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(57) Abstract

An integrated search processor (128) used in a modem
(110) for a spread spectrum communications system buffers
in a buffer (172) recewed signals samples and utilizes a
time sliced transform processor (120) operating on successive
offsets from the buffer (172). The search processor (128)
autonomously steps through a search as configured by a
microprocessor (136) specified search parameter set, which
can include the group of antennas to search over, the starting
offset and width of the search window to search over, and
the number of Walsh symbols to accumulate results at each
offset. The search processor (128) calculates the comelation
energy at each offset, and presents a summary report of the
best paths found in the search to use for demodulation element
(122) reassignment. ‘The search is done in a linar fashion
mdependemtoftheprobabihty thatasignal bemgsearchedfor
was transmitted at any given time.
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et al., entitled "SPREAD SPECTRUM MULTI PLE ACCESS COVMUNI CATI ON SYSTEM
USI NG SATELLI TE OR TERRESTRI AL 30 REPEATERS," assigned to the assignee of
t he present invention and i ncorporated herein by reference.

In the just neWO9%BEEB patent, a nultiple access technique is EFEUBIHA?
where a | arge nunber of nobile tel ephone system users, each having a
transcei ver, communi cate through satellite repeaters or terrestrial base 3
5 stations using CDVA spread spectrum comruni cation signals. In using

CDVA conmuni cat i ons, METHOD I0E RECEIVING AND tSEARCHIRG APSIANAL STRANSMITTEDPING BURSTS

times thus permtting an increase in systemuser capacity. : The
CDVA nodul ation techni ques disclosed in U S Patent No. 4,901, 307

of fer many advantages over nagACKG@ROUTNI) OF NVENTIONS used in
comuni cation Systens using satellite or terrestrial channels. The
terrestrial channgl rFjeR$ 86 thdRiveatiop’ 0b! ens to any WO 96/ 35268

PCT/ US96/ 07567 2

oo of COMA tehni eL“eE%Ei&”*@“‘tKafgg%‘?ﬁ B8, CEnaHUKHBRIR P dpplicgiibh of
us R .

channel to be overcgﬁﬁ%d‘gﬁ SE ?’G&ﬁrﬁ ﬁ@%&@ﬁgf@@agﬁﬁnﬁ#ﬁ emper,30,
fadi ng, whil el 81 sd984plentitied) MULEBIRATHAGEARCH ecBROCESSOR FOR TAe SEREAD
t echni ques as di sgg@g-_qq; ' M‘glﬁf é?ﬂmﬁﬁ\@{ ?Wl

use of coherent ngdul a];,lt?)lg[ an ermEe thﬁi@'gn or bot CATION I'rec |'o€r,1fsh%(#£§?1net
link in renpte unitRVenfon Fq’l?@s&%‘ﬁ{ﬁ(ﬁ cQ ppread speckium cgmymunication systegiseand,

¥
therein is the usenede particulairlys 36 Gighal prosessingsinaa eelhilar Bileplidieecommunication
reference for thes? lite-to-renmote unit link and the base :
station-to-repgte unit link. In the terrestrial cellular environnent,

however, the seven tyesefi tionof‘iﬂ{e#bmé&ﬁ?‘di ng with the resulting phase
di sruption of the channef, as we

In a wireless telephone communication system such as cellular

telephone systems, personal communications systems, and wireless local loop

20 system, many users communicate over a wireless channel to connect to

wireline telephone systems. Communication over the wireless channel can

be one of a variety of multiple access techniques which facilitate a large

number of users in a limited frequency spectrum. These multiple access

techniques include time division multiple access (TDMA), frequency division

25 multiple access (FDMA), and code division multiple access (CDMA). The

CDMA technique has many advantages and an exemplary CDMA system is

described in U.S. Patent No. 4,901,307 issued February 13, 1990 to K. Gilhousen

et al.,, entitled "SPREAD SPECTRUM MULTIPLE ACCESS

COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL

30 REPEATERS,” assigned to the assignee of the present invention and
incorporated herein by reference.

In the just mentioned patent, a multiple access technique is disclosed

where a large number of mobile telephone system users, each having a

transceiver, communicate through satellite repeaters or terrestrial base

35 stations using CDMA spread spectrum communication signals. In using

v CDMA communications, the frequency spectrum can be reused multiple
times thus permitting an increase in system user capacity.
v ' The €DMA modulation techniques disclosed in U.S. Patent

No. 4,901,307 offer many advantages over narrow band modulation
40 techniques used in communication systems using satellite or terrestrial
- channels. The terrestrial channel poses special problems to any
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as the power required to transmt a pilot carrier signal fromthe renote
unit, precl udes usage of coherent denodul ation techniques for the
renote unit-to- base station link. U S. Patent No. 5,103,459 entitled
 "SYSTEM AND MVWRHEIBS288 FOR GENERATI NG SI GNAL WAVEFORMVS | N A EOURISEMTSE_AR

- TELEPHONE SYSTEM', issued June 25, 1990, assigned to the assignee of the
present invention, the disclosure of which i incorporated by this

r ef er ence, provi des a neans for overcoming the adverse effects of

mul tipath in the communication systemtpantizularly avithorespeck toymultipagh sigralsie rBret

modul ation and 20yedgeqEhed | @ ﬁ@&‘ibﬁéﬁﬁ the special proBleind ld¥Ftiectdrvdstfial

ts
t el ephone system .the sa frequenc and. can b used. for .
communi cation in %{}qnnsggg aY¢ S?E‘.eylﬂf Wagﬁ‘geﬁ?t adyesse eHest f multipath, e.g.
separ abl e mul ti pafading; whilealsa exploiting the advardagesathdraniot her pat h
reflecting ofig 2°f @@W%&e@eag'dﬁéﬁb&d FOTPSNTheéN NS IESPESD7

nodem per f or mance. form properties t

hat . proyi de,
processi ng gain afentamplatgsthe pge of cohgrent me goﬁeﬂie‘#l%?‘émnt fa both
occupy the same fdaietiicyofdthedlink in remioté Ritreatellitd bomhgiicatirnd Accordingly,

d [ P | ati [ . : i, f .ent_. t] f
Phe sanme o gnal’ tgﬁgfésg‘!:o@?ﬁ%d?w%% g pifd! SEHER s AAIR, ool BY Phadd
del ays exceeds t hrefemnceifer the satelite-to-remote\uaiti link and 8ve base siptiensto-remets
1 Mz is enpliayedunit 18nlCOVA theStegrdstridleceiillar eRVi@éAment, hdWerdr] e severity of

Gy ot om datarat o, SAPAR aAie A Tereriiling PRES dRRRR o b8 chafing o ayen

by mor e t hanasothe powensepired toAtrensmiti @ pilot camier signal dxgm\the remote unit,
differential . pfdohides myagé of @oHirdehe deftid dtllatich Redin®18GBr Phe remote unit-to-
approxi mately 300, neters. I

differential pat hb?flgls&%m} X&ggﬁg%egﬁbgw‘ég%gt %ﬁf% MME&H?P
nul ti path prdgertFOR GENERAHNGSSIGNAL:WAVEFQRMBIAN sA CBEMA CELLULAR
e rert, Fofye o PELEPAONE Ut Ak o o AR 18l Y
si gnal VO oBresepisinvention, the disclosure of which is incorporated by this reference,
PCT/ US96/ 07567  provides a means for overcoming the adverse effects of multipath in the
remote unit-to-base station link by using noncoherent modulation and

20 demodulation techniques.

In a CDMA cellular telephone system, the same frequency band can be
used for communication in all base stations. At the base station receiver,
separable multipath, such as a line of site path and another path reflecting off
of a building, can be diversity combined for enhanced modem performance.

25 The CDMA waveform properties that provide processing gain are also used to
discriminate between signals that occupy the same frequency band.
Furthermore, the high speed pseudonoise (PN) modulation allows many
different propagation paths of the same signal to be separated, provided the
difference in path delays exceeds the PN chip duration. If a PN chip rate of

30 approximately 1 MHz is employed in a CDMA system, the full spread
spectrum processing gain, equal to the ratio of the spread bandwidth to the
system data rate, can be employed against paths having delays that differ by
more than one microsecond. A one microsecond path delay differential
corresponds to differential path distance of approximately 300 meters. The

35 urban environment typically provides differential path delays in excess of one
microsecond. '

The multipath properties of the terrestrial channel produce at the
receiver signals having traveled several distinct propagation paths. One
characteristic of a multipath channel is the time spread introduced in a signal
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3 " that is transnitted t hrough the channel. For exanple, if an ideal
I pul se is transmtted over a nmultipath channel, the received signal

appears as a ream of pul ses. Another characteristic of {] path
channel is thﬁog‘%ﬁ,’ﬁ‘“path t hrough the channel may cause ﬁﬁﬁ’%@%t
attenuation factor. For exanple, if 5 an ideal inpulse is-transmtted

over a multipath channel, each puI se of the 3 recei ved stream of pul ses
general ly has a di f f er ent m&e stren th_than o her cei ve pul ses.

Yet anot her char ataéi$ srang a‘fl'f'?né"ﬁ!an er e?‘émﬂlﬁat an idegl,impulse (is
t hrough the chann&hnsm&edam aandzlﬁpsuhedtambhsﬂaemecam snggahhppé'ns as a stream

exanple, if an idg ggq,f%grm ﬁ g}‘ﬂ ]ﬁ},aﬁ{&?leadﬁ?&&

1 0 pulse of the r e| ved ream pul'se nera er ent
t han ot her r#&w ghannel may Cause a d qrﬁnit#éemmoa fartosn dfor epcﬁmp e, if

miltipath is & eaixeddéal mq;fdl@é:ﬁs &&n%lﬁétﬁo?egﬁadnulhpathfmbséa@m ¢ afttne
envi ronnent, such_as.. b

il o S ees REO n er
the radio channel rchxvgﬂ ﬁtﬂ'gng FX‘S thascﬁ e“ﬁ&kg‘% sfr g@\sawan other
rel ati‘'ve notion ofeceivedspulses.ur amshermlma@tem@c wﬁlthe paultipath rchenaehoisethat

if an i deal éém &R th?od fhe"¢HahAd] ﬁt‘é?rcahB@ atdlfféréfﬂrﬁﬁagﬂ oﬁ'»th&' D For
channel , the rec }{g st r,e m of uI S woul d .change i ml:q? ocat | on
attenuation, and examefﬁ an jde E{ﬁnsmge |?r‘éert?1z§¥'r’5tbrl’é‘ el, each

i mpul se was tlrGinspise aaf. the recexved streaiih@f rpulsespgeneraliy st 2 different gthase than
channel can resulgtﬂeprgéegm ding. 2 0 Fading is the result of the

phasi ng characteri sti | ti C curs, when
mul ti path vectors ar eﬁo‘g‘@o‘a E’s&lﬂiﬂefé pll;ﬁlp@ﬁaﬁgeated by r‘?dfgeEE‘POéﬁ @F@’fﬁ!ﬂl
that is smaller tfrom ebstheles lmdhe/edmbnment @uch fasrbuildings, dreesf cars, and people.
wave is transmtt I C ?i@g uitﬂ%

the first pat %hagpgn gtgt g}lr}augat‘ﬁB %lglrs% ggwgr}g‘qﬁl Qﬁ'f-‘e %lrler }3@%@
with a 2 5 praserelative motiong t?‘ersmc&ﬁﬁs Pﬁﬁhh AR &xammple, if an
attenuation fact oideal impulseXisiBransmitted over alie timpevarying ultipatia chanhelf the

f + t
e | e i e e Ty
anal og FM nDBmS&tqscﬂwf‘ErFﬁ!"B Sf"“%% vas ansmit stem;
the existence 3 0 of Théimﬂhpaﬂathsrarcferislhle ofadlichanhelncat réslﬂtlirtmgrﬂlsfadﬁrge

{jnl'l:c } IGPZF'I'I[‘] L:%’](pg Fﬁgg ® thé]? | SCI’I ﬁﬂ%ﬁ n %&EWC@{?I oﬂmsﬁocess I S

di scrimnation no adgnpscurs WhER Y VP? yegtors r?é'es SHuCHYeLY; dé!?’fﬁhng a
fadi ng but provi deseived aigreltthacistsmaller than either mdwxdual vector. For example, if a

sine wave is transmitted through a multipath channel having two paths
where the first path has an attenuation factor of X dB, a time delay of & with a

25 phase shift of © radians, and the second path has an attenuation factor of
X dB, a time delay of 8 with a phase shift of © + & radians, no signal would be
received at the output of the channel.

In narrow band modulation systems such as ‘the analog FM
‘modulation employed by conventional radio telephone systems, the existence

30 of multiple paths in the radio channel results in severe multipath fading. As
noted above with a wideband CDMA, however, the different paths may be
discriminated in the demodulation process. This discrimination not only
greatly reduces the severity of multipath fading but provides an advantage to
the CDMA system.

35 . Diversity is one approach for mitigating the deleterious effects of
fading. It is therefore desirable that some form of diversity be provided which
permits a system to reduce fading. Three major types of diversity exist: time
diversity, frequency diversity, and space/path diversity.
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the CDMA system 35 Diversity is one approach for mtigating the

del eterious effects of fading. It is therefore desirable that sone
. formof diversity be provided which permts a systemto reduce
' fading. Three™@§685268ypes of diversity exist: time di vE&FTUE/07567
i frequency diversity, and space/path diversity. WO 96/ 35268
: PCT/ US96/ 07567 4 ' 4 Time ~

diversity can best be obtained by the use of re'.petition, time . )
i nterl eaving, and er r oFimeodiversity rcaznbestcbe obtained oby rthevise: bf irepetitionctime

redundancy. A Sysﬁ@éﬁlé‘ﬁiﬁg} 8hd0eirBf dorfetioh ARNY edéteOionBb | Wik skkréduce
t hese techni ques as_a.,form %L?tl ne diversit

o5 o b
i nher ent i dabandSRERARETY fe IR CBRIFFISng Fie pibaggt inventign pasy FripIqy each of
spreadi ng t he si gthese tacbnigues e formi efdtitme diverdity. Therefore,

bandwi dch, oo | TDMRTy 6 SieR Ridiund Rdabe Sitlat D & fiffhency
mul tiple signal 1‘@"3{)“&% SRFA ﬂ%ﬁiﬂ‘é% 8Y| P A r&éﬁsan%a@fﬁ'e Jgﬁ?rp?ore,
t hrough two or nofrequency beleetive dadingsaffects onlgnplsmydlh partvof chenGDMA psigaal
apart antenna el eﬂ%{&ﬁi a single base station. Furthernore, path
di versity my be obtal ned by exploiting the nultipath_environnment
through spread ‘spect r (Rase Ginss paty diversity arg| objpined By sproviding: multiple signal
g@ ffer enéI pL g\r/lggapatha tHedpis sixﬂuhﬁne_romgh?dadfra:ﬁx aaﬁdnd}iéquzﬁsMu%QDﬁﬂ@belrMoﬁs
6 scussed abouc, SRR P ARG b g saceh g b edahs o
TELEPHONE SYSTEMa singlgcbasenstatiom Fugthermoreypsth diversity amay the. obtaimsd dyo
entitled "Dl VERSI dxpliftidg ieRnultipatiDMivironmertlthiduiR $hidalH-ipdetran® Prikessing
ssued April 28, Bo3owil B it U080ing wiR aiflfer? PRbPLSRiON ddilfs B 68 Sleived
15 and processed separately as discussed above. Examples of path diversity are
illustrated in U.S. Patent No. 5,101,501 entitled “SOFT HANDOEFF IN A
CDMA CELLULAR TELEPHONE SYSTEM”, issued March 21, 1992 and U.S.
Patent No. 5,109,390 entitled “DIVERSITY RECEIVER IN A CDMA
CELLULAR TELEPHONE SYSTEM”, issued April 28, 1992, both assigned to
20 the assignee of the present invention.
The deleterious effects of fading can be further controlled to a certain
extent in a CDMA system by controlling transmitter power. A system for base
station and remote unit power control is disclosed in U.S. Patent No. 5,056,109
entitled “METHOD AND APPARATUS FOR CONTROLLING
25 TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE
SYSTEM”, issued October 8, 1991, also assigned to the assignee of the present
invention. )
The CDMA techniques as disclosed in U.S. Patent No. 4,901,307
contemplate the use of relatively long PN sequences with each remote unit
30 user being assigned a different PN sequence. The cross-correlation between
different PN sequences and the autocorrelation of a PN sequence, for all time
shifts other than zero, both have a nearly zero average value which allows
the different user signals to be discriminated upon reception.
(Autocorrelation and cross-correlation requires logical "0" take on a value of
35 "1" and logical "1" take on a value of "-1" or a similar mapping in order that a
zero average value be obtained.) :
However, such PN signals are not orthogonal. Although the cross-
correlation essentially averages to zero over the entire sequence length, for a
short time interval, such as an information bit time, the cross-correlation is a
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The del eterious effects of fading can be further controlled to a certain
extent in a CDVA systemby controlling transmtter power. A systemfor base
station and renote unit power control is disclosed in U S. Patent No.

. 5,056, 109 WOPERS268 " METHOD AND APPARATUS FOR CONTROLLI NGPETAS96/07567

- TRANSM SSI ON PONER | N A CDVA CELLULAR MOBI LE TELEPHONE SYSTEM', i ssued

. October 8, 1991, also assigned to the assigneg of the present

. invention. The CDMA techni ques as disclosed in U S. Patent No.
4,901, 307 conmardemayariable with advinpaiiak disttiutiomg Ax\sucly the signals irterfere

each renot el U[“ t 3%1'&1 daeR' other rig ??@h%@%gﬁléj'ﬁg}ﬁhg%e?WSQI&’@ﬂ%y Wike wide
cross-correl ation ifferen sequences. an

aut ocorrel ation oibaﬁarws@\eﬁam npise aj | ef‘?fﬂﬁ% %&F&&Wr Thus the gther
bot h have a nearl wisee sigrals ey enutuhl intedferéncel hoise, ultimately linité ¢he nichievable

. signal-s to be § (;:5% ted upon reception (Aut ocorrel ation and
. cross-correl atlon r res I gmcal " take, on a value of 3 5_."1" and

. logical "1" take on a oW “bfheaa‘&th‘ﬁ aseh g ﬂ.%hmr@i&anarmauwes,
' zero average val ueade ofblellgohch,) for n any powémw\ﬁetanwhoﬂirﬁttﬁﬂﬁlsse

not orthogonal . Al "BR Space ABSIitfid '%W&%ﬁ%b%tdh?gﬁ;g&eﬁan

to zero over the 3 shor
such as an infor nﬁ’c“FoWﬁﬁdPH |4ﬁt-.54 45 (PJﬂ'ng@F\ﬁb Hmary sequence sets are algp known

96/ 35268 10 for most lengths which are multiples of four and 156 thafS8%6 HifrRifed. One

ntert o Z”d"m ot Eﬁéi’éﬁ&%ﬁhéﬂ%‘?@%@ﬁf b S U5k 5 B on

were w de knowicas Hadamard matrigest he sane power spectral density.
Thus the ot her uswmmﬂmuoarofr&uuah Cafilt! dEEr RcRivlly #4|fbllGTES! Y
limts the achievable 5 capacity. s wel %n he art
that a set of18 orthogonal binarw@paue CeW(n/Z),W(n/Z)
W(n/2) , W(n/2)
where W' denotes the logical complement of W, and W(1) = IO' I
20 Thus,
W(2) = 0,0
0,1 ,
25 0,0,0,0
W(4) = 0,1,0 1
0,011
0,1,1,0 ,and
30 0,0000000
0,1,0,1,0 1,0, 1
0,0,,1001,1
W(8) = 0,110,011, 0
0,000111,1
35 0,101,101, 0
OI Or 1: 1: 1' 1; 0, 0
0,110 1,00, 1
A Walsh symbol, sequence, or code is one of the rows of a Walsh
. 40 function matrix. A Walsh function matrix of order n contains n sequences,
each of length n Walsh chips. Each Walsh code has a corresponding Walsh
' index where the Walsh index refers to the number (1 through n)

corresponding to the row in which a Walsh code is found. For example, for
n=8 Walsh function matrix given above, the all zeroes row corresponds to
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each of |l ength n, for n any power of 2 can be constructed, see Digital

Conmmuni cations w t
I nc., 1964, pp. 45

h Space Applications, S W CGolonb et al., Prentice-Hall,

-64. In fact, orthogonal binary sequence sets are al so

known 10 for wipsdast@gndt hs which are nmultiples of four and | eggaisbédrsd o

hundred. One
call ed the Walsh f

cl ass of such sequences that is easy to generate is

uncti on, al so known as Hadanard matri ces.

A Wal sh function of order n can be defi ned recﬁrsively as follows: 15

[err] wher e wiisH3RALES ahﬁet[l'%??}afsﬂ cSRPHETED, U, ¥ BN, W ddrramploRtib o

2 0 Thus,

synbol , sequence, Walshdpdex5one of the rows of a Walsh 40 function
matrix. A Wl sh functi oA Walkhxfunictiondatatrixcofiozders m (s qesih@ssother orthegdnal

of length n Wl sh
I ndex where the_Wa
correspondi ng td t

10

15

20

25

30

35

Wy O bt ) 506 B 08 g o n i, e
ceossRaTTelatign betwiesm pll he different; seanencesowithin the set iy zero.
This can be seen by noting that every sequence differs from every other
sequence in exactly half of its bits. It should also be noted that there is always
one sequence containing all zeroes and that all the other sequences contain
half ones and half zeroes. The Walsh symbol which consists all logical zeros
instead of half one's and zero's is called the Walsh zero symbol.

On the reverse link channel from the remote unit to the base station,
no pilot signal exists to provide a phase reference. Therefore a method is
needed to provide a high-quality link on a fading channel having a low
Eb/No (energy per bit/noise power density). Walsh function modulation on
the reverse link is a simple method of obtaining 64-ary modulation with
coherence over the set of six code symbols mapped into the 64 Walsh codes.
The characteristics of the terrestrial channel are such that the rate of change of
phase is relatively slow. Therefore, by selecting a Walsh code duration which
is short compared to the rate of change of phase on the channel, coherent
demodulation over the length of one Walsh code is poésible.

