpﬁ’ét Golok Eﬁ &%\é{em é,ﬁe fpﬁ’rr?dlﬁérc’fﬁg 1811y 2% ¢

t he messagginkaiBedRs tﬁ@pgg@j@gam?ror-free froma single transm ssion and a
good franme corresponding to a particular erased frame cannot be derived

froma single 4 transmi ssion, ranking the plurality of transm ssions, and
wher ei n synbol s for ane 6.corresponding to.the erased frames are
conbined in a pa\?ti C&nge&p&@fcagg?efﬁhﬁg &% on the ranki ng of the
pluraligy of tranmBinssssapcanid H 3OS MerlcTddIosrh Qlddde t@sribsior fagd aet hod
of claim 10, wherein the plurality of transm ssions are 2 ranked based on

their si gngpodjframecprresppndingdo gariisylasferasp framg cappgtibgderivehfipmss pigelen | f

t he nesgage., cane8t, be recovered error-free froma single transm ssion and a
good franme corresponding to a particular erased frame cannot be derived
froma single 4 trangighiagennboleifghtachef sntwal ar mhore feands afrespmdingotoor

nore frames corresponding t the erased frame, based on a respective
wei ght ®let er mi né&¥ ?fagego{f]% g?%gﬁnﬁé%peﬁ’dﬁl‘Y‘?‘ghtoqetetrﬁ’é“eldv\??sﬁq O%‘E)ees‘g“al

transm ssions fgomipk e thBor e BandisSots RERSvIREFthe Swb @F ARE Bdmes B
wherein the wei ghted synbols are conbi ned.
8 recovered, and wherein the weighted symbols are combined.

13.  The method of claim 1, wherein each transmission is from a respective

2  signal source.

14. The method of claim 1, wherein each transmission is a forward link

2  signal from a respective base station in a CDMA system.

15.  The method of claim 1, wherein the plurality of received transmissions

2  are approximately synchronous.

16.  The method of claim 1, wherein the plurality of received transmissions

2  are asynchronous.

17. The method of claim 1, wherein the message to be recovered error-free is

2  apage message.

18.  In a CDMA communication system, a method for selectively combining
2  a plurality of non-synchronous forward link transmissions to recover a page message
| comprised of a plurality of frames, the method comprising:
4 processing each of the plurality of transmissions separately to recover the page

message; and



13. The method of claim1l, wherein each transmssion is froma respective
2 signal source. 14. The nethod of claim1, wherein each transmssion is a
forward |wolo3/0&338F gnal from a respective base station in ®CTCIi3/8p31 em 15.
The nethod of claim1, wherein the plurality of received transm ssions 2
are approxi mately synchronous. 16. The thod of claim1, wherein the
plurality of received transm ssions 2 “dre asynchronous. 17. The net hod of
claim1l1, wherein the nessage to be recovered error-free is 2 a page
messageb 18. | nifgh<€piga roessagervaomdtibo mecoyered grronfieefiooua finglesmhegission| y

conbining 2 a plurality of non-synchronaus forward |link transm ssi.ons to
recover a page rressa&%tex?mg’(gnﬁﬂsggdﬁ%rpesa B argfe’ls?@eofecf’?{e&ﬁ%sgo?hél rﬁlé{lhod

conprisgng: 4 piasessdiod washoffa lhef Rydlictdduddabky tohadls (ERE) oNns isdrRdat el y
to recover the page nessage; and WO 03/063385 PCT/ US03/01542 27 6 if the
page message caMmibteapleframeovered error-free froma single transm ssion,