On the reverse link channel, the Walsh code is determined by the
information being transmitted from the remote unit. For example, a three bit
information symbol could be mapped into the eight sequences of W(8) given
above. An "unmapping” of the Walsh encoded symbols into an estimate of
the original information symbols may be accomplished in the receiver by a
Fast Hadamard Transform (FHT). A preferred "unmapping" or selection
process produces soft decision data which can be provided to a decoder for
maximum likelihood decoding.

An FHT is used to perform the "unmapping" process. An FHT
correlates the received sequence with each of the possible Walsh sequences.
Selection circuitry is employed to select the most likely correlation value,
which is scaled and provided as soft decision data.

A spread spectrum receiver of the diversity or "rake" receiver design
comprises multiple data receivers to mitigate the effects of fading. Typically
each data receiver is assigned to demodulate a signal which has traveled a
different path, either through the use of multiple antennas or due to the
multipath properties of the channel. In the demodulation of signals
modulated according to an orthogonal signaling scheme, each data receiver
correlates the received signal with each of the possible mapping values using
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n=8 Wal sh function matri x gi ven above, the all zeroes row corresponds to

WO 96/ 35268 PCT/ US96/ 07567
6 Wal sh index 1 and the Wal sh code O, O, O, O, 1, 1, 1,.1
corresponds t @oogmasegVal sh i ndex 5. A Wl sh funcipcgrsbgiizsér< of
order n (as well as other orthogonal functions of length n) has the

property that ‘over the interval of n bits, 'the7 5. cross-correlation,

between all the different sequences within the‘set is zero ' This can
be seen by noting t 1 ik eBER Jarté’%é’eY\?éry diibined and selection
sequence in exactly al Its b|t ; d alglo t hat tggre

al ways one s&HFEHER tSS}q‘ﬂ:sn edF}OS amgtv PP 3%ed A argest
sequences contain combinédh mmdplnadﬂcezaadmduﬁted ¥oit elecisiomsymbdli ch
consists all | og| cal ze r S agﬁh]e

the Wal sh zero W%&%skﬂ?&%ﬁbﬁ& thbégge}:?tr?ﬁp ﬂh’;?ﬁ@???otrln{et anal
renote unit to me%?ﬁ%blt per secqwsl ggmaafmgmcw Glénqﬂ\earmveee‘a y

phase reference. Tfaefaté a/8 forward efrorscorrectionn@ieldr tto 428,800/ 8ymbols per second

hi gh-quality Iink

bit/ noi se power densf?""l gﬂé&ﬁsﬁiﬁunc% | on rmq’gul baélndc?natl%%%g f‘g%}g &éow}?h
is a sinple method symheds persepgndeaghy }ﬂﬂ elﬁchng one of sivyeioun erthog

the set af six codeyalhbfilrictiohgPEat idre Gik chijflen duratlonThThe Walsh

characteristi CTOOf he e”e%ﬂﬁ' al “Fﬁgnne EN t he rate,of giéalg g
of hase afed re 8P speﬁ efﬁq Ce, BRUPTAIOL. er
duration \R/m ch Spetltflcsﬁ‘§? qu@wad@atadstﬂmen rgﬁ into Mar@gnds, phesd which is
the channel, coher qhbddlabed HEMR G B Hssé)wrchhhﬁeﬂ PN b&quitince thd \Bhé bfCRilfch is

i s possible.

e reve sh code
det erni ned by the modula]t%aqz 4 8Ha 'ﬁﬁs@]&m Wﬁ?&%ﬁ"n 3‘@% ithe 1
For exanple, a thr«haphel modulation @ndatheoQ charirel modulation pegvidel four FN Ichips

ei ght sequences 50f [ﬁéﬂ-BWeﬂéﬁl%ﬁl with £0.2988 M¥lz PN"@ehdthg Pite! "Th¥A ad the Q
encoded synbols in modulafed At arecgffset Quadrature Phase Shift Keying (OQPSK) combined
for transmission.

In the CDMA cellular system described in the above-referenced U.S.
Patent No. 4,901,307, each base station provides coverage to a limited

20 geographic area and links the remote units in its coverage area through a
cellular system switch to the public switched telephone network (PSTN).
When a remote unit moves to the coverage area of a new base station, the
routing of that user's call is transferred to the new base station. The base
station-to-remote unit signal transmission path is referred to as the forward

25 link and the remote unit-to-base station signal transmission path is referred
to as the reverse link.

As described above, the PN chip interval defines the minimum
separation two paths must have in order to be combined. Before the distinct
paths can be demodulated, the relative arrival times (or offsets) of the paths in

30 the received signal must first be determined. The channel element modem
performs this function by "searching” through a sequence of potential path
offsets and measuring the energy received at each potential path offset. If the

. energy associated with a potential offset exceeds a certain threshold, a signal
‘ demodulation element may be assigned to that offset. The signal present at
. 35 that path offset can then be summed with the contributions of other

demodulation elements at their respective offsets. A method and apparatus
of demodulation element assignment based on searcher demodulation
element energy levels is disclosed in co-pending U.S. Patent Application
Serial No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT
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2 5 the original information synbols may be acconplished in the receiver

by a : Fast Hadamard Transform (FHT). A preferred "unmappi ng" or )
sel ection process produces soft decision data which can be provided
to a decoder fg, maxi num | i kel i hood decodi ng. roNdebggy | S

PCI
used to perform?ﬁ’s unmappi ng" process. An FHT 3 0 correlates the
recei ved sequence with each of the' possible V\al sh sequences.
Sel ection circuitry is errpl oyed to select the. fbst i kel y correl ation

val ue, whi ch g Kcay8 Ct:RPSA‘ﬁLCifIQ? S%géﬁivﬁé AR SIGNALS," filed

A spread spectrum rece| ver 0 he "divers ] rece| ver design
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si tgﬂal I ”ﬂ s]cchtege eae{véﬂgtaa th@ctﬂsefgfauon Thé Veftidablafis # §eﬁ€§3t}\ée§oﬁrbﬁ@ééelved
Wi each o e pogsi HES pusin

PCT/ US96/ 07567 ciemb@?gﬁf&:a?( honzo:qtal axis representy tﬁe %Ge?a y,in theparrival
The FHT outputs of tmerofdumsignakbdue ve multipatiodelays d The @xiscelnet shown) going into the
circuitry then sele + I aﬁécans ﬂ%aﬁ.le?,e el

| ar gest (‘10671) g_ﬁ%e fﬁeﬂ&?&oa&s . g:l:‘%‘r gég?l}%% PH}? l%lz‘.’l:gér §eC| Ene ::I:o::
synbol

5,103, 459, the cal | unitgatala dlfﬁerehegnne aina Qﬁﬁﬁnbntplpae, ;:eabs\dm tHeorighti were

source which is t he&gﬁ%ﬁ*ﬁ;& Efjaméarhetdhm@ ByRiie feo qm@%r? ﬂEs fd)&{ﬁbﬁ%ﬂ Ofor

encoder t-o a 28, 800 S per .secon out ut strea ese S
are grouped 6 at a ®f pleo 15: Infmestvmeal, spike i Ert%é‘é%n"&”feéﬁ??“ﬂy

Val sh symbol  sel ecttragsmttmd)ﬁlgmakt Eath sigreal tsptigo2ia? has travéléd ahdifferertti path and
that are sixty- f?‘” dﬂ'fEréf\f BHm &r&ﬁ \QﬂdSQ ----—-uuf‘a'i!:'uﬁl&ua&eresponse

modul ated with a usgr-specliic ener r e
'ﬁn sgc g nt s1gna‘i %p S re resente& %y spikes 2 7 are representative of
a severe multipath environment. Typical urban environments produce

fewer usable paths. The noise floor of the system is represented by the peaks
and dips having lower energy levels. The task of a searcher element is to

20 identify the delay as measured by the horizontal axis of signal spikes 2 - 7 for

' potential demodulation element assignment. The task of the demodulation
element is to demodulate a set of the multipath peaks for combination into a
single output. It is also the task of the demodulation elements once assigned
to a multipath peak to track that peak as it may move in time.

25 The horizontal axis can also be thought of as having units of PN offset.
At any given time, the base station receives a variety of signals from a single
remote unit, each of which has traveled a different path and may have a
different delay than the others. The remote unit's signal is modulated by a
PN sequence. A copy of the PN sequence is also generated at the base station.

30 At the base station, each multipath signal is individually demodulated with a
PN sequence code aligned to its timing. The horizontal axis coordinates can
be thought of as corresponding to the PN sequence code offset which would be
used to demodulate a signal at that coordinate.

Note that each of the multipath peaks varies in amplitude as a function

35 of time as shown by the uneven ridge of each multipath peak. In the limited
time shown, there are no major changes in the multipath peaks. Over a more
extended time range, multipath peaks disappear and new paths are created as
time progresses. The peaks can also slide to earlier or later offsets as the path
distances change as the remote unit moves around in the coverage area of the
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specific PN nodul ated data is then split into two signals, one of which is
nmodul ated with an in-phase (1) channel PN sequence and one of which is
nodul ated with a quadrature-phase (Q channel PN sequence. Both the |-
channel nodul aiigygnageeg t he Q channel nodul ation provide four BirRRésRIse715
per Wal sh chip with a 1.2288 Miz PN spreading rate. The | and the Q

nodul at ed data-are O fset Quadrature Phase Shifi Keying (OQPSK) conbi ned
for transm ssion. In the CDVA cel l.ufar system described in the
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call i.s transferred to
station-to-renot® uMansEiteramay empleysasveeoding syptem which epcodes;voice information

forward 2 5 link and \idiﬁbl@fﬁl&Efottﬂai. Fér brafipk, #he aatasmeahay béﬂébeefﬂ @ile to
path i*s referred

h |
oAt 1 121720 ooyt ok ol R e data e efieEs, B dekel of
nust have in order infetferenceaitpather B&@r@uﬁefbbﬂ’ thei remote unit tyamsindssions. bAt the

denodul at ed, the rei‘éﬁei@ %ﬁ:réﬂ‘:@i’wislenﬁé‘soﬁﬁie&fvfrﬁﬁt% fﬁceiv'é? Ry b ding em is

e 5 6 iy i i, e A o
of fsets and measuri nyomshenengy-mmfematmaaaihnpcm’entmadtumbfl theé ftwmt malyf be
t he ener gy assﬁﬁgﬁm\éa tthe fefBtLBhital of fset exceeds a certain

t hreshol d, a signal uIa n el enen y be, assigned. to that

of fset. The signal preseft V8?° %"SWL‘\‘ t‘spsa‘PFF‘{)ff?E@tPP&ﬁ“PﬁeW g@ssﬁmmh 18
the contributions oflesdribed in copenditegili| prterdrapplieation Serinl Noei08/363;170¢ entitled
of fsets. A methpg a BLE'RATE VOCO) Rdm&%@éeh%r%ewﬁaﬁ& SERAEL ko the

based on searcher demqdul at1 o&ﬁ enent en I ev;f S 1S
co-pending U.S. Pat éﬁ’t‘gﬂfﬁ)lq cthte present m"eSEPP'aI S vospden rsoduees f{‘?‘@d‘hgﬁal
" DEMODULATI ON EL EVEsAmpBS| Gi\ilie\Voice information encoded data at four different rates, e.g.

approximately 8,000 bits per second (bps), 4,000 bps, 2,000 bps and 1,000 bps,
based on voice activity during a 20 millisecond (ms) frame. Each frame of
20 vocoder data is formatted with overhead bits as 9,600 bps, 4,800 bps, 2,400 bps,
and 1,200 bps data frames. The highest rate data frame which corresponds to
a 9,600 bps frame is referred to as a "full rate" frame; a 4,800 bps data frame is
referred to as a "half rate” frame; a 2,400 bps data frame is referred to as a
"quarter rate” frame; and a 1,200 bps data frame is referred to as an "eighth
25 rate” frame. In neither the encoding process nor the frame formatting process
is rate information included in the data. When the remote unit transmits
data at less than full rate, the duty cycle of the remote units transmitted signal
is the same as the data rate. For example, at quarter rate a signal is transmitted
from the remote unit only one quarter of the time. During the other three

30 quarters time, no signal is transmitted from the remote unit. .
The remote unit includes a data burst randomizer. The data burst
randomizer determines during which time periods the remote unit transmits
. and during which time periods it does not transmit given the data rate of the
signal to be transmitted, a remote unit specific identifying number, and the
' 35 time of day. When operating at less than full rate, the data burst randomizer
within the remote unit pseudorandomly distributes the active time periods
within the transmission burst. A corresponding data burst randomizer is also
included in the base station such that the base station can recreate the
pseudorandom distribution based on the time of day and the remote unit

_)
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WO 96/ 35268 PCT/ US96/ 07567
8. | N A SYSTEM CAPABLE OF RECEI VI NG MULTI PLE SI GNALS," filed .
COct ober 28,1993, assigned to the assignee of the present invention. Such a
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o unit arriving at the base station. The rtical axis represents the
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di fferent anplituderemaiponnid. OPeratmg imdull gate teasmits spghauaﬂw kém this way,
represent ed by Spl k@gardless’ ofl the drtac38Me! of ithe Ghnsmitted sagﬁﬁyeéaehﬁﬁ tﬁehhd
~environnent. I nvi r.en produce

The notse 11 oof St SorieeBRRHER ol AR TBHAG REBABE spre o, conrEond &4

havi ng | ower ener gycqr@sppg mgmema@kuuit is wansmittingea signal. Further dZEtﬂls on the

I7 dfent ify the delt ayt&a&? r@%ﬂg&%&ﬁh&h%ﬁ%@ﬁg&&%lmm k@@l&amm
or otentd a (o)
denodul ati on P é ngho béﬁ%’%@e Q‘Fg 26 filed

for conbination i ntlbug-lst 16, 19945 and) lassignech ta thel assigneelof she peesenisimm\’abme
- denpdul ation eljgrents O'TEﬁccﬁﬁéhﬂr@gtem resourdés fﬁrgﬁﬁu b Bata o Foite bandhis ns, the

that peak as it may nove i nt aI XIS, can_a
be thought of as haF@F}‘?ﬁe b‘H“tté %fnqimfm&#‘e rate%ore éﬁ‘}‘egl fP‘F?éhetf%Wer
base station recei vmustadetermirieythe fraiei ajrwhich fthe data wasgheoded and transmitéed based

uni t, each of whi Clae &é&%@ggg}aﬁgsftﬁate&{e Pelve? HaaOB N1l Y6odiler o &lop:bfery

O el e e b ToEPLmeire boREP R Ao OLg L e 3
station. 3 0 2& twhichdsurstidatd was encodediwithpat keceivjng|rate infotinatiomfrom the.
denpdul ated Wi th a transmitte’NsSQBURBE® HOES-prhi e V.50 Patént! $&FidA1INo] 108 /233,570,
horizontal axis coof iy AETHOD AND APPARATUS FOR DETERMINING DATA RATE
OF TRANSMITTED VARIABLE RATE DATE IN A COMMUNICATIONS
RECEIVER" filed April 26, 1994, and assigned to the assignee of the present

25 invention. The method of determining data rate disclosed in the above
mentioned patent application is performed after the signal has been received
and demodulated therefore the rate information is not available during the
searching process. '

At the base station, each individual remote unit signal must be

30 identified from the ensemble of call signals received. A system and method
for demodulating a remote unit signal received at a base station is described,
for example, in U.S. Patent No. 5,103,459. FIG. 2 is a block diagram of the base
station equipment described in U.S. Patent No. 5,103,459 for demodulating a
reverse link remote unit signal.

35 A typical prior art base station comprises multiple independent
searcher and demodulation elements. The searcher and demodulation
elements are controlled by a microprocessor. In this exemplary embodiment,
to maintain a high system capacity, each remote unit in the system does not
transmit a pilot signal. The lack of a pilot signal on the reverse link increases
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be thought of as corresponding to the PN sequence code of fset which would
be used to denodul ate a signal at that coordinate. Not e
that each of the nultipath peaks varies in anplitude as a function 3 5 of
time as shown neven ridge of each multipath peak. In d
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PCT/ US96/ 07567 remote unit signal may be received. Typically, a pilot signal is trapsmitted at a
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In a typical wirkel echarnel signa contrast,cideally ach eemoteanit dramsmitsrd reverde li
transmtter nmay enp ﬁ@{,,&p [ q%;,ég :

in a variable rate %igﬁaﬁvﬂﬁ O%‘riéiggéxfi’d?@ atlg%r1 chB %‘% ];)ower e c?lved
pauses in the voice from |eVFBS/°ﬂ\Q¥eIWMSr%t Tefore %\?F}Se% lpWesigaglto ppise ratio.
interference to ot hAlso)sepioicchamew] hﬁnﬁi&&sreknbmmqheﬁcfemﬁdhﬁﬁWi&louﬁtﬂ\é@ﬂ

receiver, or otherw Eﬁ;_,_ﬁ fﬁna

10 errpl oyed for re?on ?ﬁ%% %M\%g% ce |n or rr'?r[e aﬁp\l’ éiBﬁi 42 may
voi ce i nfldf mehavm! %Wﬁm&‘é‘* ‘nformation al one or a mxture of t he

two may be transmmci éhowm egdphry @nibodiment of a prior aft baseadgtion. The

which is suited foryg t i r

copendi ng U S paten%@ (R o I 2 n%%* ﬁ%@?‘é@%ﬂ% 12, rocel{ilg CfA rhverse
"VARI ABLE RATE VOCOiER @&@s‘lﬁnbﬁ l‘xplcaljmndoaasbaagrsé@mrbs coRerage area is
assi gnee of the pr eﬁlﬂﬁlt mtavcﬁfée Qnﬁb-ré@ibﬁs CaNAd REctBFRUWEHRR WP Hhéndhs Per sector, a

sanples of the ygi C?y[h@al%ase géaggn %gd 0k Pe%efvg %teq{ﬂcafserl‘?\e treldibed slgnalg are
down-converted to baseband by analog receiver 16 that quantizes the received
signal I and Q channels and sends these digital values over signal lines 18 to
channel element modem 20. A typical base station comprises multiple
channel element modems like channel element modem 20 (not shown in

20 FIG. 2). Each channel element modem 20 supports a single user. In the
preferred embodiment, channel element modem 20 comprises four
demodulation elements 22 and eight searchers 26. Microprocessor 34 controls
the operation of demodulation elements 22 and searchers 26. The user PN
code in each demodulation element 22 and searcher 26 is set to that of the

25 remote unit assigned to that channel element modem 20. Microprocessor 34
steps searchers 26 through a set of offsets, called a search window, that is likely
to contain multipath signal peaks suitable for assignment of demodulation
elements 22. For each offset, searcher 26 reports the energy it finds at that
offset to microprocessor 34. Demodulation elements 22 are then assigned by

30 microprocessor 34 to the paths identified by searchers 26. Once one.of
demodulation elements 22 has locked onto the signal at its assigned offset, it
then tracks that path on its own without supervision from microprocessor 34,
until the path fades away or until it is assigned to a new path by
microprocessor 34.

35 For the system of FIG. 2, each demodulation element 22 and searcher 26
contains one FHT processor 52 capable of performing one FHT transform
during a time period equal to the period of a Walsh symbol. The FHT
processor is slaved to "real time" in the sense that every Walsh symbol
interval one value is input and one symbol value is output from the FHT.
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approximately 8,000 bits per second (bps), 4,000 bps, 2,000 bps and 1, 000

bps, based on voice activity during a 20 mllisecond (nms) frame. )

 Each frame of 2 0 vocoder data is formatted with overhead bits as 9,600

' bps, 4,800 bpsyodssieés PPS, and 1, 200 bps data franes.

_rate data frame which corresponds to a 9,600 bps frane-is referred to

“as a "full rate" frame; a 4,800 bps data frame# referred to as a
"half rate"” frane; a 2,400 bps data frane is rdferred to as a

‘quarter rate” fra”‘?her%fB}e,atol £ Fhsréi%lhas 58“% Jﬁoéﬁgeﬁ{o‘?g thin BhePdbarcher 26

"eighth 2 5 rate" fra e s nor the fr
formatting process must gel"?eaa[%#‘rﬂ{ ! lscttﬁembqparow 4 the

renote unit transmitesults of thelsdazctait performsh aMidroptocessor 34tthbuldtdsythesectesults for

the remote units trans AN,

exanpl e, at quarter raﬁe |% I tOfdemOd‘ﬁ?%&S t??.z etpge ré{'ﬁ% E'Eﬁ%
only one quarter5 of the IFIEFE Dﬂpqmemnbsfatl%repﬁpeb'om demgdulationselement 22 is
no signal is transniidves, bapshotkd bertm&ermlou to apply to searchbb$ 26S40WRIIL NEdch

i ncl udes a data bu dat random zer

det ermi nes during %%ﬂaﬂpﬁghp%?‘%gi?ﬁés &ﬂﬂffhﬁ m#;gment modep has a
during which tine pearrespondingdoB Q Phheaquence generator 3628% andtthe oler-$pecific
si gnal to be transnpt gk Ator B0 th&PB Giskd o is at m&umhﬁf ufftd User-

3 S g dsaﬁ#m%ffa“%ms gy ke e

the active tine permgt of I PN angd tQPIN St:plemcalgsnemmmmibmdﬁs tofproduce PN-T' and

correspondi ng data PNLQ! sdg@eaess that atSp %ﬁ&ed to deﬂzfeﬁﬁéxuﬂﬁd'l'h@tgﬂﬁ\ ence of
station such that t ase st %1%% @ cre seudo
d

ndo
di stribution based on SHERPH PgS%Frﬂftthe assigne a{nSO that

96/ 35268 despreader 46 correlates the recelved I and Q chaRfiél aidehihA samples with
10 speci flig i Ty
15 | gyl aﬂwm@eﬁ% i ansm@é@ﬁv@f}ﬁmﬁ%ig&eﬂrﬁﬁi@l%ﬁs% Four

priori, of the ata rat
eighth rate time pef g‘ﬂﬁ*ﬁ@ﬁ?ﬁﬁ? AutPAts, foETesp %ﬁ?ﬁﬁe g‘?‘HLE)N(ﬂl“PS per Walsh chip,
are summed to form a single Walsh chip by accumulators 48 and 50. The

accumulated Walsh chip is then input into Fast Hadamard Transform (FHT)
processor 52. When 64 chips corresponding to one Walsh symbol have been
20 received, FHT processor 52 correlates the set of sixty-four Walsh chips with
each of the sixty-four possible transmitted Walsh symbols and outputs a sixty-
four entry matrix of soft decision data. The output of FHT processor 52 is then
combined with those of other assigned demodulation elements by combiner
28. The output of combiner 28 is a "soft decision” demodulated symbol,
25 weighted by the confidence that it correctly identifies the originally
transmitted Walsh symbol. The soft decision data is then passed to forward
error correction decoder 29 for further processing to recover the original call
signal. This call signal is then sent through digital link 30, such as a T1 or E1
link, that routes the call to public switched telephone network (PSTN) 32.
30 Like each demodulation element 22, each searcher 26 contains a
demodulation data path with an FHT processor capable of performing one
FHT transform during a time period equal to the period of a Walsh symbol.
Searcher 26 only differs from demodulation element 22 in how its output is
used and in that it does not provide time tracking. For each offset processed,
35 each searcher 26 finds the correlation energy at that offset by despreading the
antenna samples, accumulating them into Walsh chips that are input to the
FHT transform, performing the FHT transform and summing the maximum
FHT output energy for each of the Walsh symbols for which the searcher
dwells at an offset. The final sum is reported back to microprocessor 34.
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time periods. Arenote unit operating at quarter rate transmts during the
5. worthy group tine periods and anot her set of pseudorandomy distributed,
periods. Arenpte unit operating in half rate transmts during-the quarter
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associrat ed vocoder K
met hod of determ nlwﬁ@;}éﬂ]ﬁm ?RP&%BQ% 1{5&?‘%‘{‘&3&% J\)Naépencoag?te{n%%&!on
receiving rate infflementsassigamentas described im ahpve mentiongd s-'@rm@ansﬁls Patent

co-pending U S. Patag I\FRI &ionSerddd N@@gzmm entitled "METHOD AND
APPARATUS FOR TER I

DAT. JTEQ VARI ABLE. RATE DATE,
"N A Comn catloe  Thedulidipith e‘?‘f‘f‘&?}"%tr 8 "%M‘}B’gg‘%ﬁgé‘és Femqte unit
the assignee of t heanst ethenreflestiviernbjerts move Bboutrin Hgibase station noverage deeaa The
rate disclosed in t{@mBEPWI searchesTHIHt AARY B ipRMoraRRl i abi DY e %@ﬁofdﬂfﬂxd
after the signal has eeaghr ec§ﬂved &agl at ed llt:’her fore ahe rb Sh
information is not ’HV&P iRgugheo v aﬁagﬁ 4o good use by the
At the base stati ordersedulationi eletheats.r Pmithe other bagdathemmm & @emodulation
i dentified fropg heblaaéﬁcml equitedGalal furictiBA | of thevrﬁnm& of pahs f5RhB be

doscribed. | { R %pw poipl B B eek g heads, 2o st o FIG, 2 has two
bl ock di agr am of t mmhses 26 and Qmeidmdu&pnqmdﬁmemgzrfobedch of (8 démodulator
) L5745 M ARALS Cs) sk RS AT e
sea)rlgher aP\d demdu‘flbﬁﬁsiﬁ?@}e@ﬁ?ﬁf @% ei%ﬁmma g@%ﬁﬂﬂ&ﬁf? tyyelve processing
el enents are c8ié r slémentsy contains: 8 ompletsy demodulation alataypadh,y irohisdistigntive: FHT
to maintain a high sp6eésBi wiak ithes #3618tV e la8gd) Tobtly Anidifnht OfS4re it ARDHIdAbNt
on an integrated circuit. In addition to the four demodulator IC's the channel
element modem also has a modulator IC and a forward error correction
decoder IC for a total of 6 IC chips. A powerful and expensive microprocessor
25 is needed to manage and coordinate the demodulation elements and the
searchers. As implemented in FIG. 2, these circuits are completely '
independent and require the close guidance of microprocessor 34 to sequence
through the correct offsets, and handle the FHT outputs. Every Walsh symbol
microprocessor 34 receives an interrupt to process the FHT outputs. This
30 interrupt rate alone necessitates use of a high powered microprocessor.

It would be advantageous if the six IC's required for a modem could be
reduced to a single IC needing less microprocessor support, thereby reducing
the direct IC cost and board-level production cost of the modem, and allowing
migration to a lower cost microprocessor (or alternately a single high powered

35 microprocessor supporting several channel element modems at once.) Just
relying on shrinking feature sizes of the IC fabrication process and placing the
six chips together on a single die is not enough. The fundamental
architecture of the searcher needs to be redesigned for a truly cost effective
single chip modem. From the discussion above, it should be apparent that
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traném’t a pilot signal. The lack of a pilot signal on the reverse |ink
| ncr eases WD 96/ 35268 o
PCT/ US96/ 07567 11 . the time

needed to convesnseesurvey of all possible time offsets at Weicksdsnrssy
renote unit signal may be received. Typically, a pilot signal is

~transnitted at a hi gher power than the &éafflc bearing signals thus
~increasing the signal to noi se ratio of *The received pilot signal as
- conpared to the reogere/ g6l d haédifer a 51 @h@mehélaaaaﬁ&cekﬁngozfﬁ%ﬁ&ﬁ that can

~ideally each rerm mt@ransmt reverse

S| gﬁ
arrives with a po fmea 0‘s \/ﬁ?lu P’@Fé‘ af & lowex, cost and fifofymore
every ot her renot eamhﬂtctutﬁlyeéﬁlcmﬂtanamra | ow signal to n0| se ratio.

Al so, a pilot channel tm

Si ;nal, Itohe se rchlﬁsprﬁgﬁ@igﬁﬁﬁiﬁ%g%m calaﬁcsl %%Egsi%;arge
ma 10 have

en%odl ment of a priwmbenstoftuffsetssthat potentially contain nhaltipat 8f h GcedVed b4l s1§na
h e antenn

s?énglng 221 rr‘?';/pl cal iﬂ? % lﬁ’% aseggg{a%/?on &%‘%SQP%agfﬁh’éﬁgeg”PsmqﬁhPa&sﬂml
into three sub-regvBick ‘éaﬂ'#l@@%@étﬂir@ upknewn,variahle ratesanst is subjected ta pdwér

typical base staticomtiols a total of six receive antennas, The received
signals are 10 down-converted to baseband by anal og receiver 16 that

quanti zes the received si GEMMARY OFFHEINVENTIONS t hese
digital values over signal lines 18 to channel el enent nodem 20. A
typical base station cdherpresentninventior is a metinfthof séarchi gﬂ&h Hpath! éiﬁnal

Channel e' ement Wﬁa‘ t(' lmavm ungJQCiwnF‘La?'b EaC nelte&' ene r
it a1 Figbld ratg i B FRcted of v

nodem 20 supports a sSi ngl user.
el enent m)derri ORfrolse poﬁgarchm éhﬂﬂil}ﬁa]mm Bl dhathno atempd 1e|19hde to

sear chers 26. M crsgm:hmaﬁzortha%eﬁﬁfﬁmw rocess tol fifeORREWNI €8 c%i'ltam data The
denodul ati on el engy &5%% ﬁ%q"’é% { E’E The user
denodul ati on el ement % searc er %

gg{”ef quﬁlgﬂl\f groyn, é)oun%anes 50 I{:\-lat

accurate power estimates can e made.
20 BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

25 identify correspondingly throughout and wherein:

FIG. 1 represents an exemplary severe multipath signal condition;

FIG. 2 is a block diagram of a prior art communications network
demodulation system;

FIG. 3 represents an exemplary CDMA telecommunications system

30 constructed in accordance with the present invention; '

FIG. 4 is a block diagram of a channel element modem constructed in
accordance with the present invention; '

FIG. 5 is a block diagram of the search processor;

FIG. 6 illustrates the circular nature of the antenna sample buffer using

35 afirst offset; _

FIG. 7 illustrates the circular nature of the antenna sample buffer for a
second accumulation at the first offset of FIG. 6;

FIG. 8 illustrates the circular nature of the antenna sample buffer for a
second offset;

40 FIG. 9 is a graph showing how the searcher processes the receiver input
as a function of time; .
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2 5 renpte unit assi gned to that channel el enment nodem 20. M croprocessor

34 steps searchers 26 through a set of offsets, called a search .
wi ndow, that is likely to contain nmultipath signal peaks.-suitable for
assi gnment of vwogpgskadsat i on el enents 22. For each of f setpeidbaRes 26
reports the energy 1t finds at that of fset to m croprocessor 34.
Denodul ation etements 22 are then assigned by 30 .mcroprocessor 34 to
the paths identified by searchers 26. Once oneldf "~ denodul ation

el enents 22 has |ocked gpsog igeaﬁbae ePhmm S SEINGAA G

then tracks that path OE:I¢tS [¢] Qe Sl é{om méroprocessor
34, until the pat S| ?%8ﬁ egpkeade; a new path
by m cr opr ocessor FR3. 12i§a5block rofttheséateh&meﬁilt pkéeessbr; each

denodul ati on el enent 22 r I, 52
capabl-e of perform ng o@ taarlgtl am°fﬂl§1%$ &}e&ﬁ@&ﬁ%ﬁéﬁ%@@
the period of adWal sh s¥iBol4 lsmémmg iagram shewing epsommosequenc:eedepmte

time" in the sense ih!/HG. Byshowitdl gle Eottdpondin statéstﬁfé’é&axﬁ%nﬁﬂllls Selements
.~ input and one synbqgl_ val u damﬁd)%put from-the V\D 96/ 352

© PCT/ US96/ 07567 ~ Presente
Therefore, to provide aﬂﬁplﬁlsmlmma@v@bhckshagmdﬂ'ha&atquJmeeasoher 26

nmust -be used. Each of searchers 26 sucpa es back to mcro rocessor 34 t he
resul ts of thel8earch i DESGRIFEION QF Tk PFREFERREDy

results for use in the assignment of denodul ation el errents 22 to t he
i ncom ng signal s. 5 In the followingsdescription ioft 2 methodt and tsysteno ffoo prgcessiag

denodul ation el em?%leﬁﬂoﬁécalls withi tai)Wnei@é&Uﬂeﬂe %nH eﬁ{o@ﬂu&ﬁ %?&E%%es

to searchers 26 as _we enent ear c

d lon e
of the channel el er?é?nm%?jg%ﬂf&gesées an SteB%r(ﬁ‘ pEhBEHGIe €2) fonpchieve a
sequence gener hfor desired reswit.t fieshoadd hepundénstood that suphl rememased@nnedesnmbe

40 that is used tOomfh&k! adidhey tdzc%aﬁg hETBUS &FY (dird&8a- towhrds b’ bperdtibn,

sequence out put 40 4 Sdlé%gn l%}/ui)irans?orma?txg'r? o van%fis nggtenssh&cludmg and especially

those systems which process electrical and electromagnetic signals and

charges, optical signals, or a combination thereof. Fundamental to such

20 systems is the use of various information storage devices, often referred to as

"memory”, which store information via the placement and organization of

atomic or super-atomic charged particles on hard disk media or within

silicon, gallium arsenic, or other semiconductor based integrated circuit

media, and the use of various information processing devices, often referred

25 to as "microprocessors,” which alter their condition and state in response to

such electrical and electromagnetic signals and charges. Memory and’

microprocessors that store and process light energy or particles having special -

optical characteristic, or a combination thereof, are also contemplated and use
thereof is consistent with the operation of the described invention.

30 The present invention can be implemented in a wide variety of data

transmission applications and in the preferred embodiment illustrated in

FIG. 3 is implemented within system 100 for voice and data transmission in

which system controller and switch (BSC&S) 102 performs interface and

control functions to permit call communications with remote units 104

35 through base stations 106. BSC&S 102 controls the routing of calls between

public switched telephbne network (PSTN) 108 and base stations 106 for

transmission to and from remote units 104.

FIG. 4 illustrates channel element modems 110A - 110N and other

elements of the base station infrastructure operating in accordance with the

40 CDMA methods and data formats described in the above-referenced patents.
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output of I PN and Q PN sequence generators 36 and 38 to produce PN-1' and
PN-Q sequences that are provided to despreader 46. The tim ng reference of
PN generators 36, 38, 40 is adjusted to the offset of the assi.gned signal,
so t hat wé der 46 correlates the received | and QpghRiso&drs67
antenna sanples wt 15 the PN-I' and PN-Q sequence consistent with the
assi gned signal offset. Four - of the despreader outputs,
corresponding to the four PN chi ps per Wl sh i p, are sumed to

forma single Walsh ﬁ ! itYofHrEeHr aagap?oégi# ¢ sigRaCHRoPdrkflog

Wal sh chip is then i nto
processor 52. V%en“@&s%‘ﬁt??sfeéﬁ‘ﬁ’%yﬁﬁ?ﬁﬁeﬁﬁrly%nm §F1H§\F]@Vﬁé'éﬂm’?ts

0 received, FHT precesslinksigrealrildl i basebhnd srid snfmplestthefhuseba\tﬁi saveforps at

with each o

bt puts a Sinty. Els%@"n@ésx&* PR-Ef 130 O d W%&%@%@W@% da%‘%t
of FHT processot 5Q\qagoghgﬁnsce1ver11§)|ﬁ§pn hen digited canjenpg (famples itgnehn
demodul ation el eneeleméaﬁ xﬁﬁﬂ&h@ﬂllOA 110N ZBrouphcbase!statiord RXC e & 13.

"soft deci sion" ul at ed e confi ce
it correctly i dent glé el ﬁm dem Hld& rt'liﬂglbn#y e CEQ BF. rexﬁ?ée
soft deci si on dat auni having pametcommumnuon estabhslmd: wlﬂ’cﬂlerbiﬂel station. Each
decoder 29 for foEH&hdl”ei&iﬁé&'ﬂBd&ﬁ mnapvmme:@’?guda{u&m structure.

sropal - This cppl STonsul sy Lhched® Mokl hieian Ueh 2o I
network (PSTN) 32. deg®dulator fronL eRd laa@nddetﬂgmedtaeamh@wmor 128 isolatta signal
searcher 26 contai Bmi the correﬁi?m*. EélﬂBtéjeiixﬁt Heém thé lﬁ?al o' &P sighals
capabl e of perform.ng one. . Ifljl—ﬂl' aegé&gr m dur| ri Odgﬁ,ﬁ%n di
to the period of a?&agﬁﬁs'?rﬂ%?.se LA ?"N ‘f ed m
denodul ati on el enethe 2bove feferented qatemts and patent applidataoms. i rChamtellelement
does not provigs t h{Bndénﬁ P10 A YincliftlesC8in lé) l%ﬁi’at@&%@%&? ro &sﬁr 19898 1deﬂ
searcher 26 finds t .correlation energ t di n e
ant enna sanpl es, Heeth sigh gt?ﬂ '1‘534 Xl ‘?‘ﬁ‘é]f‘ ‘gfr Eﬁﬁ‘% }%g
FHT transform per pmefermg ethbodirflertty amé slicedh FHE prodessprt émgine Xi20uservices both
FIT output energy liitegRAed sdirchFrot8ssh 128/ AeiBliuliier froht 8nd W2 Other than
wells at an o Setsh ge FI-]!'Inprocessor Ie:S\girn%pl % re?ated max detect bl &efGSD mtegrated
20 search processor 128, is stand-alone, self-controlled, and self-contained. A
searching architecture is detailed in a co-pending U.S. Patent Application
Serial No. 08/316,177 entitled "MULTIPATH SEARCH PROCESSOR FOR A
SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM"
filed September 30, 1994, and assigned to the assignee of the present
25 invention.
FHT processor engine 120 is the core of the demodulation process. In
the preferred embodiment, FHT processor engine 120 correlates the received
Walsh symbol values with each of the possible Walsh symbols that may have
been transmitted by the remote unit. FHT processor engine 120 outputs a
30 correlation energy corresponding to each possible Walsh symbol where a
higher correlation energy level corresponds to a higher likelihood that the
symbol corresponding to that Walsh index was communicated by the remote
unit. Max detect block 160 then determines the largest of the 64 FHT
transform energy outputs. The maximum correlation energy and the
35 corresponding Walsh index from max detect block 160 and each of the 64
correlation energy output from FHT processor engine 120 are passed to
pipelined demodulator processor 126 for further signal processing. The
maximum correlation energy and the corresponding Walsh index from max
detect block 160 are passed back to integrated search processor 128.
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13 Cenerally each searcher 26 is stepped through the search w ndow
with the others as.a group by microprocessor 34, each separated from
its neighbor bygognsaeg hal f of a PN chip. In this way enough cpéfpbstiohds
energy exists at eac maxi mum possi bl e of fset error of -a quarter chip
to ensure that*a path is not 5 mssed becaus; the searcher did not
correlate with the exact offset of the path. Af ter sequ'enC| ng

searchers 26 through th &pﬁf&s -
the results report gl ba?iﬁ%lrl d% or s%ong at hs, ?'ﬁ\r?%glg t@‘t‘ll on %gfmbol
el enents assi gnmentdaia reseivedatyd Q S‘FFérH" Q@c¥ng SWGF‘H;“ soft degigion"
Application Serial gymbélStieddn. 9(!& adtition, pipelihed denmodiditor procéssorndé cakulates

constant|y chand! oy 4% duhe: P4 Nignal being AR Frob? HhERkNBAPIGE Evel

- nove about in the bas atron cove arches
that nust be pePforpewer sonfzel mdlcat@rh@eqeatﬁdr tnhgommand the repatehuniti tokrajse or

- enough so that valigweatihe fé@NoteeuRits ﬁﬁnﬁﬁﬁd gARrDYThé ower coﬂ?@pﬂtdledﬁdi{hs

Tequired s a funciPEReRRET AHAGE %gtwﬁl‘%ﬂ%ﬁsah?”m%@ 7 s base station

usabl e at any poi ntiramsmitted. signalrfcrirecepiion by dhie rembte uyitt Fhis fpofted.contriohioop

t wo sear cher So afd3dufBér @ﬁ@qﬂeﬂr@w AEs@BEM V3. fpa&e;ﬁaf. fasgflpé Yéferenced
denodul at or 1 rated circuits (ICs) used, for atotal o our
denodul ati on el eQ‘ren? ei ght searchers per channe| el enment nodem

Each of these twelve prdﬁeﬁsss'ufg décisiene reymtisolc iteaim sfranc opjpedined demodulator
el O et 2 Ppidaesdod 326k Bilipi o ddinterleayed) H0RARAUrrdl bied: it decBder 130

relatively |arge, t amount rea on an |nte rate
cireuit. Tn additi oWhers itis demy Pﬁm‘&d@f?g‘?ﬁ; s Chanek slfmeRt microprasksser 136
nodem al so has a nosiijeavises tie entireaddmodalationrprocedurerancd obtains the reciveredt data
IC for a total 4 q&gﬁ fec% gﬁgi:

I's needed to na(r?cag%ﬁ‘ H%@éaela%?ﬁ?t é{%e?}%gu‘l%%%g%he %it: ggaq,gg oﬁécessor
searchers. As inpl 2?% ?‘ﬁ‘% datndg then rouie ul link 121 o
i ndependent and r e(B$C&St1682 whichaopnects the cail msmésamr 34 to sequence

through the correct of f Ses foARstd A Babd'% alﬁi” Gl NPl e
m croprocessor 34 ;ﬁ%}%l \(/)es an 1 nt errﬁuéoé’t%spro ‘%tes%é% yts.
O interrupt rate Lops just presente VRS 1BHwe 3HPse r from
It woul d be ad2dht cB8TI 108 ttheouglk BSCT&Sr 20Qi and fmdlgtabbankhmﬂl #2te Digital
backhaul 121 provides input to encoder/interleaver 138 through channel
element microprocessor 136. After encoding and interleaving the data,
encoder/interleaver 138 passes the data to modulator 140 where it is
modulated as disclosed in the above referenced patents. Output 146 of
25 modulator 140 is passed to transmit summer 142 where it is added to the
outputs of other channel element modems 110B - 110N prior to being
up converted from baseband and amplified in analog transmitter receiver 116.
A summing method is disclosed in a co-pending U.S. Patent Application
Serial No. 08/316,156 entitled "SERIAL LINKED INTERCONNECT FOR THE
30 SUMMATION OF MULTIPLE DIGITAL WAVEFORMS," filed
September 30, 1994, and assigned to the assignee of the present invention. As
presented in the above referenced patent application, the transmit summer
corresponding to each of channel element modems 110A - 110N can be
cascaded in a daisy-chain fashion eventually resulting in a final sum that is
35 provided to analog transceiver 116 for broadcasting.
FIG. 5 shows the elements comprising integrated search processor 128.
The heart of the searching process is time sliced FHT processor-engine 120,
which, as mentioned above, is shared between integrated search processor 128
and demod front end 122 (not shown in FIG. 5). FHT processor engine 120 can
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reduced to a single IC needing | ess m croprocessor support, thereby

r educi ng the direct I C cost and board-| evel production cost of the
nodem and al | owi ng mgration to a | ower cost nicroprocessor (or
alternately avphpésssshi gh powered 3 5 microprocessor suppor tpcigpsseusEA!
channel el ement nodens at once.) just rel ying on shrinking feature
sizes of the IC fabrication process and placrng_the si x chi ps

t oget her on a si ngl e di e is not enough. The fufdanental . architecture
of the searcher b&‘&%ﬁf%ﬁ@d&%&&@ﬁg\egfﬁﬁéﬂﬂﬁﬁm rocessor
single chip rmdem rf’nl;IEe SSi on oV It sh e a r&gtg t hat

WO 96/ 35268 52 o s rapid transform capa ty emp 5 climesgliced
14 there is @ 1 of channglrndlément aiodenyldhd processi ng appar at us
that can denodul at 1§|aﬁ1'1‘ e%ﬂl’ C

in a nore architec Jﬁgfpfi@&%ﬁf&nﬁ&{lﬂﬂé Sﬁl%@gs‘)?tmg"{ lsréebz%ﬁt%%d
i nvention can uSe MsiRg aosix stage butterfle B’ﬁ‘é?l% eﬁ§ explainedda d?ﬁa&bih%’eoﬁ Walsh

single, integrated fafatiém of bederss tdn be defified rétirSively avidlledise | ar ge
nunbers of offsets that potentially contain nultipath of a received call

si gnal . _ The present iwap op iW@/2EIWel/Df Fearching for a
mul ti path signal Wmch Is transmtfe t/ﬁn w(kr}a vari able rate and
i's subjected tgqgoower control . n SUMVARY OF THE

mul L path si gnal ao'z}hesﬁ%sﬁwﬁéﬁf L SRRt W 2PN T 20 and
o at tempt is made Pothe prerogscermbodiinstt o, WaltH seeiagncs of seasieird MhenR foimt
to contain data. Trtherefore a wagmbnge;ﬂjomﬂss issuseldi tneatrelatepthec6s Msh chips of
group boundari % SQuid'@hnsmitted Walsh symbol with each of the 64 possible Walsh sequences.
A structure and method of operation for FHT processor engine 120 is detailed
in a co-pending U.S. Patent Application Serial No. 08/173,460 entitled
"METHOD AND APPARATUS FOR PERFORMING A FAST HADAMARD
TRANSFORM," filed December 22, 1993, assigned to the assignee of the

20 present invention.