determaing erased fr,anes. in a ness r d 0 I LSt .
transm(gsi on, based 8%egmgle 8fg%o>%licﬁ]gglef ggf%\r?gl;eﬁcglrgc ré%% c}flcffgé) p]tl)l?%hstyionfcl uded
wi th each frametradénisebey, forkbdigerasedd@ghel r ane, recovered from one of the
plurality of transm ssions, for each erased frane, 12 form ng a conbi ned
nmessagt by substi t ut foTEIRG A FoRbHEE dessageebispstiliting siack SR ATEGUIRR 2f r ane,
and 14 checking i based on a set of CRC bits included
with the nessagg&?%p g@é%&%e 2 gr it is good or erased. 19. A receiver
unit ita wirel ess comukinigctht icombinest mpgsagmo bpsed somg:sel o GREhbids firatlwded
operative to receive and process a plurality of signal, instances in a
recei ved si gnal W8 i BgPgee 0 tfiff"“érﬁp‘f’t}gt@?“%%%%i OE%P%PEQTTB, each synbol

stream 4 corresponding to a respective received transm ssion included in
the received signal; a decoder operative to process each of the plurality
of synbol stread® sepaieegivgryunit in a wireless communication system, comprising:

2 a demodulator operative to receive and process a plurality of signal instances in
a received signal to provide a plurality of symbol streams, each symbol stream
4  corresponding to a respective received transmission included in the received signal;
a decoder operative to process each of the plurality of symbol streams separately
6  to recover a respective message comprised of a plurality of frames;
a first detector operative to detect each frame in each recovered message as
8 either a good frame or an erased frame;
a second detector operative to detect each recovered message as either a good
10  message or an erased message; and
a frame assembler operative to form at least one combined message, if a
12  message cannot be recovered error-free from a single symbol stream, wherein each
combined message includes a particular combination of good frames substituting for
14  erased frames in the message recovered from a first symbol stream, and
wherein the second detector is further operative to detect each combined

16  message as either a good message or an erased message.

20.  The receiver unit of claim 19, further comprising;:
2 a frame buffer operative to store good frames recovered from the plurality of

symbol streams.



6 to recover a respective nmessage conprised of a plurality of franes; a
first detector operative to detect each frame in each recovered nessage as
8 either wogooasss ane or an erased frame; a second detect ecTapes/etsyyve to
detect each recovered nessage as either a good 10 nmessage or an erased
nmessage; and a frane assenbler operative to format |east one conbi ned
nmessage, if a 12 nessage cannot be recdvered error-free froma si ngl e
synbol stream wherein each conbined nessage includes a particular

conbi nati on of @bod Tharsesiveulost ofttimipP,fvarereifl 4heedemsdat i§ fuathes oparati veeto

nmessage, recovered froma first symbol_strea and wherein th econd
det ec'? & i opbine h@'tmtt?ﬂﬁe&% itye ?ro%lfg? fEmes, KOO MY ¥ dMOi%s Sﬁf@gggd CYWSei t her

a good NMesSsQARpMdiRNEIASELd TRARAGR todlicodd e CEMBINKE Sy HBOIS tP8erfledl B0l
further conprising: 2 a frame buffer operative to store good franes

recoverdked frammfotibe ptagedaframg: of synbol streans. WO 03/ 063385
PCT/ US03/ 01542 28 21. The receiver unit of claim 19, wherein the decoder
is further operative to 2 conbine synbols for two or nore franes, fromtwo

or nore synbol 3$2reamke recEi@El @HOSTUIMR I, Burer E6@pednd:r ane, and to decode
t he conbi ned synbols to derive a good 4 franme for the erased frane. 22.

The reckiver unpsy@polchuffemoparative i siee yshels eqriegpongling Wyaasl erased frame
operati ve ¥n°th§ﬂr%{§§a1g§¥éﬁ%9§%dfn%{ {ﬁ§?ﬁ§?‘!gﬁ901{s?re§1%9h erased frame in the
romthe synb S

nmessage recovere iI'rs ream 23. The receiver unit of
claim19, wherein the first and second detectors are 2 cyclic redundancy
check (CRC) checkers, 24. The r,ecgei ver ni}l of ﬁ%@' m 19, anrei n the
message to be rétovelBRITeSEIVEF unibof ¢laim i1, wheygindhe tizst and seapnd dgleCiorgprga) i n

a CDVA sYSt iR GeiRidhity e LNERE Glei&rs.uni t of claim19. 26. A digital
signal processor 1n a'wreless communication system 2 conprising: neans

for processing a plurality of signal instances in a received signal to 4

Eg?;’;gg oﬁdgl ,tj gagj"t y ﬂle rse¥:git\)/8r| unsltt of A lm%reg:-:lir? th%e}lcl:ergsasg%qg%le resct()(lgr(é‘crl;n error-

2 free is a page message.
25. A terminal in a CDMA system comprising the receiver unit of claim 19.