To reap the benefits of FHT processor engine 120 with thirty-two times
the throughput of its real-time-slaved counterpart, FHT processor engine 120
must be provided with high rate input data to process. Antenna sample
buffer 172 has been specifically tailored to meet this need. Antenna sample

25 buffer 172 is written to and read from in a circular manner

The searching process is grouped in sets of single offset searches. The
highest level of grouping is the antenna search set. Each antenna search set is
made up of a plurality of search windows. Typically each search window in
the antenna search set is an identically performed search group where each

30 search window in the antenna search receives data from a different antenna.
Each search window is made up of a series of search rakes. A search rake is a
set of sequential search offsets that is performed in a time equivalent to the
duration of a Walsh symbol. Each search rake is comprised of a set of rake
elements. Each rake element represents a single search at a given offset.

35 At the beginning of the searching process, channel element
microprocessor 136 sends parameters specifying a search window which may
be part of an antenna search set. The width of the search window may be
designated in PN chips. The number of search rakes needed to complete the
search window varies depending on the number of PN chips specified in the
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accur at e power estimates can be made. 20 BRI EF DESCRI PTI ON

OF THE DRAW NGS The features, objects, and advantages of the .
present invention wll beconme nore apparent fromthe detail ed

descri pti on sewoioassass bel ow when taken in conjunction w POTAR/07567
drawings in which |ike reference characters 2 5 identify correspondi ngly

t hr oughout and" wher ei n: " FIG 1 reprlgsents an exenpl ary severe
mul ti path signal condition; FIG 27Ts a block diagram of a

prior art communi cajdatctcwirtdow) The numblé@eiciaka teleinertty pef éarch rake can be bpéeified

acoof dance wi th ¢ neopraue Sayeh FERRRRat 59@&?%‘@“6‘? fixet 65k §$§t§?am

of a channel elenent nodesfewing againitodFlG 1 show:asca;tmelammt pﬁelgpabs@mvmg
i nvention; at thel Ease5staﬁoﬁ R0 CK sHgdd raeMofd uhfty tihe aslatoRsKipeSH e search

FIG 6 |Ilustra s t he C|rcul at ur antenna sanpl e, buf f usi.n
5 afirst offs window, sear f € ?nﬁlr?%gffe eé‘g[hteﬁ%mﬁ’ pfle aﬁatﬁl’ee %ﬁ’éﬂs
ant enna sanpl e buf fizw FiK&rl represents theypdwaer ceceivext irodecibels{dB).i Thie hirizorttalodxis

FIG 6; fepresehtd hkua& ya%%w Gih@of @aéégf@ &Lew%na&ﬁm%elays
sanpl e buffer for secogg% IS a gra

showi ng how the sea ‘hé?“sp{PBE ‘@%) S?Fégr‘é‘ﬁ%it%?agﬁfﬁﬂresems aéggﬁ‘epﬁﬁélq‘% Epch
tinme;. V\D 96sighdlogpike in the common plane of the page has arrived at the same time

PCT/ US96/ 07567 4

FLG 10 | s a bl ock I(ajut has been trarhsnugtggrbérhe e rTemot? mutciat a diffbrent time.

' 9" the ch)nzontal axis can be thought of as having units of PN chip offset.
At any given time, the base station perceives a variety of signals from a single
remote unit, each of which has traveled a different path and may have a
different delay than the others. The remote unit's signal is modulated by a

15 PN sequence. A copy of the PN sequence is also generated at the base station.
At the base station, if each multipath signal were individually demodulated, a
PN sequence code aligned to each signal's timing would be needed. Each of
these aligned PN sequences would be delayed from the zero offset reference at
the base station due to the delay. The number of PN chips that the aligned PN.

20 sequence is delayed from the zero offset base station reference could be
mapped to the horizontal axis.

In FIG. 1, time segment 10 represents a search window set of PN chip
offsets to be processed. Time segment 10 is divided into five different search
rakes such as search rake time segment 9. Each search rake is in turn made up

25 of a number of rake elements which represent the actual offsets to be
searched. For example, in FIG. 1, each search rake is made up of 8 different
rake elements such as the rake element indicated by arrow 8.

To process a single rake element as indicated by arrow 8, a set of

samples over time at that offset are needed. For example, to process the rake

30 element indicated by arrow 8, the despreading process needs the set of sample

at the offset indicated by arrow 8 going back into the page over time. The

. despreading process also needs a corresponding PN sequence. The PN

sequence can be determined by noting the time the samples arrived and the

offset desired to be processed. The desired offset can be combined with the

35 arrival time to determine the corresponding PN sequence to be correlated
with the received samples.

As the rake element is despread the receive antenna samples and the

PN sequence are run through a series of values over time. Note that the

received antenna samples are the same for all offsets shown in FIG. 1 and
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FIG 11 is a block diagram of the searcher despreader; FIG 12
Is a block diagramof the searcher result processor; FIG 13 is
a bl ock diagram of the searcher sequencing control | ogic; 5. FI G
14 is a tim ngwdeags268n show ng the processi ng sequence depl ct PCII/DS96/07567 N
FIG 5, showing the corresponding states of certain control logic elenents

presented in G 13; and FI G 15DE§ an alternative bl ock .
di agram of the search processor. 10 CRI PTI ON OF THE PREFERRED
EMBCDI MENT ' spxkesl 2-7 here adlowinyy eleanplaryi anultipathngpéxdd anhichy dreive

fsggt g:noc\e/:?: (r)]gS r ef er encegm aﬁalaltg %HEW%C%?% angb&t%alﬁgbﬁ&?gar e

performed in order to adhi @@epggfqrrgd Q!Eb‘Pfllééﬁmeé%ﬁCrlbedtb@ﬂWu |eaclmerake element is
under stood that sucdffdeefiR thine #forfl the ¢ reé&ﬁﬁ% irdRe element/By/"Bhe Malf PRScHip 1n time.

h h b di d | f t

L r anstof a1 on 8t s C?ﬁ%ﬂ%ﬁéﬁ“ﬁ@k WERE Borrespantii 5 wbeo b Rt Borrlated
systems which procd%lmh-u;gt dihe slided plarter shovgm endomevinpgafosward! in time (into the
charges, opti cal ;Sl#’gﬂa%slﬂf &ﬁﬁ%@%k@@léxﬂ@x&eﬁft%ﬂ@ﬁ%%@t&le éd}rcfsgﬁﬂ to

systens is the use I nfornmation Stor ) r
to as " menor yAIF HF%S?‘HP ﬁhadérfff’m the sliced

organi zati on of planatsimvmorThnmpmegtom b atimedalpowws | edchsrake klemlerth ik a
media or Withing compbhisefith ﬁﬁé%ﬁ@cﬁé@ﬁ#&w Be SIS PN SULER npéguct or

based integrated circul Seé 0 I’ITB.tIOI’l

processi ng devices, oft é"r?chéFglqt%M recejvgs the | %ﬂ%ﬁﬁﬁ%émﬁe \Wigeal delayed
alter their condit |h;nsemd ahetuet doe rte&her;&ehtdelay throughCtheclet@ktrial anvivdtiment.

el ectromagnetic si gﬂ.?% f‘azﬂé‘ e t

store and process | rgy%gr par‘?ﬁ@ a‘rqaw ‘r?usmfole)gi fbﬁ%péo(&% gsé‘g% S.'Ihﬁ also
characteristic, or l?flﬁﬁrﬂﬁr mmoaer angl. s memels aney gsngraﬁsﬁaa time
t hereof is condisst erferen¢ebaded apﬂliélhnmréiérehb@ Eives fronh \the base staiofl. The

The present inventi I

transm ssi on appl i c!%?} ons an'éé ?I@% ?&Fieﬁcgg %ﬁe’g‘%’}/ﬁ ?‘F tg a%td 811:1?1] short
FIG 3 is inplenment®d B%tl%%lmoa cpde gﬁap@éor@n informatiemisigniab neqeived
whi ch system cont r(ﬂtlthé baﬁdsﬁmh(ﬂ’oﬁtﬁﬁ%oié)ﬁnﬁﬁﬁ itidrefore debyed 1 fhedround trip

Con " TUIC TG aubr i S ANTAESNLE s, 4 el
publ i ¢ swit ched & eI Eharefoae H%%Flml{\ﬁsifl‘glem gengratps ased an,tbg§embmg)process is
: slaved to the zero offset timing reference at the base station, the output of the
generators is always available before the corresponding signal is received from
the remote unit.
In an OQPSK signal, the I channel data and the Q channel data are
25 offset from each other by one half chip in time. Therefore OQPSK
despreading used in the preferred embodiment requires data sampled at twice
the chip rate. The searching process also operates optimally with data
sampled at half the chip rate. Each rake element within a search rake is offset
by one half chip from the previous rake element. The one half chip rake
30 element resolution ensures that multipath peak signals are not skipped over
without detection. For these reasons antenna sample buffer 172 of FIG. 5
stores data sampled at twice the PN chip rate. '
One Walsh symbol worth of data is read from antenna sample
buffer 172 to process a single rake element. For each successive rake element,
35 one Walsh symbol worth of data is read out of antenna sample buffer 172 one
half of a PN chip offset from the previous rake element. Each rake element is
despread with the same PN sequence read from PN sequence buffer 176 by
despreader 178 for each rake element in the search rake.
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transm ssion to and fromrenote units 104. FIG 4 illustrates
channel el enent nodens 110A - 110N and ot her el enrents of the base
station infrastructure operating in accordance with the 4 0 CDVA net hods
and data fornmos6sdss8ri bed i n the above-referenced patents. PCI/USI6NES?

96/ 35268 PCT/ US96/ 07567
16 A plurality of antennas 112 provides seceived reverse |ink signal
114 to anal og transmitter receiver (transceiver) 116. Anal og

transcei ver 116 down- coAwtenusa sampler buffere 172nks tivgndWalsh4symbblss dleep damdh dis

sanpl es the baseba ‘%Hf

CDMVA recei ved si gnzei?n%@y%gol negép%(tf/dly r@%&@o&&éﬁ%éﬁ'@%ﬁ?ﬁtﬁm ?%ﬁ!f%e\/afrgggg
the digital antennprecgsh M ch rake, the ke rlemsnt havingdhe lateshpffset in
through base stati éifneR $§eﬂnﬁrs'5l gmﬁllaﬂewoffset corréspoinds terthesignat Welich has

Communi oot | on bt a‘é%*’fsl%@ﬁ\m%ﬁ?%ié%giggg{ SR fhe pomere it (3¢ BeoelaRE, fFe
nodem 110A - 110N tsnenatawhichi thesearcher starts te process a search rake is keyashtoctheWalsh
el ement nmodem 110As¥ﬁb6§5bﬂﬂ&&1ésoas§&1§féa' WRhQAb rake elemerﬂ‘?ﬁ%ﬂé ﬁ{eqatéf effset in

end 122 and integrated rogcessor I sql at I g r.oom t
?lée %Fﬁ%l?%, {ﬁ?exa,gﬁ' ?%I tg\esoffset Walsh sym 50l

correspondi ng reno
contained in rever beuhdaky,sughedteﬂlhe bearliest titnet IhbatPhllsdmbmcsam;ﬂes needed are

described in o)
Channel el erren1t015 engm Zé | ncﬁ% fe Bﬁff@ftgl ?\‘itigg?g% gﬁrg@gg%&g%égc%?sg?gm
I

128 to identify qx‘ng}tdn ngsg 1aké: be used by denodul at or
front end 122. In the Theoppmﬁo&mfed:tmﬂmdémpldbuﬂfémzisimestdibﬂymﬂmed)by

engi ne 120 servi Ce§‘°93%2§ts ?%?P:'ﬁ%ﬁt eci_-meaé]csﬁymwsogﬁ

denodul ator front en Eﬁ %]Q;Ir ocessor ;g;; Of the
120 and rel at ed naRPgtatian of| apenng sample hpf re!l7% ¢arg be
i s stand-al onel 5selktowghtt 6f0hs afitenhacsaneple-tatffdral 72 iiself Antennaaam;ilerl@fferuz

architecture is detgh gk fedofy 18&HNE YY" two TWAER! sHRBOIs Horfl of data. Write

pointer 406 circulates around antenna sample buffer 172 in the direction

indicated in real time, meaning that write pointer 406 rotates around the two

Walsh symbol deep antenna sample buffer 172 in the time that two Walsh

20 symbols worth of samples are passed to searcher front end 174. As the

samples are written into antenna sample buffer 172 according to the memory

location indicated by write pointer 406, the previously stored values are

overwritten. In the preferred embodiment, antenna sample buffer172 -

) contains 1024 antenna samples because each of the two Walsh symbols

25 contains 64 Walsh chips, each Walsh chip contains 4 PN chips, and each PN
chip is sampled twice.

The operation of the searching process is divided into discrete 'time
slices.’ In the preferred embodiment, a time slice is equal to 1/32 of the Walsh
symbol duration. The choice of 32 time slices per Walsh symbol is derived

30 from the available clocking frequency and number of clock cycles need to
perform an FHT. 64 clock cycles are required to perform an FHT for one
Walsh symbol. In the preferred embodiment, a clock running at eight times
the PN chip frequency is available and provides the necessary performance
level. Eight times the PN chip rate multiplied by the 64 required clocks is

35 equivalent to the time it takes to receive two Walsh chips worth of data.
Because there are 64 Walsh chips in each half of the buffer, 32 time slices are
needed to read in a complete Walsh symbol.

In FIG. 6, a set of concentric arcs outside of thick circle 400 represents
read and write operation with antenna sample buffer 172. (The arcs within
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Serial No. 08/316,177 entitled "MILTI PATH SEARCH PROCESSOR FOR A

SPREAD SPECTRUM MULTI PLE ACCESS COVMUNI CATI ON SYSTEM' filed Septenber
30, 1994, and assigned to the assignee of the present 2 5 invention.

FHT processor wowsizszs120 is the core of the denodul ati on pr o®ETAISIENTS67

the preferred enbodi nent, FHT processor engine 120 correlates the received
Wal sh synmbol values wi th each of the possi bl e 344l sh synmbol s that may have
been transmitted by the renote unit. FHT processor engine 120 outputs a 3 0
correl ation ener gy titiok rcirejeos0d are tisedetochidpoglaidtiony/dnd kosysthairrespend ta read or

hi gher correl ation esgar %gﬁ&@%} S%@g 29 &&m&%&&%ﬁg@ tidn! ding BRe

synmbol corresponding to: S commgl cate e.renpote

unit. Max detect bHEResliey Theareglosest tedhe qepterplthe Preusfirstyin time and
transform ener gy oga¢hisiccebbivenarxi %nsmts“ ahadperationasagurring ihhsucdéssively later
t

P
correspondi ng | sh. | r ty QI o] n C t .
correl ation en€e gyt‘&é"%ﬁ?eé ragmr@étpgo&ssof %ﬁ&?"ﬁ‘gl‘%z%‘:@e f)gége'%%f%ﬁnc arcs
pi pel i ned denodul acorrespassisstoor sectionsofrartennaeamplegrfiferli7enssrepresentedeby thick

maxi num correl at i ogjeREAOY. ANohd W' i HRARFHe adif IdFRwn fidm ftheBeffer of thick
detect bl ock 160 are afo%et% aeckcfo lnt epra egfﬁ\earch rpc

VO 96/ 35268 circle end points of ea e concentric %g&%ﬁm%ﬁ&
17 Pi peirclectd0dbetsvienatherintersentionoof th2Gradiinand thigk cirtet00owbuik be
synbol dapa ' ; i f k Snd [ ulats
"soft deci si ongb &E&%gé&gggfé s%r%‘%?nﬁ‘@?{orgd%iéﬁ%}ﬁ Qéélé;s)%c? ggk ?é‘grrg{jﬂ?'a?gfrlﬁg the
processor 126 cal cfirsh e slice opgration Sopwrn. 16 anjenpa samples, pre, wirjiten to antenna
recei ved. From t he sampls befferif2aepresersied by ar6 402&wer control indication is

created to command the ?ﬁmg 6% hnd B {lﬁ ﬁﬁg%ig%.searchl i fbF tﬂ.}]ustra ive

unit's transmt power. e power “contr In ion | passe roug
nodul at or 140 whi c§earghWindew m%samar to the base station
15 Search window width = 24 PN chips

Search offset = 24 PN chips
Number of symbols to accumulate = 2
Number of rake elements per search rake =24.
FIG. 6 also assumes that antenna sample buffer 172 contains nearly a full

20 Walsh symbol worth of valid data before the write indicated by arc 402A.
During subsequent time slices, a write corresponding to arc 402B and to
arc 402C occurs. During the 32 time slices available during one Walsh symbol
worth of time, the write operations continue from arc 402A to arc 402FF most
of which are not shown. ]

25 The 32 time slices represented by arcs 402A to 402FF correspond to the
time used to complete one search rake. Using the parameters given above,
the search rake begins 24 PN chiips offset from zero offset reference or ‘real
time' and contains 24 rake elements. The 24 PN chip offset corresponds to a
rotation 16.875 degrees around thick circle 400 from the beginning of the first

30 write indicated by arc 402A (calculated by dividing the 24 PN chip offset by
the 256 total number of chips in half antenna sample buffer 172 and
multiplying by 180 degrees.) The 16.875 degree arc is illustrated by arc 412.
The 24 rake elements correspond to reads indicated by arcs 404A - 404X most
of which are not shown. The first read corresponding to arc 404A begins at

35 the search offset some time after the write corresponding to 402C so that a
contiguous set of data is available. Each successive read such as 404B is offset
from the previous by a single memory location, corresponding to 2 1/2 PN
chip of time. During the search rake shown, the reads move toward earlier
time offsets as shown by arcs 404A - 404X slanting counter clockwise with
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traném’tted signal for reception by the renote unit. This power control
| oop operates under the nethod described in U S. Patent 5,056,109

referenced 1Qg The soft decision synbol streamfrom
pi pel i ned dermg%pg%éa processor 126 is output to l'cfrl%sssmsﬂ

dei nterl eaver/forward error correction decoder 130 where it is
deinterl eaved and decoded. Channel " el enent m @Boprocessor 136
supervises the entire dem)du{‘atlon Eﬂocedure and obt ai ns the recovered data

15 from dei nt er | SAPEFFISIRRHI IR e LPRRSIG Folaiion firgsdon; as write pointer
m croprocessor indidationi 406 The-24 tedi represetitechby ar¢s 404 A to404X tﬂmvetsghhe arc

di gi tal backhaul |1haii:aﬂe%llb§9rc 8. }'ﬁ@%&@ﬂaﬁl nﬁméata %ﬁr&@%ﬂﬁ leshas

t hrough PSTN 108. rocee
the inverse of thdhe advanfage o :PHQVE"EB$ seamM %ﬁﬁt%&“ﬂ'ﬁﬂgt‘ﬂéﬂ%ﬂeﬁ% WmeWhés

si gnal is provBdecsachr seareR rﬂ&TI‘;b 1&culbedug THESGidvakiagarnid eepkiikd dh detail
backhaul 121. Di gida aul 121 provides input to

encoder/interl eaver %%cg.lerﬁl Oléﬁ channel el enent m croprocessor 136.
After “encodi ng and i nt &acRofithe reads cpsresponding to-ares 464Aitn 484X zasses wxssWalsh

passes t[\)e dat aftcsyﬁmhldlwbﬁh dfﬂ&t 410! despredder 178. THPgHé&tftl?é}eﬁaZS% g&ﬁ&ss to
in the above referénce S | at or IS

to transmt sumrﬁiﬁs'ﬂg%ii grqlgihﬁﬁgofaﬁodﬁgﬁes Note

channel el emred0 ndneFEG1¥oBthe lagtNwriteorcorrespending to ammmw,erahdd listomad
method s di sel bseq aponda e"ﬁ"ﬁ“t‘m%t“ﬁ‘é‘ﬁ%m  edrinon memm@’sﬁ’““%“‘bgw
met ho -

No. 08/316, 156 o (STPHER COnSiEYONS ﬁewmé&?mqﬁmétbe paticrmof cead
OF MILTHPLE DI GMwﬁws\/ﬁEmcnnﬂud théy would ifiefateimesed@ndlogid datatwould
assigned to the asgjtde o@idé&‘ﬁnﬂéﬁﬁﬁé‘koh&h%ﬂt'on As presented in

t he above referenced patent a IL.cat1on ransm t _sumrer

cor r espondi ng?lso each r?gé?“l’é!ge‘?ﬂé'\q‘ ﬂ%éﬁ%r&%‘b@ f a rakp\elemeng avorth of data
cascaded in a dai s:plled:tadrddm@nne Walshtsymbol WeﬂthldeMellﬁlmtEuffiﬂlexﬁttﬁlpﬂbﬁde
is 35 provided teana @afo&ﬁa&aa%&{t ti'é(iozﬂfoapsear s slidhals. In fhese cases, a

The hoart of i he SSSEAaks rH s teprarer AIple Cimos Fhe odliof ralieplamentoin
whi ch, as nenti onesticedssive, sean:lsi'akeschtbetamﬁmn offegtr re edcamalatbd (byoSeadelD kesult
128 anda @enmsobésdbl F2ad explaiféd Sh WMtail BubbGuenkty REER" GH°HTP case the
engi ne 120 can
search parameters given above indicate that the number of symbols to
accumulate at each offset is two. FIG. 7 shows the search rake of FIG. 6 -
repeated at the same offset for the next successive Walsh symbol worth of
data. Note that antenna sample buffer 172 contains two Walsh symbols worth
25 of data so that the data that is needed for processing during the search rake
indicated on FIG. 7 was written during the search rake shown on FIG. 6. In
this configuration, memory locations 180 degrees away from each other
represent the same PN offset.
After completing the two accumulated search rakes in FIGS 6 and 7, the
30 searching process advances to the next offset in the search window. The
amount of the advance is equal to the width of the search rake processed, in
this case 12 PN chips. As specified in the search parameters, the search
window width is 24 PN chips. The width of the window will determine how
many search rake offsets are needed to complete the search window. In this
35 case two different offsets are needed to cover the 24 PN chip window width.
The window width is indicated on FIG. 8 by arc 412. The second offset for this
search window begins at the offset following the last offset of the previous
search rake and continues around to the nominal zero offset point as set by
the location of the beginning of the first write as indicated by arc 430A. Again
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WD 96/ 35268 PCT/ US96/ 07567

18 perform Wal sh synbol transfornms at a rate 32 times faster than FHT
processor 52 of FIG 2. This rapid transform capability, RS t he
time sliced WO963528r ation of channel el énent nodem 110. per Eé’l n

the preferred enbodi ment FHT processor engine 120 is constructed 5
using a six stage butterfly network. As explai2ded in detail above, a Wil sh

function of order n can be defined recursively.as.follows: . e a
[err] .10 there \grer 24 \yakec edgmenis, ithip cthe éBﬁ'}A?r}'eﬁE]ﬁ? ¥ ipficatgd by
W1) = 0. | aréd23PA6f 4320 dnosthof which are\ldtsshovemueAgain thef3h evrites care

where n = 6, . f 6- ut, | | b wiied :

correlate the 64 V\é{‘@lﬁggﬁﬁfég g}e ai&s@é})é %%?%%:s%:g‘?g(ﬁ\\?\a g S nbg% Q{/\Md;[cra]\ted }?y
each of the 64 posareA30KE) and dhe lastread, as indicat tb}'uélf%'#é;&n%b%?%aneﬂ‘erm
operation for FkT Qhwsgam!ﬂamrlm, I's detailed I n a co-pendi ng :

S OB O L A AR 8 o, TR of
$2, r 229% hgs; :3 % gfeidtmdaer?taesmplagbuﬁenfﬂﬂtmpdz ag thesearshi rake\inHlGo 6. is repeated in
t ge t hlrooughput of iﬁ?r%%apﬁg?gﬁggaﬂgﬁ?a%fﬁ i f%%ggys%akhgg?ﬁlgd o
120 nust be ;ﬂce\&miﬁeaﬁ HHCe At g é:"ﬂ’:ﬁﬁgmﬂ atll:"teos Py e%@?“ﬁﬁ?@% Pf the
sanpl e buDf ersedoitd seardhe eake; pintegratenl Isparchi procedsarol2@ds avhilablectedbegin
antenna SaPl© 25 it sk b 180 oo @it Gy Rl d Hibe'a new
of fset searches. Tipffsetorit qev%%ifv@/mw(&m%%ﬁﬁ‘ﬁ?&ﬁ’ﬁ s t hZ gnt Zlnﬂg gear ch
set. Each antenna sear clin¥G. i85 the locationdsf the tfuralapy betsveery thd rembhalfi and the
wi ndows. Typi cal |y Gaehn5RYrGHe Hullfl s ‘arked with label 436. In FIG. 6, the boundary is
15 marked with label 410. The signal which indicates the point in time
corresponding to labels 410 and 436 is referred to as the offset Walsh symbol
strobe and also indicates that a new Walsh symbol worth of samples is
available. As the search rakes within a window advance to earlier offsets, the
boundary between the read and write halves of the buffer slews in lock step
20 counterclockwise as shown in FIG. 8. If after the completion of the present
search window, if a large change in the offset being processed is desired, the
offset Walsh symbol strobe may be advanced a large portion of the
circumference of the circle.
FIG. 9 is a search timeline that provides further graphical illustration of
25 the searcher processing. Time is plotted along the horizontal axis in units of
Walsh symbols. Antenna samiple buffer 172 addresses and PN sequence
buffer 176 addresses are shown along the vertical axis, also in units of Walsh
symbols. Because antenna sample buffer 172 is two Walsh symbols deep,
antenna sample buffer 172 addressing wraps on even Walsh symbol
30 boundaries, but for illustrative purposes, FIG. 9 shows the addresses before
being folded on top of one another. Samples are written into antenna sample
buffer 172 at an address taken directly from the time they were obtained, so
write pointer 181 into antenna sample buffer 172 is a straight forty-five degree
inclined line. The offset being processed maps into a base address in antenna
35 sample buffer 174 to start a read of a Walsh symbol of samples for a single rake
element. The rake elements are illustrated in FIG. 9 as nearly vertical read
pointer line segments 192. Each rake element maps to a Walsh symbol in
height as referred to the vertical axis and 1/32 of a Walsh symbol as referred to
the horizontal axis.
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the antenna search set is an i dentically perforned search group where each
3. 0 search windowin the antenna search receives data froma different ]
ant enna. Each search wi ndow is made up of a series of search rakes. A
search rake i WOP635268 oo of sequential search offsets that BCYS878¢ e
in a tinme equivalent to the duration of a Wil sh synbel . Each search
rake is conprised of a set of rake’ el ema_sts Each rake el enent
represents a single search at a gl ven, of fset . . At 't he begi nni ng
of the searching proces he yerga) s@%bmentherakﬁ@lmwééﬁbm 3 3garsh fake are
parameters specif yéaiged lgedbnth\frbﬂﬂ\ah&/ﬂlMIMu ting theeseasdh pﬁfceﬁs’lt@msem

search set. The w E Se |
chi ps. The nunber g’%&seargﬂ ra g‘;sdzgge g o co Fz%gpﬁtg%&gﬁéggr%ﬁﬁ“m“
wi ndow vari es depcPdPHty Bse © Elﬂmﬁsssr epginenl r%stpeevqmébas A qumwent or queued
WO 96/ 35268 5 setof data for p rocessmg Therefore typically use of FHT ésb&gé{ 2%0

19 search vmndow r ak rrents p r

speci fied by* cﬁgrrﬁ?el °e38Wé’ f’rﬁ'l,tr Sﬂﬁogégsﬂ‘ £88"0r g@ m}q‘i f?@&naary
sone tonstant. correspondimgftora il offsetrthat i b@ing demodulatedh byxdeslodr front
set of signals arriyd fb. at the base statlon froma Si ngle renot e

it, th | at i onshi t earch 5 W arch.r and rake
_ glmerrent geggngsl (r)nr;re Elég“r gh%‘@” ¢ Same 3epr ra ces 8 QWI‘GaFI%S' &preand8; For
- the pover recdi®edexamplersézrth raki)194 Has 2orake @lérabntsxéath of whicheraepbids to
the delay in the aéié ¥6'thé tOE Qhcstdulad) 104X\ 6n FIGTH! | ORFIC, SCtadsdarch rake 194,

The axis (not shown oin pa re resents a
signal spike in the ’E‘g?ﬁr‘bﬂ’ Jelﬁ%te%fﬂ"? I‘?% Ish, symbpl §€ant‘1°ﬂ¢ép‘@é#ﬁefq theelike

10 but has been tpointer on (R’Ile)ﬁ tT'e readahe cufveht %Bn?léb feaéli @ake elefent must be

© The horizontal axi offs

. At any given t| e, ﬁ‘?rﬁea&base ?M on'pe?ﬁégﬁéw °8§N%F%\ﬁeof

- single lehot teagch trak%aeﬂlcefesmechtepastowaadye@aher gamplese nﬁewhhradnedl%
. may have a dédreesporidsd b athet Bedich hfaket BRéwn Th EFIR Pt endiNichréh Thk@a 96

I's- modul ated by a qgrresponds to the search rake shown in FIG. 8.

In the search window defined by the parameters above, only 24 rake

elements per search rake are specified even though the search rake has 32
20 available time slices. Each rake element can be processed in one time slice.
However, it is not practically possible to increase the number of rake elements
per search rake to 32 to match the number of time slices available during a
search rake. Demod front end 122 uses some of the available time slices of the
FHT processor. There is also a time delay associated with a rake advance as
25 the read process must wait for the write process to fill the buffer with valid
data at the advanced offset. Also some margin is needed to synchronize to a
time slice processing boundary after observing the offset Walsh symbol strobe.
All these factors practically limit the number of rake elements which can be
processed in a single search rake. In some cases the number of rake elements
30 per search rake could be increased such as if demod front end 122 has only one
demodulation element assigned and hence only interrupts FHT processor
engine 120 once per search rake. Therefore in the preferred embodiment, the
number of rake elements per search rake is controllable by channel element
microprocessor 136. In alternative embodiments, the number of rake

35 elements per search rake could be a fixed constant.

There also can be significant overhead delay when switching between
source antennas at the input to the sample buffer or changing the search
window starting point or width between searches. If one rake needs a
particular set of samples and the next rake for a different antenna needs to use
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1 5 PN sequence. A copy of the PN sequence is also generated at the base
station. At the base station, if each rrultijpatlh siggal wereh . .
i ndi vidual |y denpdul ated, a PN sequence code -aligned to.each signal's
timng woul é‘ﬁ@’?ﬁ’é@ed Each of these aligned PN sequelCESofBIst be
del ayed fromthe zero offset reference at t he base station due to the
del ay. The nunber of PN chips that the alignexp PN 20 sequence is del ayed
fromthe zero offset base station reference could be nmapped to the
hori zontal axis. an overlapping|parftiofthe \iffﬂretb%gnshral@mt&pmm progeasioy

wi ndow set of PN amm the nexbfdffet Walkhbe yiibet Sssifittary a?r'c{‘\(rhi& @mt a
divided into flve | I&ee@tgls%egxrﬁg?{,%smageS%r gr}l as s arc rag?lsﬁéwlable

segnent 9. Each sear
el enents whi ch repndd6n®, searchrake [1981is processing) data fromaedxfﬁéreﬂt aftenna than

exanple, in FI& keaﬁ.ﬂhc Ga&@aﬂyﬂ rHBﬁzbﬁtdIHHﬁ‘e %S’fmﬁﬁyt«fzg SheNmemory Tl’o@ﬁﬁon

el ements such as tI‘= I ndi ¢ arrow, 8
process a single rak 85%(?%& ”gtg‘e.f}?&f éﬁf Wﬁﬁ FapPles. Note that search rake 197
sanpl es over ti neand 198ado nbfmanyeommdemenﬁmyleme to process the

rake 3 0 el enent |nd|pa{] 1? ﬁ@]%eéﬁggggh%g m’sqﬁggsb{%e” tt?ﬁge
bage over ¢ e, TEmPle bufg o | eich ainiol o swmplen may beseod drom the

sequence. Thel ®N sample b'effeenhetlta dﬁ&rd&bﬁibﬁdlménb)thé&taﬂ%ﬁéwcﬁ byd@ed Bﬁnn

I d a twd o o
z?;rgefscg:]r Ib\éecon%l (r:ﬁa ne slice. 9{3&@ arri vag (%Psé}ﬂ?ﬁs tcéﬁﬁrﬁseed{]ﬂg%ur 68 of
correspondi ng PN SRR c@n'f‘E‘eoE samples, late I channel samples.continie Qi chamael
As the rake el enesamplesdandriatdQ hnaﬁxﬁel%anepléélt €M the pﬁﬂ’eﬁ%daéﬂbbhﬁnent each

over
R T L R e
WD 96/ 35268 antenna sample buffer 172. Usmg a single porpCRAMYOGhE7ofost
20 straightforward buffer design doubles the word width to 128 bits, and splits the
buffer into two 64 bit wide, 64 word, independently read /writeable even and
odd Walsh chip buffers 168,170. The much less frequent writes to the buffer
are then multiplexed in between reads, which toggle between the two banks
20 on successive clock cycles.

The Walsh chip samples read from the even and odd Walsh chip
buffers 168,170 has an arbitrary alignment to the physical RAM word
alignment. Therefore on the first read of a time slice, both halves are read
into despreader 178 to form a two Walsh chip wide window from which the

25 single Walsh chip with the current offset alignment is obtained. For even
Walsh chip search offsets, the even and odd Walsh chip buffer address for the
first read are the same. For odd Walsh chip offsets, the even address for the
first read is advanced by one from the odd address to provide a consecutive
Walsh chip starting from the odd half of the sample buffer. The additional

30 Walsh chips needed by despreader 178 can be passed thereto by a read from a
single Walsh chip buffer. Successive reads then ensure that there is always a
refreshed two Walsh chip wide window from which to draw a Walsh chip of
data aligned to the current offset being processed.

" Referring again to FIG. 5, for each rake element in a search rake, the

35 same Walsh symbol of PN sequence data from PN sequence buffer 176 is used
in the despreading process. For every clock cycle of a time slice, four pairs of
PN-I' and PN-Q' are needed. Using a single port RAM, the word width is
doubled and read from half as often. The single write to PN sequence
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spi kes 2-7 are showi ng exenplary multipath peaks which arrive

simul taneously and are only discrimnated by the despreadi ng process.

In the preferred enbodi nent described bel ow, each rake elenent. is

 offset in ti WO he preceding rake el ement by one hal f PRERYPHOIA ¢ i ne.
-5 This nmeans that if the rake elenent corresponding to arrow 8 was

correl at ed . begi nning fromthe sliced plzne shown and noving forwasrd
intime (into the ge as, shown) then the rake el egent to the | ef t

t he one correspon(lmffﬁl'tl?lOG neededypen tinee slieq is thea Renfprraed ong3 (YRl ok ?01'
chipin tine baCkrE;S fhe sliced " plane shown. This progression in

time allows each rake @leear{lesre]tthe searcﬁmé B %@&C e%ﬁfyrﬁw\ém §ﬁ5%§|0§h$dt0

to the same PN sequenc reno recel

station's transni ttwed Walghadymbolsydelayed fromy the mureensutimey fout JValsh pymbols

ggggya; gr ?Eg huggtr% %ﬁﬂ?ﬁw 36 @&éggmr ARt be storedThB\ eferdéd! eauamﬁaﬁf PN
e

the renote unit. 'Fﬁﬂu?%g'?\éﬂ F?gd’éﬁe?%& ﬁk‘“@f%ad d fw e%gglﬁ%&rc%&gesax ik n it

the time refer e_nceRAM pEourWaish i;ymbold’lerebmqamedabeoanse theestarting offsetocan vary

uni t uses the tinmg, %g-xél%bi‘sg%g gtic@'ﬂhé ?)ffsEt'Sls chideh, Orfe\WallsH Sx/mbol

code and the user or ormation s na ce

at the base stati dﬁo‘ftLd#lg?NeS%ﬁB‘Eeel%ﬂﬁds for ?‘Pfé?]éfle’r‘emﬁ%m&&tb ?ijw §‘ PW&’&IS

trip del@y aboitheofsdataais pedd fine tive despreadies protess oBecanse tthe saaePN

U ng oo efubded Wl %Fﬂgﬁ‘zeggl'%&ﬁ?f"f‘f SpU0Ed Yl B o b

the base station, avesweitiep duing the despreading,progesy §°1if§5997%é?5 ta Rosingle) search

Pef or eo'g;g KCOF res IQ@R@U f'ﬂ\e‘i’é%whn: #ddif6RAlVWAISH eyin bﬁl wor}l’ﬂ gf REMbLy i2mt51éeded to
n an si gna anne a . a e annel data are

of fset from each ﬁ%nﬁﬁé’“ﬁﬁ%‘l%?ga% ngs é%aq 8Therefore .OQPSK

despreadi ng uddd in tha'fpr@tertheﬂlsewbbm'trmm bpdyPN; sequeneebuffen 126/ and anterna

the chip rate. Thesangsle buffed 17246 vﬂb&%}ﬂﬁﬁi&e&méﬁmﬂﬁ W bldcK alidgram of

sanpl ed at_hal f the%g,eg fﬁattee,}dEgg; By RTRE 1t (SRl SRR € dpdes

of f set Vi ous rake e

chip rake 3 o eI cshort cedeol amdoQ N generateas 2024 206 and pheylong gedesUsere PN
not ski pped over gmeratbttmundehm@sba utfby shidiee6de Band (BPNgeneftors202) 206

buffer 172 of an5clt ﬁ\e ang c%vaé %.?se? ng{o?%oataré We&?m&ﬁ'gd BH)SIQ B'bgft?l@ttﬁlleigf

One Wal sh sy ead
to process a si ngl day. gRachobaseestation-has ééEHV%‘ﬁE]cE@é’i‘S'étaF‘éﬁEd engpan GPSHming to
one Wl sh synbol wve&eite Dtinfg sigral.r Gadh Gake sfationt &l5m aratsmiiscitdtifing sighal over

the air to the remote units. At the base station, the timing reference is said to
have zero offset because it is aligned to the universal reference.

25 The output of long code User PN generator 204 is logically XOR'd with
the output of short code I and Q PN generators 202, 206 by XOR gates 208
and 210 respectively. (This same process is also performed in the remote unit
and the output is used to modulate the remote unit's transmitted signal.)
The output of XOR gates 208 and 210 is stored in serial to parallel shift

30 register 212. Serial to parallel shift register 212 buffers the sequences up to the
width of PN sequence buffer 176. The output of serial to parallel shift register
212 is then written into PN sequence buffer 176 at an address taken from the
zero offset reference time. In this way, searcher front end 174 provides the PN
sequence data to PN sequence buffer 176.

35 Searcher front end 174 also provides antenna samples to antenna
sample buffer 172. Receive samples 118 are selected from one of a plurality of
antennas via a MUX 216. The selected receive samples from MUX 216 are
passed to latch 218 where they are decimated, meaning one quarter of the
samples are selected for use in the searching process. Receive samples 118
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hal f of a PN chi p offset fromthe previous rake el ement. Each rake el enent

I.S despread with the sane PN sequence read from PN sequence buffer
176 by der 178 for each rake element in the se

V0 96 35268 WO NS YRR, /567
21 Ant enna sanpl e buffer 172 is-two Wl sh synbol-s deep and is

continually and repeatedly read fromand wit28n to throughout the

sear chi ng ocess. Wthin.each tch havi

the latest offset E’F?ﬁe een W?}gdgtﬂgi‘ggé@ tﬁ?}&] r}'ﬁt *%Pgs s%%‘s hitter
corresponds to theecsivgrdil6upf FIG.His Pro&ssmgawthsd ostﬂynasdpagned
fromthe renpte ught sénqpkbeamﬁa SriPhAlP Fhe Eﬁ% rate. Thteféferea&nlwretqﬁat&&r of the

searcher starts to ess sear rake ,i ed to th symbol
boundari es associ & ﬁaﬁnR ?%‘ﬁge@’% qg%‘ﬂ?gs% %39& fset in
the search rak®. A ti nﬁ'hemu!lw; ofréieelatohd!l&nsafedttbeseuﬁi te pakadlel khift ragister 214,
boundar I ndi cat tanal e

Y, Sohitt) Sufrerd 1@1{9&@ the »g,&m& é&ﬁfsaﬁfpwweﬁ 195 The

10 available in antenna sa cﬂ? %u?fcess can
begi n the fPsAmPlessare %ﬁt-qnn“t Hee"§§a ers 170 at

operation of ant eadarés%as)laasd)uakat fiom tlse e &G&‘th}efeﬂehustthﬂé.edhb}thls way,

noting its circul A e f
operation of ant e?n%t&aes%f 75‘%\ @7@‘@5?" JGSH%&’?% { ‘(':vlgdrhc?'i&% %%b‘glth
15 thought o} Oas regpeehiod d??ﬁlseqmer 172 itsel f. Antenna sanple buffer
172 cont ai s MeNReferkREALERITS HOFIGNS, ersbaévrﬁmtlé offelet n0f easlice,

Wite ointer 4 i buf th

di rection P ﬁgf’g%tgﬁr 5‘25' g% TW:@EH%‘E@ % ar%"&l d ntaé?%” ample
rotates around t hbuﬁm 172 and a/gorsespopding &ﬁ?@lﬂ@cgé{ﬁbteé fmmchN sequernic
the tinme that twopddesh7&8nd sutpaed anvpaha ch}ﬁaﬁ@l a¥alh echi?p ¥6CFH T Oprocessor

sear cher fron end 174%65 the rrpl es are witten into antenna
sanpl e buffer 72 BETS: | ocation indicated by wite
poi nter 406, the pr equL@JylshqwmldcsalLedshlac diagram of despreader 178. Even Walsh

chip latch 220 and odd Walsh chip latch 222 latch the data from even Walsh
chip buffer 168 and odd Walsh chip buffer 170 respectively. MUX bank 224
extracts the Walsh chip of samples to be used from the two Walsh chips
20 worth of samples presented by even and odd Walsh chip latches 220 and 222.
MUX select logic 226 defines the boundary of the selected Walsh chip based on
the offset of the rake element being processed. A Walsh chip is output to
OQPSK despreader XOR bank 228.
The PN sequence values from PN sequence buffer 176 are latched by PN
25 sequence latch 234. Barrel shifter 232 rotates the output of PN sequence
latch 234 based on the offset of the rake element being processed and passes -
the PN sequence to OQPSK despreader XOR bank 228 which conditionally
inverts the antenna, samples based on the PN sequence. The XOR'd values
are then summed through adder tree 230 which performs the sum operation
30 inthe OQPSK despread, and then sums four despread chip outputs together to
form a Walsh chip for input to FHT processor engine 120.
Referring again to FIG. 5, FHT processor engine 120 takes sixty-four
received Walsh chips from despreader 178 through MUX 124, and using
a 6-stage butterfly trellis, correlates these sixty-four input samples with each of
35" the sixty-four Walsh functions in a sixty-four clock .cycle time slice. Max
detect 160 can be used to find the largest of the correlation energies output
from FHT processor engine 120. The output of MAX detect 160 is passed on to
search result processor 162 which is part of integrated search processor 128.
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overwritten. In the preferred enbodi nent, antenna sanple buffer 172

contai ns 1024 antenna sanpl es because each of the two V\&L;h synbgl S ﬁ ISDN _
cont ai ns 64 sh _chi ps,; each Wal sh chip contains 4 PN chips, and eac

chip is sanpl . The operation of the sear TR Eess

Is divided into discrete "tinme slices.” In the preferred enbodi ment,
atine slice is equal to 1/32 of the Wl sh 29 synbol duration. The

choice of 32 tine slices per Wal sh synbol is derived, 3.0 fromthe )
avai | abl e cl ocking f req%éﬁ(é@ %ﬁ‘?Hf%MB%‘?SSBf 6% d% dejriled; iRcElG.t 12, Search result

perform an FHT. 64prdcessorc62 ealsaioperatesiiin e tinte BHéécDrmmibrFHTh_ECh"(}nﬁtlﬂ signals
Wal sh nbol. Int ' . | I Tes
the PN thip i requebiy e & Jefte B Bilayed oS cffih W BBty ofecP oty it the
| evel . Eight ti rresstéﬁeommgr%@hrﬁmsm%&rwoeqs&e;rfqnhmmoew Qb&lh ing.ﬂae
35 i val entS t omakimixren aimf £.0 A§CSipl&inkedo & i
dat a. safve ggcaugmljag,l nbk% WA uh c%ie S 1m ea ; f of Rﬁeg%rﬁif?‘rg, d:?
time slices are pa ﬁ%%&%g 0 F@@% fhag Bw%&é’?s@(%h worth of data be
In FIG 6, a set ofccuoniatad befoxe dhe aesultsiof thet ¢hosken cofifset caréOpracesseds ev the
read and write opepatantited) bk wHEN the BERIle I FIRIS.'G%7, 6,050 Y Ghe Milibi: of
the