26. A digital signal processor in a wireless communication system,
2  comprising:
means for processing a plurality of signal instances in a received signal to
4  provide a plurality of symbol streams, wherein each symbol stream corresponds to a
respective received transmission included in the received signal;
6 means for decoding each of the plurality of symbol streams separately to recover
a respective message comprised of a plurality of frames;
8 means for detecting each frame in each recovered message as either a good
frame or an erased frame;
10 means for detecting each recovered message as either a good message or an
erased message; and
12 means for forming at least one combined message, if a message cannot be
recovered error-free from a single symbol stream, wherein each combined message
14  includes a particular combination of good frames substituting for erased frames in the
message recovered from a first symbol stream, and wherein each combined message is

16  detected to determine if it is a good message.



respective received transm ssion included in the received signal; 6 nmeans
for decoding each of the plurality of synbol streans separately to recover
a respectwoasnessage conprised of a plurality of franes; &cmamnsofser
detecting each frame in each recovered nessage as either a good franme or
an erased franme; 10 nmeans for detecting,geach recovered nessage as either a
good nessage or an erased nessage; an 2 neans for formng at |east one
conbi ned nmessage, if a nessage cannot be recovered error-free froma
singl e synbol stream wherein each conbi ned nessage 14 includes a
particul ar conbgzati n otfgood frames sufstiHHtingtfor erased franes in the
message recover &8 fr OnFEYS ABPA AN LT WEEIFRR R L HAC Y B e SYAPLENI ned
nessagepis 16 gRhRCt@dploesiRibes Blurflityfof Sighd AsQAQH NEs Ta@pued b3/ 1963385
PCT/ US03/ 01542 29 27. A recelver apparatus in a wreless conmunication
system copjowvidsi hglurdityed symbel stsragtse $ERTRY &2 tiabal isyregyn corrgsnands fe fances
Ina re&: el egg c?i'vggeacleiv%g traggrgiééigr? in%lu%%ﬁfﬂh'e&gceﬂed%y Pl . streans, W.ner.e' n
each symhbo ?rean1correspon S0 a respective $ecdei ved transm ssion

i ncl uded in themeagefoy @etodingrath ofmbapiurility of egabongresids kepafatdlneo fecoveal i ty
of synbol streans separately to recqver 6 a respective nessage conprised
of a pl@r atrespegtivemessage.comprsed ofsrpleatib@fifgnesach frame in each recovered
message as eithgl,a ﬂﬂ%&:tec%n% FACF fAnedth @Jﬁ%@o&e&@d@iesﬁ%@% iRbr 9%9%9“ ng
each recovered nessage as el ther a good nessage or an 0 erased ssage;
and neahs frameoameragedfratheast one conbi ned nessage, if a nmessage cannot be
12 recovered error-free frama single synbol stream wherein each conbi ned
nmessage i ncl udB§3% rqqtec?ﬂpﬁreaébﬁ%f)ﬁ%f#dﬂes ?geg%soﬁlmef LS TEEREE A i*Ag for
erasedi( r apRged Medshi&:; dd message recovered froma first symbol stream and

wherei n each conbined nessage is detected to determne if it is a %ood
message. means for forming at least one combined message, if a message cannot be

12  recovered error-free from a single symbol stream, wherein each combined message
includes a particular combination of good frames substituting for erased frames in the
14  message recovered from a first symbol stream, and wherein each combined message is

detected to determine if it is a good message.