—

WO 96/ 35268 .
22 thick ci rBmaPolsote AScHmmlate s 2y Seprchnzesudh PAReesser 2 msrfarmio
to read or 10 \ypumming dunctiom alongEwith ether fepctiorents a read or wite

operation during one  Ag sehtchBreshltChroctiordié2 Pelititls &%Eﬂﬁ\scg’é féor%%c&gse

circle occurs fir ti ngd each successive arc repre .
operation occurri ﬁ@a:l'ﬁli‘ %E@gs#v’é\“?t ptore A cumulative fum ifpe eachy zakenelement dn tthe
time arrow 414. Eesearch tdke.coTheser bunﬂﬂagve surrr]gsCQ&éesw}Ed_SiﬁOV\ﬁaiglgCE lfﬁBol
of antenna sanpl e : pPhgae irche .

one were to i inge&ﬁllea@?lla%%}r% \%%A M o%qg?hgth ?eﬁ%rﬁso? ?,t%naicleksearc_ rai‘Fr%‘ieeulﬂg to

to the end poitmts THMEEIR AMemaxratect 160 for each upke glamentn Summer 242 sums

the present result with the corresponding intermediate value available from
Walsh symbol accumulation RAM 240. On the final Walsh symbol
accumulation for each rake element, the intermediate result is read from
Walsh symbol accumulation RAM 240 and summed by summer 242 with the
20 final energy from that rake element to produce a final search result for that
rake element offset. The search results are then compared with the best
results found in the search up to this point as explained below.
In the above mentioned co-pending U.S. Patent Application Serial
No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT IN A
25 SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS," the preferred
embodiment assigns the demodulation elements based on the best results
from a search. In the present preferred embodiment, the eight best results are
stored in best result register 250. (A lesser or greater number of results could
be stored in other embodiments.) Intermediate result register 164 stores the
30 peak values and their corresponding rank order. If the current search result
energy exceeds at least one of the energy values in intermediate result
register 164, search result processor control logic 254 discards the eighth best
result in intermediate result register 164, and inserts the new result, along
with its appropriate rank, the PN offset, and antenna corresponding to the
35. rake element result. All lesser ranked results are "demoted” one ranking.
There are a great number of methods well known in the art for providing
such a sorting function. Any one of them could be used within the scope of
this invention.
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circle 400 between the intersection of the radii and thick circle 400 woul d
be 10 representative of the nenory | ocations accessed. For exanple,

during the first tine slice operation shown, 16 antenna.sanples are
witten to arWeQs3s2es sanmpl e buffer 172 represented by ar®C 567

In FIGS 6, 7, and 8 the follow ng search paranmeters for the illustrative
search wi ndow-are assunmed: 15 ' 3fearch wi ndow width = 24 PN
chi ps Search offset = 24 PN chi ps

Nunmber of symbols to a&eardh zesult-processor 162 has a local peak filtap basieally epmprised of
CLeTErk 11 et Sonliyad g e il shagy deiret | B bisspetcam w
uf fer cont ai ns a ful Mal sh synbo of Jval i a
before the wite i‘?ﬂi’i% '%eﬁ?tﬁrletmm\% resuﬁ[ﬁ'ﬁf%ﬂ@%?@@é’ﬁfng i"'ﬁgagéa even
slices, a wite cothoaghansearghtresult enegBwondd tatherwise qualifyléaCinsiusion,. unless
During the 32 15 Meypgldatich YL eseﬂwalla&lqaglggsﬁh%gemn‘ﬁphﬁs way, tH01dc1 péak

time, the wite opgrations continue [rom gJc t rc 402FF L .
of which are not shiehn preyents strong,-r:l?éo% SMRar i(%%ﬁ%heéem ?‘Bﬁ myltiple
40iA to 402Ficor r @ftpies dntintéritediate restiltnregisteri164, leavirigeho room $emwebhker but
rake. Using the pa e ' , . q!ﬁg ' 24 PN
chi ps of f set from"g%g%‘t'to#l?l !s%a\iﬁ;ql%?%}régem %lr(e b«,té%*&nﬂ?@%tﬁ?lf%e aﬁ%ﬂfggln ai ns
24 rake el ements. The ZJthepimplamentationtofcthe logabpeakifilter is straightfoswprd, The

16.875 dggr eeadmL Oatitdgy wgme of rﬂlsé ‘préﬁ@u& rake _@l@némgs'tm?hﬁﬁoﬁfistdwr_eﬂi irs previots
Lyt 101 oot o0 bioglty 1968 5] AL P etk WSt MBS e
and nul ti pl ystatedh yalso byreepmaparayorT @44 .1 6Thuey Sutestr efcomparator 244 dndigases
by arc 412.  WRARK26f iRkRve iRPRA & RegécaRANs Thithedamssdareh Gaselt pi¥cessor
arcs 404A - 404X nps . V\ﬂl h are not _shgwn. The fi raSLo read . a
cor Tespondi ng Lo AR ARgisdon oIt e rietiodd Rl Fepredtvel  loch Bl geren
the wite cor desporesuligpnosesso? Control logic254 compaxeatthe previonstensrgy) zesult with
11101, 0% SO o, Sttt v et e,
o1 Ui e, Dur g 1 HeceEr et 5 iahied B sFRBSRLSRDsh? scfyrrontiopy ape thek e
time offsets as shcompanisar withiitermedigtexresulinregister bohiscalways einabled. i either
the leading or the last rake element at the search window boundary has a
20 slope, then the slope latch is set so the boundary edge value can be considered
as a peak as well. '

The simple implementation of this local peak filter is aided by the
progression of the reads toward earlier symbols within a search rake. As
illustrated in FIGS. 6, 7, 8, and 9, within a search rake each rake element

25 progress toward signals arriving earlier in time. This progression means that
 within a search window, the last rake element of a search rake and the first
rake element of the subsequent search rake are contiguous in offset.
Therefore, the local peak filter operation does not have to change and the
output of comparator 244 is valid across search rake boundaries.

30 At the end of processing a search window, the values stored in
intermediate result register 164 are transferred to best result register 250
readable by channel element microprocessor 136. Search result processor 162

.has thus taken much of the workload from channel element
microprocessor 136, which in the system of FIG. 2 needed to handle each rake

35 element result independently.

The preceding sections have focused on the processing data path of
integrated search processor 128 and have detailed how raw antenna
samples 118 are translated into a summary multipath report at the output of
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23 progressing tinme in the opposite rotation direction as wite

poi nt er i ndi cati on 406. The 24 read represented by arcs .404A to 404X
traverse the {dosnses | Ndi cated by arc 418. The progressi on POT/UShEN7TSESads
toward earlier sanples has the advantage of providing seaniess
searching within a search window as 5 each,search rake is executed.
Thi s advantage is explained in detail sa sequent |y herein.

Each of the reads t r
symbol worth of datt;éé% ﬁg@'}gﬁ&r 502 %e%uﬁﬁg”s@@foﬁaaéaﬂ R6® M edch of the

178. The,rea her ef o rresponds t
traversing thick cq-lF@PE"s Ryagsssing daggRe ?C?Wre'ﬂ%{)seargh ereO
shown 10 in FIG 86, tf&afdstonbmltldocbflﬁésqﬁ&ﬂ&ﬁgs tetailed inFIGF13.04 meptioned
read COrresnii e}‘ lﬁ?ﬁ 1Ol rRﬁﬁ-o Fiickakde 1@93‘5 E&E@P'& é&?&{ arameter

nsur con |guous vaI

-

| ocations to

weve 0 t I I
if the patternSof setdncluding the.gr W%% Pﬁﬁfeﬁ%ﬁ@ EI%a ydﬂ:etd
intersect and val Ilﬁhﬂ@tmmué dtarnng offeettadoﬂomdam semichi offeet buffer aoan&m number

15 . In nost g%fp\g,ﬁ% One‘gé@ﬂsgﬁké g si@auhh rgﬁe @@ﬁ#ﬁuﬁhﬁmtth%%

of data col |
sufficient to pr ovd)ijﬁ‘\e searchm @smﬁ@m pgmcbmmtlmf qro%g,,tg,\q pymber of

diverse signals. |wdlée §Sto accumulaté &y gtoredkin 'Wilshesympehtazdumulation

multiple tine T es ts ke, el egent. arch
rakes at a coﬁrﬂ) hﬁ‘(‘ﬁf Sgccé’& Xfoégeas %%%%ﬁ%esu%?’%ﬁgkfgp?%ﬁes or
162 as explained in det'Hlld! smtmscpﬂmt ;orndrlal gearqhy, offpetsbuffer- 308 ds specified with
search parameters 91‘ Vf‘esb[iﬁ'i&@t eThBadta rbffé&rcdiftr(ﬂ}imli& tsamples are

accunul ate at each S, two. . Fl 7 h
repeated at the saFﬁ?‘%‘Fq‘é‘BY degimation ﬁ%)}?tcﬁt}g ' GET@\XF §$F’§"?%¥§%‘19“ 5@746 Due
data. Note that antenthe swopl Walkslf fsymhol wiste: aantsnnmsmp!m

2 5 of data théﬁxghhﬁndﬁtt Fhé BifoedtSvA1a8 BFAhE MtaringCofEsit i9 uamm PN‘Q:hlp less
search rake | cat Q& S witten during the search rake

shown on FIG 6. | ﬂ"’m tion, nenmory locations 180 degrees
away from each other  Up umtibthis point; ithe g&m@@nﬁmmm’n to perform a sggreh has

ng?' ﬁt ing the tWwopaat WRHIGHR] HEabality’ HePe drd sevEial Gimies 6f prodefinéll searches.
Searching process We%\ng%gn{[o e :[I.:I?ll #Et)i‘ally()fatftesgxtpts b L8RS 8 gystempﬂoégndl LPbeacon
20 signal called a preamble using the Walsh zero symbol. Walsh zero symbol is

: the Walsh symbol which contains all logical zeros instead of half ones and

" zeroes as described above. When a preambie search is performed, the searcher

looks for any remote unit sending a Walsh zero symbol beacon signal on an

access channel. The search result for a preamble search is the energy for the

25 Walsh zero symbol. When an acquisition mode access channel search is
performed, max detect 160 outputs the energy for Walsh zero symbol
regardless of the maximum output energy detected. The control word stored
in control word buffer 346 includes a preamble bit which indicates when a
preamble search is being performed.

30 As discussed above, the power control mechanism of the preferred
embodiment measures the signal level received from each remote unit and
creates a power control indication to command the remote unit to raise or
lower the remote unit's transmit power. The power control mechanism
operates over a set of Walsh symbols called a power control group during

35. traffic channel operation. (Traffic channel operation follows access channel
operation and implies operation during an active call.) All the Walsh
symbols within a single power control group are transmitted using the same
power control indication command at the remote unit.
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amount of the advance is equal to the wdth of the search rake processed,

i.n this case 12 PN chips. As specified in the search paraneters, the
search wi ndow width is 24 PN chips. The width of the w ndow vvi I I
deter m ne howg, dgany search rake offsets are needed to CQEE

search w ndow. ?n thrs 3 5 case tw different offsets are nee to cover
the 24 PN chi p wi ndow w dt h. The wi ndow wdth is indicated on FIG 8
by arc 412. The second offset for this . S82arch wi ndow begins at the

of fset following the |agj, 0 Jﬁﬁecrﬁ:edtﬁﬁ 'tﬂg}referred ﬁgggﬂng&kgﬁ ﬁﬂadpresent

conti nues around to the non na zero as se
| ocation of the beifiviention, dhe tsign |1F'%1P~Slmﬂqde xs&ientﬁmeteewylsaefcammble rate

Agai n WO 9648FiRgraffic channel operation. The rate used by the remote umt to transmit
PCT/ US96/ 07567 here, ar.e

24 rake el ements M‘%%ﬁ‘%tatlﬁé’“é%‘&m“r%‘ﬁe"aés sﬁ?&’l"cﬂ?‘%ﬂg Bbe searchmgr ZAés the

432X nost of wHl chcensecutive symbols avgadoqumdated, itristimpezative that thefdinsmitter is

by the arcs 430A S
ASOFE. anathe Ias?ét?gﬁﬁad Bhuaum h@sacemﬁﬁuoﬁz caﬁgeaﬂ Walsh Symifié in a

ad aS|n| ate arc 432X, abut eang&r@; ?
antenna sanpl e buf PEWeY gontrol group are gated, a5 a.group mepping ols
~ repeated on the oppamptising adpowfer control grdmhathaprdferrbdfeftﬂjodiﬁﬁnﬂ"aﬁélangated
t he search rake |n?g ?ﬁ % ﬁ gpeated in FI G 7 because the search

at® eac

par anet ers deS| nbol is accunul ated tw ce. he
conpl etion of lt e secon@‘%d’(hﬁﬂ ¢ gearch parameter specifies)thata dﬂu?adlﬁé of Walsh
integrated search gymbebsbe ditimulatedaidusinige tiaffibeghamnel operftiei,htlie sediching

wi ndow. The subse \ t

could specify a ngg/ an sZ%ﬁ.ngO @gr%gwsg%dmﬂg o %%‘8 ergi “H%I'ﬁlgosc]géleoéow?r
the boundary’ bet we€MirelesTouRrd The conirrl word stored inyFontzolwprd buffer 346 includes a
is marked wi't h | abpbwéBcontrol gidup ﬂ;gﬁdaa\ﬁ:iﬁuntmtu the polfer doatriob gronp Aligament

410. The si gn mbﬁhsétnge%iigﬁ}&dp%%@hgh#% ec{h%Fl seatc Ortﬁgs&g%lﬂg focess

| abel s 410 an 436 1's referre
chronizes to the next power control group boundary instead of just the

nex’c offset Walsh symbol boundary.
The control word stored in control word buffer 346 also includes the
peak detection filter enable bit as discussed earlier in conjunction with FIG. 8.
20  The searcher operates either in continuous or single step mode,
' according to the setting of the continuous/single step bit of the control word.
In single step mode, after a search is performed, -integrated search
processor 128 returns .to an idle state to await further instructions. In
continuous mode, integrated search processor 128 is always searching, and by
25 the time channel element microprocessor 136 is signaled that the results are
available, integrated search processor 128 has started the next search.

Search control block 166 produces the timing signals used to control the
searching process performed by integrated search processor 128. Search
control block 166 sends the zero offset timing reference to short code I and Q

30 PN generators 202, 206 and long code User PN generator 204, and the enable
signal to decimator latch 218 and the select signal to MUX 216 in searcher
front end 174. It provides the read and write addresses for PN sequence
buffer 176 and even and odd Walsh chip buffers 168 and 170. It outputs the
current offset to control the operation of despreader 178. It provides the

35 intra-time slice timing reference for FHT processor engine 120, and
determines whether the searching process or the demodulation process uses
FHT processor engine 120 by controlling FHT input MUX 124. It provides |
several pipeline delayed versions of certain internal timing strobes to search
result processor control logic 254 of FIG. 12 to allow it to sum search results
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strobe and al so indicates that a new Wal sh synbol worth of sanples is

avail abl e. As the search rakes within a wi ndow advance to earlier offsets,.
t he boundary between the read and wite halves of the buffer slews in
| ock step 2 Quo6éispéser ¢l ockwi se as shown in FIG 8. |f afterpdinsesnrse?
conpl etion of the present search window, if a |arge change in the

of fset being processed is desired, the : :;fset Val sh synbol strobe
may be advanced a | arge portion of the g rcunference of the circle.

EISG tghiassgafgﬁgfhproc lds:f% ff&l’té)i’drdf EIJ‘H(f*al rWQfsﬁ g lldggé#gia&ﬁﬁsor&a%&h
units of vwcgntrs@h{ﬂﬂ%sl GA?’FPKMZE %TFFEIWEPP Lm%‘ﬁa?fm

sequence : bufanténria/ thforitation esmspmﬁiin o alconpuldted met vxﬂuax stored.
also inunits of Wl sh £
two Wal sh synbol s deep, In FIG. ﬁ/ nna sarrp taﬁf%%y’?@ tﬂ&’%f‘& O}fg& tifhe

SSIN
on even Wl sh s§nbaeference. mlthga:rre&redosmmmient agtpramwéypd gs ¢§r§tm
9 shows the addressgsckfing # eight timed he BN éllifadted Thet 20é 266 PN df.a Walsh

Caken directly fromVERESy A8 Qgi‘éfsmkoérnsnba“}%%l onl)"edlip Fcp soral

181 into antenna saof]ﬁl’é.?iﬁﬁ‘ﬁal swt@tglqckswppmeryzomrobgmme erefore in the

:algfleln Egd |3. ge Tf&glpeifebﬁgéf d egi W &&hm;é cbﬁh9342 baa&nﬁéﬁé&%i al fburteen bit
sanples for a i%nglcé’ unigre 85‘7’ %tepagl@c% %ﬁt’é"%‘rté %%ﬁoéts@ﬂﬂ

in FIG 9 as nearl woderItath thglenerators 20R)i266 and long coderidsdrsPN @enefioh204 of

rake el ement maps tigcay S,Jaalwﬁ%nt Bnd 174 is Mﬂbnagygt&i\%@%hﬁt 582 (Long

vertical axis and 1/ 2 Y, % as referred .t h

hori zontal axis. &g@ )@gf&gr tor 204 output 1s also based on a longer system wide

PCT/ US96/ 07567 reference which does not repeat for approximately 5@ flays. The longer system

The verti cal d@ef‘é?e{ehéei@h I&P‘b @Eéh foR t
am e &@Aﬁm rglﬁﬁxgaﬁ egsaé&raaé@asHﬁzrese

caused by deno Ipterru n ar rocess .t o .us
processor engine 17 “‘E)egglf qug o‘P thfg;b Fﬁ‘f r%rrfﬁettYﬂﬂeéﬁcfoﬁEQ d by
first system time count 342.) The addresses for PN sequence buffer 176 and even

and odd Walsh chip buffers 168 and 170 are taken from system time count 342.

. System time count 342 is latched by latch 328 at the beginning of each time

20 slice. The output of latch 328 is selected via address MUX's 330, 332, and 334

which provide the write addresses corresponding to the current time slice
when these buffers are written at some latter time within the time slice.

Offset accumulator 310 keeps track of the offset of the rake element
currently being processed. The starting offset as stored in search offset

25 Dbuffer 308 is loaded into offset accumulator 310 at the beginning of each search
window. Offset accumulator 310 is decremented with each rake element. At
the end of each search rake that is to be repeated for further accumulations,
the number of rake elements per search rake as stored in rake width buffer 312
is added back to the offset accumulator to reference it back to the first offset in

30 the search rake. In this way, the searching process again sweeps across the
same search rake for another Walsh symbol accumulation. If the searching
process has swept across the current search rake on its final Walsh symbol
accumulation then offset accumulator 310 is decremented by one by selection
of the "-1" input of repeat rake MUX 304 which produces the offset of the first

35 rake element in the next search rake.

The output of offset accumulator 310 always represents the offset of the
current rake element being processed and thus is used to control data input to
despreader 178. The output of offset accumulator 310 is added by adders 336
and 338 to the intra-time slice timing output of system time count 342 to
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priority use of FHT processor engine 120 whenever it has a current or
queued 5 set of data for processing. Therefore typically use of FHT
processor engi ne 120 is given to denod front end 120 on-each Wal sh
synbol bounda;, 635 corresponding to a PN offset that is bpeRgsssnrser
denodul at ed by 3 25xfront end 122. FIG 9 shows the sane
search rakes shown in FIGS. 6, 7, "and 8. For 10 exanple, search rake 194
has 24 rake el enents each of whi ch correspond§4 one to the read

arcs 404A - 404X o ress Jridk ‘gﬂﬁ{rplﬂ ﬁﬁllées 4eorrespon 6 & rake
410|nd|catesthe% Q’Ff&gg}i (W;Beca"stroecrr o) ﬁ

poi nter on FIG 6elqléelﬂfea'5h*t ﬁEtR}’érqf ech A ard éﬁéﬁ a%%%ééﬂ‘%ﬁéﬁfesﬁmxﬁea” ’
beneath write poi nirRY3325th r'BbﬁieCKtwemsh:ﬁ mmffﬁrmeeacakédmsmsents with a

15 search rake indica s the step fr %?gétdsam{‘%f’é%w g%ar&qnég,{%g by

195 corresponds t shown 1n nd search tﬁ
196 corr &8s pmﬂspamtoh&%wﬂ'clﬂm aRtputrRf Fystem time cgunt 342 to form the offset

the search wi ndow Waidn8¢mbsl fs&ebaawmm Ricdicaes hat QRtehrdsimfste buffer 172 has
el enents per searchfflake ar.e agec fie evan thou%eé he search rake has 32 2
0 available tine fficieat valid %??E B? &lsed in one tine

slice. However , |Seareh make pount 3281 keepsotreck|of ths numbensd rake elemsots
gr i Egis(ea\e/gielnggfz remai gtos’r?é"‘ﬁf&eés@a%t E%&rﬁeﬂt BErEl Al SeaFER ralkd chuinlfB20 is

t d 122
of the avail aBi® tlopded) withsthg W'ﬁgﬁ of the PFﬂ'%ErW&% évgrpas %E%‘ie Fg%gg%&sonﬁth

tinme del ay associ dbefferdld at thekeeghthingosf asedrch witdoweBeapclocakes coust 320 is
wait for the wri tiﬁn@e%&ft@dt&efr' the. ﬂé&@e@%‘[ﬁ%% gl tﬁl?laKWélgh sy mboldﬁﬁﬁn?l‘iaticﬁleof

advanced of f set.. ronjze
slice processing b@ﬂfhcﬁ&ﬁ';ﬂ'aﬁﬂ‘érlssﬁg‘ﬂ#%wﬁelm ‘%W-‘%Qarmb‘F‘ ﬁur
Al these factors giewehichawindde Mave boen sed)fToq:Irevadleeamuheatmlmlhht reend

nge el errg:l?g fe&hge(g#gg)\tesée cosﬂléa e |ncre g?eg&sucﬁ %df%u 9@5#{:

end 122 has only om;mt 320 is gumned by summsrddwi ?QHEH“
interrupts FHT protRéead of the séatch WeinddW mdicatien nvarks the I’tﬁhe at'ﬁhhifchf antenna

in the preferred enhg rgsl[ ) Q?%?yw%meﬁllégﬁﬁk&tglsﬁmﬁm% r??ﬁﬂérﬁghve

rake is control | abPEB m Cr opr 0cessor
al ternative enbodi antenna mh@%mn éar thecpext seargh pathays dispupting the

could be a fixpg cestbAdineeded for the curréi{teiear@iwmdmm be si gnl fi cant
overhead del ay when sw %ﬂ&ﬁ% félihetﬁ nucrﬁﬁﬂ{cﬁgs 21 Srﬁ%ﬁ 2ifitls 4 SarliRithdb®,

t he sanpl e buffer or chandi tin | nt, or
wi dt h between sear #tfan, SPFFIfb%@ rthkéeﬁébd@n&"w be per or a pluality of antennas.

In such a case, the identical search window parameters are repeated using
samples from a series of antennas. Such a group of search windows is called
25 an antenna search set. If an antenna search set is specified by channel element
microprocessor 136, the antenna set is programmed by the value stored in
antenna select buffer 348. After the completion of an antenna search set,
channel element microprocessor 136 is alerted.
Rake element count 318 contains the number of rake elements left to
30 processin the current search rake. Rake element count 318 is incremented
once for each rake element processed and is loaded with the output of rake
width buffer 312 when the searching process is in the idle state or upon
completion of a search rake.
Walsh symbol accumulation count 322 counts the number of Walsh
35 symbols left to accumulate for the current search rake. The counter is loaded
with the number of Walsh symbols to accumulate as stored in Walsh symbol
accumulation buffer 316 when the searching process is in the idle state or after
completing a search rake sweep on the final Walsh symbol accumulation.

(')
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particul ar set of sanples and the next rake for a different antenna needs
t.o use WO 96/ 35268

PCT/ US96/ 07567 26 . an

over | appi ng paiic ogpisadgghe buffer, the next rake nmust postpone WEaRBSHRET
until the next offset Wal sh synbol boundary occurs, at which-point a

conpl ete Wl sh” synbol of sanples for the new antenna source is avail abl e.
In FIG 9, search rake 198 is processing data®roma different antenna than

5 search rake 19¢m&hyike RE FountdlCis! Biri @tlgﬁﬁg%ﬂeliﬁﬁa Hgiearc'ﬁ i 1 §earch

corresponding to t new ant enna 1 nput sa
and 198 do not useraiﬁ?y conmon nenory Iocatlons For every tine

slice, two Wal sh chi ps mavraiﬁdsscdﬁtﬁtt 302 isr Iddded twhérever the irfibfitenna or
buffer and one ful e

buffer. In the pre erre nﬁé‘ rrent egr eﬁg[{gx‘ég&c‘:’%& g%&“ﬁﬁﬁqﬁfmgg of
each tine slice ASiFDP es\the seardhing d’ffog%ﬁﬁfm eedsi to praepss Qé@amh raker basetsomithe
sarm: es: ogt: me | h e &I r&RﬂﬁJrﬁﬁhUﬂfe@dlzcﬁéﬂ?ﬁe WaER %@nbtﬁ?l%n@:‘éﬂé%‘th
sanples and | ate n es eferr

sanple is four bi tqé"% %1 §) xt%PcP‘oﬁF'eogP "“M?&‘RP r Wé%%h%?rmﬁa
ant enna sanpl e buf $@PIP712Uff81HZagnnutsVd§ﬂl eopnt 30mmcr&memét When it reaches its

st Ira![ ght Lor war d bUiefrﬁﬁnﬂQ'ﬁitﬂ'F i@%@ﬁ&@%nté}ﬁbﬂpéignm £l alie W%Z@tet%'e% Brocess to
splits the

: nt 1 .
read/ writ eabl & GveRe f“ %@d"‘%ﬂ S#Z\émﬁfsﬁ B{ﬂ"f‘éD%gi%g‘ msap‘h lding coff
frequent wites t osetalndl prodessing when ﬁreeofféeﬁnoﬁsﬁdceﬂwmﬁrchmﬂnﬂmerdormdﬂlow

whi ch toggl e bet wegdghtimifous p@sgiﬁg taON successive cl ock cycl es.
The Wl sh chip sanples ?}?rc even and odd WAl sh, buffers

168, 170 has an arbitrar ‘EEtPrP’EFsFI??e’Eﬁ#ﬁ%Fb S ? ate, 8 SYAC; AL an
Therefore on the factite staad cﬁeanclterr&eqabnmg caritroln35( asaint#ing ahe currenti sthte.

despreader 17§40 frﬁé%ﬂa@e& \Wea ek E%fe?%& qni’ﬁaﬁﬂ%\’ta rtﬁg]liﬂﬂl neg} %e?l a reset is

ngl e Wal sh chi Wlt urr set 'S ob
sing P to c element mo gl uring the idle state, all counters

and accumulators in search control block 166 load their associated search
parameters as presented above. Once channel element microprocessor 136
commands the searching process to begin a continuous or a single step search
20 via the control word, integrated search processor 128 moves to the sync state.
In the sync state, the searching process is always waiting for an offset
Walsh symbol boundary. If the data in antenna sample buffer 172 isn't valid
yet, or if the power control group alignment bit is set and the Walsh symbol is
not a power control group boundary, then integrated search processor 128
25 remains in the sync state until the proper conditions are met on a subsequent
offset Walsh symbol boundary. With a properly enabled offset Walsh symbol,
the searching process can move to the active state.
Integrated search processor 128 stays in the active state until it has
processed a search rake, at which time it normally returns to the sync state. If
30 integrated search processor 128 is in single step mode, it can go from the active
state to the idle state after completing the last rake element for the final
Walsh symbol accumulation for the last search rake in the search. window.
Integrated search processor 128 then waits for channel element
microprocessor 136 to initiate another search. If instead, integrated search
35 processor 128 is in continuous mode then at this point it loads the new search
parameter set and returns to the sync state to await the offset Walsh symbol at
the initial offset to be processed in the new search. The active state is the only
state in which the antenna data samples are processed. In the idle or sync
states the searching process simply keeps track of time with system time

-
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Wal sh chip search offsets, the even and odd Wal sh chip buffer address for
t.he first read are the sane. For odd Wal sh chip offsets, the even
address for the first read is advanced by one fromthe odd address to
provi de a ConggSkibdziE Val sh chip starting fromthe odd gsgnisebrskie
sanpl e buffer. The additional 30 Walsh chips needed by despreader 178 can
be passed thereto by a read froma single Wal sh chip buffer.
Successi ve reads then ensure that there is al%ays a refreshed two

Wal sh chip wide wigg Sgge/v% 7 80 wﬁmésqg%&w ﬁtMéﬁN%éh{eiFfr?{e buffer ﬁ%tﬁmﬁéﬁ%ﬂﬁg

to the current of rocesse

n agaln to, Fl
5, for each rake émp‘-‘f rﬁ%%mﬁwhﬂeﬂﬁ%wm?ﬁ?s{%%%& Actipg

sequence dat a frogtaii\tinegbaffers d@ui'éadytb?iﬁus‘edused in the despreadl ng
process. For every clo cyagl | 28 N-1..
and PN-Q are needed. Etcnégaflss%ﬁg ep r§ rlghe wor %ﬂ Eﬁ St Walél?l symbol

doubl ed and redd meormulationgef the eeconqlr%asdhgal@ 0 at%amh mméewuewbeas search
WO 96/ 35268 rake 196 shown in FIG. 9. The third Walsh symbol as referéridedSQ6¢He Zebd

27 buffer er sl i .S hen erf qr.red,.qn cI e not

used for gﬁs ege" systtem Effﬁg ]f\ mgrr HHY 3@' e slhices.
speci fy searchi ng SEN’ ef state 372 changes from syncvo aﬁawerwbgmthﬂ effSQIWyleh symbol
the current tine, phaHAa hﬁica%iﬁ@&irfes oﬁdm Whish s?ﬁ{b‘éﬁgliﬁafcﬁtéé%ﬁt%a

be stored. In,the preferr yence 1
one hunared ahh"t sBRBlS bufits TR TerDy Yg\flmaelr# Eﬁl{lpﬁ 15 Bpgess ok Hiat offgets | Diring
synbol s are requi lthel riext avsdablec tisteaslice) cthef fissttrakenelement of the bsaréh \takelis

worth of -PN Soqueiaoseth XHE pEutR prbofidRRRnuBr R, tiy StYERtee BT
0 worth of data @%1@&‘%@% H@’ﬁ?égéil}'aﬂ?n ﬁ?&HE%sslmﬁ%ggﬂis‘é“]F?ﬁa
sequence is repeatad ¥22isesks FHA gadbcessor eNgiezl20@s indidated bgo anaMibin ltfme
overwritten dyki ng;bessles AGALRMIRE Pr6ahs FHISRIPPRAEMINS Svery HIQ SedRRl &
the rake and returns to the sync state before the next offset Walsh symbol
boundary corresponding to Walsh symbol 4. Also shown is search rake count
state 362 being incremented during the active state until it reaches the
terminal state, indicating the complete search rake has been processed. Offset
20 count state 364 is shown being incremented between each time slice
corresponding to a rake element, so that it may be used to derive the sample
buffer offset read address during the time slice. Offset count state 364 is
pipelined delayed as offset count for best result register 366. The offset
count 368 is incremented on the final Walsh symbol accumulation 370 pass.
25 Thus, a single integrated searcher processor configuration, by buffering
antenna samples and utilizing a time sliced transform processor, can
independently sequence through a search as configured by a search parameter
set, analyze the results and present a summary report of the best paths to use
for demodulation element reassignment. This reduces the searching related
30 workload of the controlling microprocessor so that a less expensive
microprocessor can be used, and also reduces the direct IC costs by allowing a
complete channel element modem on a single IC.
The general principles described herein can be used in systems using
alternative transmission schemes. The discussion above was based on the
35 reception of a reverse link signal where no pilot signal is available. On the
forward link of the preferred embodiment, the base station transmits a pilot
signal. The pilot signal is a signal having known data thus the FHT process
used to determine which data was transmitted is not necessary. In order to
embody the present invention, a integrated search processor for receiving a
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rake. Therefore an additional Wil sh synbol worth of nmenory is needed to
store the PN sequence data as it is generated. 1 5 The data that is:
witten into both PN sequence buffer 176 and antenna sanpl e buffer
172 is-provid Wr cher front end 174. A bl ock di agram ofper/usesnrser
searcher front en 4 is shown in FIG 10. Searcher front end 174 1 ncl udes
short code | and Q PN generators 202, 206 and the | ong code User PN
generator 204. The val ues output by short cod®’I and Q PN generators

202,206 2 0 and efﬂ-{n |

part by the tine o#lgﬂ ai Qag.p%&%?g E;@Llogﬁliéﬁg ?{] nﬁ@‘&:gaﬁﬂ?@{gr sa ??orﬁeﬁsor or
standard such as GP@ximpmg etq;tlon funchenea%’%r sxampj %g prasessen, epgimgd2l and
st at i OnAfﬂ fﬁ t Lansﬁia%c&:{dtéc& 160 bloks of FIG! 5 evald be replacedwithisimple ddeantidatol 825
units e base_st,ation n or enc

zero of fset becaus® ?lf wa lﬂl |§hé§ t[%‘ %ﬁ%‘c&m&gygr&ﬁ%?s@h%é%&ﬂm sig%alr}?l{saﬂable
The out put of ISongiscenalogous tPNanyeansuisition2owdesatesgs chanpelkeparchypperation as
t he out put of shorae&gggdlabapg Q PN generators 202,206 by XOR gat es 208

and 210 respectively. (Jhis sape progess.is rformed in th rmte

uni t and the out ngmbé‘hﬁ @"’?ﬁ‘iﬂb‘l"a "Pr‘l’% %‘?&)‘feecmrhe gse © perform
transmtted signal searches in aThnetytﬂfmﬂnérsxmlqgmsmrwaﬁhasmlmwraedrch
[ serial toparal kol fdarct 10 pRPhedby? ireaddyselbcrtfe AR 53! dfiets in

regi ster 212 hu fers enc

enc
butfer 176 TH ouPHler Tegarele ftfls alpahili) ek £he eTBGecHY Is transiniting. When
then witten into sdredggefoea Mtbtermi:'?@l@ia] athedtstge estatidra keust fknow the expected

N O a%%ﬁ% sgéﬁé’n‘%%‘?’%?@ﬂi}% ?ﬁé’hm°%@“§§%e of

front end 174 al soamswaa 1y A0 kilomedersimplying arpunc frip delay of350,micrgsgeppds
172. Recei ve sanpl e apploxifitatelyl £30 PN thipe)iantheoprederped rethbédintent. Also, in the

antennas via ?h% igat-ﬂ‘?%&ﬁ &%Eﬁfjvofhee?@ 's@ai@meeﬁoﬁ&ﬂ&t% 1§1ea#e%|%te unit

passed to | at

sanpl es are sel ect Sighabmaycke aﬂayﬁag@mmmsem direcirpath propagation implying
WD 96/ 35268 that searching must be done over a set of nearly 1000 idifférdn® ®N tifséts.

Once a remote unit's signal has been detected and is being demodulated, the
approximate distance of the remote unit is known and the possible PN offsets

20 which need to be searched to ensure that the majority valid multipath signals
are detected are greatly reduced.

Within a given search over a power control group, there are three
reasons why a signal may not be detected at a given PN offset. First, no signal
may be arriving at the given PN offset. A remote unit may provide several

25 multipath signals but the number of multipath signals created is only a very
small portion of all the offsets searched. Thus the majority of searched offsets
do not produce energy results that exceed the detection threshold precisely
because no remote unit signal is present at that offset.

Secondly, the signal may be arriving at the given PN offset but faded

30 during a large portion of the search integration time. As explained above, the
multipath characteristic of a radio channel can result in signal fading. Fading
is the result of the phasing characteristics of the multipath channel. A fade
occurs when multipath vectors are added destructively, yielding a received
signal that is smaller than either individual vector. Thus if a signal which is

35 long term valid happens to be in a deep fade at the time the search is made,
no signal is available for detection by the searching process.

Thirdly, the signal would have arrived at the given PN offset but for
the fact that the transmitter of the remote unit is gated off during the period
of time in question. As explained above, in the preferred embodiment the
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28 have been sanpled at eight tines the PN chip rate by anal og
transmtter receiver 116 (of FIG 4). Processing within the searching
al gorithmis designed for sanples taken at one half the-chip rate.
Ther ef ore onl wowssssggarter of the received sanpl es neewchwsgugsszd t o
antenna sanple buffer 172. 5 The output of the latch 218 is fed to
serial to parallel shift register 214, %gn ch buffers the sanples .up
to the width of antenna sanple buffer 172. Th sanpl es are then

witten into even rafbte dhitVpioduces albriety sighall 6The kéfhotd unit compsskises yasiable

al so taken fromthe, zero ference ti Y.

despreader 178 carf2if i 8ﬁ°fﬁ{ewgh¢eﬁﬁ%d%°§§§faém§? ? ggﬁ%l {TE&%S\Q% dataofps‘%tda\'f\? Pprst
10 respect to theranﬂpm ermines during whi MQP%O%ﬂ?meI@OH@thS
each clock cycle 'd’h@d whikk @ime modgietsaé@aﬂ&rtréﬂs%ﬁ%km theVddta tatebPthe

of antenna sanpl es E nn Ee byffer. 172 and.a corr ondi

set of PN sequ nceslgnﬁ(iﬁgi %&W@Nﬁg q‘héﬂﬁ‘g‘e untt sPSﬁ#Fe% %"5 ﬁfﬁ[a) g

::I gndl(f cEanneI \é\éﬁmb of lday L. Wé\Ehi‘bp;er ablesaiharefdldl rateéﬂ(e datachmgdlstélznﬂomm
shows a m}{a{e %&fcﬂﬁléia

chip latch 220 and odx %)ﬁﬁ %edhﬁ? % at ch b é 1 fdgtn%%vene\%ﬁmlﬂ

chip buffer 168 arifit %‘FFné‘ﬁ’flﬁn fPB‘qu 1 JRngomizes 33 also

extracts the Wal shnclud@doin thebase staubn susald thato the ﬂnasé \wta it sdanchegpeatd the

MX sel ect 1080, %&%ﬁﬁﬂ i tﬂﬁgﬁﬁb%a%&#bﬁéﬁﬁ %f‘é%ﬁ‘%ﬁ"%i‘mg %ﬁ*
on the of f seiPesific; identifyin r%#FdB ionpis\potsavaily %EF
output to O@isléeﬂehm éssXQ& hatdd abb¥e, the eighth rate Hlibd?dadlate&ﬁme

550 Barr el shi ?52#’?@%%1 Aty Sftﬁﬂ\ “%%*ﬁﬂ%&%&%ésn@gﬁ FERATARSs of b qara
based on the of f saateef mweltée m mgr:hgmpeme@ prEaspopdingetp the worthy
the PN sequengé t oproiPSK sifé RbaifispshlR focd kinde Svivdii the eoriedpondling Irgmote unit

i nverts the anten e Y

are then sumed t@%uéﬁg@hﬁyffa gg%ﬁb '\'% %Q{;%@%}% 9? g%ef g%r%?egng
in the OQPSK desprmay, oramymférb%mmsmmngdésmmhagm %mgﬁmme ing
forma Wal sh chip faes, i nput to FHT processor engine 120.

T 110,20200 10 11 Coghen T RapSBTAL s RRRRCA Ty G567 8 Hbiak ia powey
6-stage buttelfdy me@qurementﬁotheeswdyngrwgée@%@n%me semh intggration tmer(le
each of the number of Walsh accumulations at a single search offset) to begin and end
within a single power control group as explained in greater detail above. A
search that integrates only within a single power control group is said to be
synchronized with the power control group boundaries. If the searching
25 process at a given offset were accumulated without regard to power control
group boundaries and the remote unit were transmitting at less than full rate,
valid search results corresponding to a power control group where the remote
unit's signal is gated on may be summed with noise accumulated during a
subsequent power control group that remote unit's signal is gated off. The
30 summation of the search results corresponding to the power control group
where the remote unit's signal is gated off corrupt the otherwise valuable
results accumulated during the power control that the remote unit's signal is
gated on.
One method of searching would be to search only those power control
35 groups corresponding to worthy groups. Even if such worthy group only
searching is performed, the searching process and demodulation element
assignment process must still be capable of handling the situation in which
the energy accumulated does not exceed the detection threshold but in reality
~ a signal is present at the offset due to the unpredictable fading characteristics
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35 the sixty-four Walsh functions in a sixty-four clock cycle time slice.
Max detect 160 can be used to find the |argest of the correlation
ener gi es out put from FHT processor engine 120. The out put of MAX
detect 160 i swogas@soNn to search result processor 162 pogiosysurss7part
of integrated search processor 128. " WD 96/ 35268 :

PCT/ US96/ 07567 29

Search result processor 162 is detailed in FI&? 12. Search result

D v ded to 1t ar SRS chaffel, TSl aohicke MATIANCAheR 510 ““é‘“e e oy
| |
!to he start of q“ﬁB&Wﬂ' ﬁ%m&@I gﬁueﬁv@gerlﬁ %X@QW% t?u!,v ps. 1
obtaining the 5 emexgynisrdetectegyinoaisearch whlchmeammtctoatﬂspendatosaewmﬂ\y group,
h w nd
search w ndow ar? Qaafffdr&'i %ra'i‘iﬁydﬂt‘ﬁsgiﬁg@?ﬁ g%ﬂ@fatf’d W@?%\hdoﬁbt?]w what YWhakiSbe

wort h, of data he ggrru ted resu osen of fset
are processed. 2| n g§eerate ﬁﬁff veorthy, geopp eply qﬁﬁjbxarrpl e of FIGS. 6, 7,
8, and 9, the nunber ofAs notecB)albbvé,Sat eafibleseaich hfidZa sé@rrhcperfermied during

processor 162 perf f n

As search result %@s@%ﬁ"%ggp%g%;#% #ﬁé‘t gnsveic}ver conseghpf%ws&%ﬁm
Wal sh synbol's, it mmtceaa éh@ systeomit sende asheacosr signah called acpreamble jusing, he
searchI r ?_ke- Thesgwawwk ltrrswa[s@\ £4r0" s3anbdl Mﬂil:efwsms boltwhlfl% contains
accunul atl on resu searcn rake ar nKRu 0O

sunmer 242 frg'r?ivI éﬁﬁ?ﬁa@t g?a%feggﬁgﬁaﬂ?gsgln foes %ﬁ%?é?@'?ﬁza‘%%"ﬁs When a
t he present resul tpreamble hearcbrls performedgthersesrchedilooks foxlany remote amitsending

Wal sh synbol accunyhghlsRzeR6! l@&c&ﬂ%l \d13dn WA fless) Bibdinel. Inthe preferred
accunul ati on for eac <a.ake ebr nent, the i madl a .re ulg’mrea r.om

Val sh synbol - accunSiPRPAiREnm e bansmission 1qtg anshyis never
final energy from gated offke Ehenefore durmg)mqa;eantbilmeseasdarthhre dsuhe need for

t hat rakq ¢! efRithréiibs6in wilteteep6whr &&wbr Slsdarsenpared with
t he best results f,ﬂl{lnd in the search ug go S expn % F
bel ow. ere are many configura ons for spr a specE}:rum ultiple access

communication systems not specifically described herein but with which the
present invention is applicable. For example, other encoding and decoding
means could be used instead of the Walsh encoding and FHT decoding. The
20 previous description of the preferred embodiments is provided to enable any
person skilled in the art to make or use the present invention. The various
modifications to these embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be applied to other
embodiments without the use of the inventive faculty. Thus, the present
25 invention is not intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with the principles and novel
features disclosed herein.
WE CLAIM:
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I n the above mentioned co-pending U S. Patent Application Serial No.
08/ 144,902 entitled "DEMODULATI ON ELEMENT ASSI GNMENT I N A 25 SYSTEM
CAPABLE OF RECEI VI NG MULTI PLE SIGNALS, " the preferred enbodi ment
assigns the dwyoeieieat i-on el enments based on the best results PCI/USIF7SHH a
search. In the present preferred enbodi nent, the ei ght—besi—r-esui—ts—wee——
stored in best result register 250. (A Iesse%oor greater

coul d be stored:in other enbodi nents.) [-nternedi at m ![&Mi, ﬂl[‘
164 stores the 3 0 peak val ues and thei r QIAINE®ONdi Ng r+an

current search result energy exceeds at |east one of the energy val ues

In internmediate result regi ster 164, search result processor cagntrol
| ogi ¢ 254 discards t hd. ei gifs meathed of receiving @ sighal ¢om PL A STPUR Gf spread

reglk Stte[] 12& ?][105 e@ﬁﬁhﬁd%all{ﬁgﬂﬂlé/ﬂ@ﬁhkta cohenen frequeticybdrids whppeinpedcht of
ran e offs and ,ant enna cey r.es

result. Al Iesse?al‘i'l caif; g“%%ﬁ%?‘gglsggﬁ %égfﬁ%&&dggﬁgm%sre
a great nunbed ofofmeﬁhexil!aengthllnﬂora)smesmftsymhﬂs mrelprammmé said symbols are

sorting function. one H\@%@l}%?ﬁngwrb&ﬂﬁﬂdg%ﬁﬁ Whérfedn SéaRResyRhbol in a

this invention,
PCT/ US96/ 0756 common power control group is transmitted at a comgpon power level and

Search result prowhersn safi? poagraohtrohigroupsafd transmitbed ém buysts,canpst lsphhn'g‘
conpar at or 244, an %’,&xs DQI? fdend e

enabl ed, preveknt sg?én)f’g\rélf‘mfe&ld?%]?% esuk‘% 4‘% ;;?654 %iggl n ﬂl;égtc?aéaél % \é’é{;
though a search rezengthata pathhdelay Bl“ﬁe‘? %effqmaﬂ ZexP P ¢reure, Hme, §

S the search @ esplethddespfibing thelsteps ofrul ti pat h peak In this way, the

| ocal peak fil ter ﬁ{é@ggé%‘&h&?er rrela{ %Pﬁrgé Efkce Blkdst Path fr om

filling multiple e resul’t reg) stef 164, Ie
no room for vedker butstonnga&mmewemetpé@e signal ??d?Pl‘Pﬁl@E pEmple b

candi dates for deﬁ?ﬂﬂg hﬁﬁted 51ze, The i npl ementation of the | ocaI
peak filter i 4 straig &f Wac‘{mg a ﬁrst fixed length set of said call signal samples from said
sample buffer corresponding to a first path delay time with a first set of PN
16 sequence data bits from said PN sequence buffer to produce a first despread

output;

18 - storing a second received set of call signal samples in said sample
buffer; and

20 despreading a second fixed length set of call signal samples from said

sample buffer corresponding to a second path delay time with said first set of
22 PN sequence data bits from said PN sequence buffer to produce a second
despread output;
24 wherein said second fixed length set of call signal samples comprises a
large number of the same call signal samples as said first fixed length set of
26 call signal samples and wherein the length of said first and second received
set of call signal samples is a fraction the fixed length of said first and second
28 fixed length set of call signal samples;
wherein said steps of storing said first and second fixed length set of
30 call signal samples and said steps of despreading said first and second fixed
length set of calls signal samples are performed independent of a probability
32 that said one of said call signals is comprises one of said power control

groups.
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10 'energy val ue of the previous rake el enent sunmation is stored in
previ ous energy | atch 246. Im ml mwllmmﬁl enment summation is
conpared to the stored valu M4. The out put of

conpar at or 24woiogméest es whi ¢h &f Fts"twb iputs is | apgeussnesey s

| at ched in search result processor control logic 254. If the previous
sanpl e represented a | ocal maxima,” search 1 5 result processor contraql

| ogi ¢ 254 conpares the previous energy result4lith the data stored in
internmedi ate result regi ster 164 as descri bed above. If the | ocal
peak filter is disable hang_tﬂ ‘lrerrent. m. CrLo Hogessor t hen F d
conmparison with inter 'dl at q ’é"é"ﬁw as ascog} S %ﬁf‘%‘ﬂ’o pprea

ei t her tPe Ispecirum signalsesharing raammwréwquemc}{ lbendcand fsolatinig\a first
boundary has a 2 iggrna;'fmﬁ athBRE salte Q)f' si:lr@ﬂi 's?e&%nﬁ@ighﬁ& RPHQQ?ﬁﬁ'ne a

edge val ue can

I der
si npl e i npl emeﬁt ats’r ﬁfg‘satl%e%#‘ %)R qo&et ralamogﬁsgﬁgference time of
progression of t heardeén‘st srgml dwherein eaids firbo bignal tdomprisesearsehies adfesynmbols

st rated | nGFl Gherdin & cdrieBF sfia Wrilichs r35Ap el el & k@ﬂa@&t

2 5 progress S|gna arriving Sion
means t hat \mﬂwcm gach symbali lndewommm symbelret i mﬁml ed at s fixe

rakte and the f8][ fStpower levdélalﬁfl'le@élﬁfﬁiﬁhedéfvhet dyenbolsea Ry tbesﬁﬁiﬁhxtﬁeak? Ay ariety
contiguous in offset_. or on s
ot have to changdtgaisvels Whielh Bhid ?ns%nﬁéﬁ%‘?% i S 40 0
search rake bbOndavherein tTansmission of saitk finsl signpl c;eegatedg off, s saidc method
w ndow, the val uegofidt Kk steps of:i Nt ernedi ate result regl ster 164 are

transferred tp,best resuli,re channel el ene

ni cr opr ocessor2136 Seﬁ?acrﬁh}’gﬁlérsﬁlssgé’gsc&p Tgﬁgﬁsaml’f}%aéorf “ﬁ amEleﬁ
of the workl oad fsymboletforisaid dirsihsignal at arfizstopifsrtctos prodis®, avﬁnSt power
the system of 1 §l Gesimae€tRéreb handl e each rake 3 5 elenment result

|ndependently The ns_have focuse n the
processing data path oFeaml'“ng??F{é ﬁ Jéﬁpgaig Olpﬁa&pg a'?WWa%d first
detai |l ed how 1&w @ymbholset for sani:ﬁn;tlse@ajm sauieﬁrstaxﬁbemmproduce aasecondypopver
mul tipath report alstibiate Hésebf; Of '

18 summing said first and second power estimates to produce a symbol
set power level estimate at said first offset;
20 searching a third set of call signal samples corresponding to a second

symbol set for said first signal at a second offset to produce a third power
22  estimate thereof;
searching a fourth set of call signal samples corresponding to said
24 second symbol set for said first signal at said second offset to produce a
fourth power estimate thereof; and

26 summing said third and fourth power estimates to produce a symbol
set power level estimate at said second offset;

28 wherein said first symbol set and said second symbol set correspond to
' time contiguous symbol sets and wherein said steps of searching are
30 performed continually regardless of said fixed power level.
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31 best result register 250. The follow ng sections detail how the
each of the el ements in the search processing data path.are
controlled. woo963528 Search control block 166 of FIG 5 | ecumsssndrss? i n
FIG 13. As nentioned previ ously, channel el enment mcroprocessor 136
specifies a search paraneter 5 set including-the group of antennas to
search over as stored in antenna sel ect .buffer 348, the starting

of fset as stored in search offset buffer 308, the nunber of rake

el ements per search rake as stored in rakelfdddth buffer 312, 'the width
of the search wi ndow as. stored in search width buffer 314, the nunber of
Wal sh synbols to accunulate as stored in Wal sh synbol accumul ation 10
buffer 316, and a control word as stored in control word buffer 346.

The starting offset stored in search offset buffer 308 is specified with
eighth chip resolution. The starting offset controls which sanples are
renoved by decinmation by latch 218 of FIG 10 in searcher front end 174.

Due - to the two Wal sh synbol w de antenna sanple buffer 172 in this 15
enbodi nment, the largest value of the starting offset is half of a PN chip
| ess than two full Wal sh synbol s. Up until this point,

been di scl osed. In
ches. When a
it sends a beacon 2 0

the generic configuration to performa search ha
reality there are several classes of predefined
remote unit initially attenpts to access the sys{e
signal called a preanbl e using thetstr—zero synRd Wal sh zero synbol is
t he Wal sh synbol which contains al\ | ogical zeros pad of half ones and
zeroes as described above. Wen a pyeanbl e sear.ch ig \@er t he

sear cher | ooks for any renote unit sending a Wi nbol beacon
signal on an access channel. The search result a0 | e search
is the energy for the 25 Wlsh zero When an =2 i tijpn node

access channel search is utp the energy

for Wal sh zero synbol l e m N

ynbo reqa _ \NW\ outgmuly ener gy
detected. The control word stor® in control\.\\ uf ffer %§6 i ncl udes
a preanble bit which indicates\when a preanblﬁwa»a chf s peing
performed. 3 0 As di scuyskd above, the powerygongrolg nmeghani sm of

the preferred enbodi nment
each renote unit and

Nsunes the signal eijed from

| 2
FIG. 1




creates a power contro

| ower the renpbte unit's transmt power.
operates over a set of Wal sh symbols called a power control
5 traffic cheyoegsssgger ation.
operation and inplies operation during an active cal

synbols within a 'single power control
power

channel
the Wal sh
transmtted using the sane
remote unit.
PCT/ US96/ 07567

(Traff

WO 96/ 35268

Al so as descri bed above, ﬂ
i nvention, the signal tran
during traffic channel oper
transmt the data is
process. As the 5 conse

DN.

that the transmtter is

Conseeutive Wl sh synbola' Rt

i ¢ channel

contr ol

power contro

indication to command the renpte unit to rai se or
The power control

nmechani sm )
gr.oup during 3

operati on f ol lpCERISHEHTISETS

) Al

group are
|nd|cat|on commuand at the

32

preferred enbodisnent of the present
ed by the renpte unit is of a variable rate
The rate used by the renpte unit to
nown at the base station during the searching
e synbol s are accunul at ed,
10t gated off during the accunul ation.

group are gated as a

it Is inperative

group neaning that the 6 synbol s conprising a power control
group in the preferred enb Sigent are all gated on or all gated off.
10 Thus when the sp parameter specifies that a plurality of
Wal sh synbol s be accl it ed durhﬂ channel operation, the
sear chi ng process m gn each\aear rgke to begin and end within
a single power conj p The gont ol rd stored in control word
buffer 346 includes a & control grgup alignnent bit. Wth the
power control group ali\g bit sel toQone lindicating a traffic
channel search, the sear Cesp nc 2o r
control group boundary i jupt the € next offset Wal sh synb
boundary. Th wof d s ore§ in 344
al so includes the p=
o
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peak detection filter enable bit as discussed earlier in conjunction with

FIL.G 8. 20 The searcher operates either in continuous or single
step node, according to the setting of the continuous/single step bift
of the contr ol Wa96a5268 In single step node, after a sear CPciyBses07567 -
perfornmed, integrated search processor 128 returns.to an idle state
to await furthér instructions. In conti nuous node, integrated search
processor 128 is always searching, and by 2 5 the tinme channel el enent

m croprocessor 136 is signaled that the regydts are avai |l abl e,

integrated search processor 128 has started the next sear.ch.

Search control block 166 produces the timng signal g108ed to control the
sear ching process perfornmed by integrated searcheﬂgébessor 128. Search
control block 166 sends the zero offset timng r rence to short code |
and Q-3 0 PN generator;—ﬂﬁ& 206 and | ong code User PN generator 204, and
t he enabl e si gngt deci mator |atch 218 and the /ER to MJUX
216 i n searcher £ d 174. It provydmgigkg%

addresses for PN sequence N LI Y/ plommca d N§p
buffers 168 and 170. It outputs th¢ u ren1 offset to control the
operation of despreader 178. It prJ éﬁﬁ%%qr intra-time slice timng
ref erence for FHT processgr engine ER det erm pes whet her the
enmodul at i on8b$86@§§1uses HT processor

HT, t MUX 124, 1t prew 106sever al

searchi ng process or the
engi ne 120 by controllff

pi pel i ne del ayed versi g certain internal timng s to search
" result processor contr( glc 254 of FIG 12 to allow sum sear ch
- results - . WD 96/ 3§
PCT/ US96/ 07567 across a
rake of offsets for an er of j . earch
control block 166 provi best i th he pi pel i ned

of fset and ant enng iinformati on coO
val ues stor ed. In FIG 13,
the zero offset tine

ATQ to acc | at ed energy
} count |32 is slaved to

104

§

FIG.3



5 reference. In the preferred enbodi nent as previously detailed, the
system clock runs at eight tines the PN chip rate. There are 256 PN
chips in a Wl sh synbol, and 6 Wal sh synbols in a power .control group
for a total WO96/38%86 x 256 x 8 = 12,288 system cl ocks per POTES6OTSsT I Ol
group. Therefore in the preferred enbodi nent, systemtine count 342
I's conprised of a fourteen bit 10 counter that counts the 12,288 system
cl ocks. The input reference for short code | and Q PN generators 202,
206 and | ong code User PN generator 204 of . FIG 10 in searcher front
end 174 is taken fromsystemtinme count S‘y (Long code User PN
generator 204 output is also based on a | onger system w de ref erence
whi ch does not repeat for A oxinately The | onger system 15

w de reference i s not cg - = : E as a
preset val ue. i Jome)| =t BXue is
controll ed by ; : P

buffer 176 and evd ' 1d § gt aken
fromsystemtine d 2 ' ’ py-114it ch

328 at the beginni
sel ected via addr g
addr esses correspqn
are witten at sor
accunul at or 310 Kq€er
currently being:pr
25 buffer 308ii s
each search :
rake el ement. At
for further accum i sear ch.126
rake as stored in | S s
accunul ator to nef
rake. In this wgy,
same search rake f
process has smept
accunul ation thén
of the "-1" inpyt

1§8IS
whi ch provjde the"wite

TT%FR oT 158 off§éf'6f'fﬁé'FéKéWﬂﬂﬂﬁﬁﬂ """""""
Ew ting offset as stored in seaS%EA@Hﬂggt

304 whi ch produces the of fsE

Tl

first 3 5 rake ¢ segrchr—rake: ] tpqgo:
of offset accumil g — |
current rake el eng | Py,
to despr ¢ad : t of offset q i geg- by !
adders 336 ¢ Jand B38ANSMINS tr t! I 0) mj
time count 342 to SUMMER "'FMO% mi"oiz %CORRECTION E
3 DECODER |
' y !
144 134
OUTPUéﬁggﬂd
TREAM 136
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WD 96/ 35268 PCT/ US96/ 07567
34 generate the address sequence within a tine slice corresponding to
a rake el enent. The output of adders 336 and 338 is selected via
address MJUX' s wa0e635268 and 332 to provide antenna sanpl e buffCIUse&@®rIsszxad
addr esses. The out put of offset accumulator 310 is al so
conpared by -5 conparator 326 with the output of systemtinme count 342 to
formthe offset Wal sh synbol strobe which indicates that antenna
sanpl e buffer 172 has sufficient valid data for the searching process
to begin. Search rake count 328/Beeps track of the number of
rake el enents remai ning to be processed in the current search rake.
Search rake counr 320— s ‘;Q'— [-Dated™ wimt ™ the™ Wit OF ThT Sedrcit Wrndow asj
stored in search width © buffer 314 at the beginning of a search i
wi ndow. Search rhke _co@ &0 is I ncremented after the processing of
the final Walsh gynbol é | ati on of each search rake is conplete.
When it reaches jts terdi wount, all offsets in t he search w ndow |
have been processed. T ﬁr—de a indication that the end 15 of the
current search window i‘e i Oy

320 is sumed byjsumerg

The end of the search w

@ nent, the output of search rake ‘count l
fwith the output of rake width buffer 312. |
tgvindication marks the tine at which antenna I
sanpl e buffer 172 may beg to be filled w data sanples from an

alternative I an ' [ epar at i omfog't he next search w ndow without!
disrupting the 3 Ogjcontergs peeded fof‘éJ hg current search wi ndow. l
When channel el egen m%rg ocpssor 136% fies a search w ndow,

it can specify t hat henﬁae@ch w ndow b erned for a plurality of
ant ennas. II'n quck @ Qasp, the id Ea-‘:‘c search w ndow paraneters ar el

repeated using S l@s Jrom a sefFedpf antennas. Such a group of |

search w ndows i? calll ed AN antenneg gch set. If an antenna search |

set is specified*by chan oy E I
| o — —
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nicrdprocessor 136, the antenna set is programmed by the value stored in
antenna sel ect buffer 348. After the conpletion of an antenna search set,

channel el ement m croprocessor 136 is alerted. Rake el enment
count 318 contWO96/35268 nunber of rake elenents left to 3 0 peroswarsshy the
current search rake. Rake elenent count 318 is increnented . once for

each rake el enent processed and is' | oaded wth the output of rake
wi dt h buffer 312 when the searching process isinthe idle state or upon

conpl etion of a search rake. Wal sh synbol accunul ati on count
322 counts the nunber of Walsh 3 5 synbolgyiseft to accunulate for the
current search rake. The counter is | oaded w th the nunber of Wl sh
synbols to accunul ate as stored in Wal sh synbol accurrul ati on buffer

316 when the searching process is in the idle state or after
conpleting a search rake sweep on the final Wl sh synbol accunul ation

WD 96/ 35268 PCT/ US96/ 07567
35 O herwi se the counter is incremented with the conpletion of each
search rake. I nput valid count 302 is | oaded whenever the
i nput antenna or deci mator alignnment changes. It is |loaded with the
m ni mum nunber of 5 sanpl es the searching process needs to process a
search rake based on the out put of rake width buffer 312 (i.e. one
Wal sh synbol plus one rake wi dth worth of sanples). Each tine an
antenna sanple is witten to antenna ~sanple buffer 172, input valid

term nal count, it
ess to 10 begin.
! di ng of f

yndows do not

count 302 is increnmented. When it reache
sends an enabl e signal that allows tj earching pre
I nput valid count 302 al so provideg e mechani smfor
search processing when the of fseyf off08uccessive sear
al | ow conti nuoud0docessi g of data.

410

sor ) [ 4025F, |
4024
404p\ | | 404A
404
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404X
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The searching process operates in either an idle state, a sync state, or an
active state. Searcher sequencing control 350 maintains the current state.
15 Integrated search processor 128 initializes to the idle state when a
reset is w9528 t o channel el enent nodem 110. During tberuosisarsy at e,
all counters and accunul ators in search control block 166 |oad their
associ at ed search paraneters as presented above. Once channel el eqpent
m croprocessor 136 comands the searching process to begin a
continuous or a single step search 20 via 448 control word, integrated
search processor 128 noves to the sync state. In the sync
state, the searching process is always waiting for an offset Wal sh
synbol boundary. If the data in antenna sanple buffer 172 isn't valid

yet, or if -the power control group alignnment bit is set and the Wl sh

synbol- is not a power control group boundary, then integrated search
processor 128 2 5 remains in the sync state until the proper conditions
are nmet on a subsequent of fset Wal sh synbol boundary. Wth a properly
enabl éd of fset Wal sh synbol, t he searching process can nove to the
active state. I nt egrated search processor 128 stays in the
active state until it has processed a search rake, at which tine it
normal ly returns to the sync state. | —mt-egLat ed search processor 128
is in single step node, it can gg om t he actlve state to the idle
state after conpleting the |a rake el epeat~far the finaN Wal sh
synbol accunul ation for thegsTast se ; garch Qdow.

I nt egrated search procesgfOr 128 =T\ e . enment

m croprocessor 13¢dx ifitig 'nteg'.ted
search 35 processo 28 |8 QI Nt N\t | oads
t he new search par L Er ;§§£ t o\awai t
the of fset Wal sh syfibol /3 ocdssed N\ the

new search. The acfive/gibte is
data sanples are procggsed. In i ates tha
process sinply kdeps/tfpck of e
PCT/ US96/ 07567

r]QOFF
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36 count 342 and continues to wite into the PN sequence buffer 176
and ant enna sanpl e buffer 172 so that when the searching process does
nove to the active state these buffers are ready to be used.

FIG 14 is an WQ&B268y tinming view of the first Wal sh synbol pctrusesnrss?
accunul ati on of the second search rake in a search w ndow such as search
rake 196 shown’in FIG 9. The third Wal sh synbol as referenced to the zero
of fset reference systemtine clock is shown di.vided into thirty-two tine

slices. Searcher state 372 changes fggfgsync to active when the

of fset Wl sh synbol boundary indi cation corresponding to Wl sh synbol
3 indicates that antenna 10 sanple buffer 172 is ready with valid sanples
to process at that offset. During the next available tinme slice, the
first rake el ement of the search rake is processed. The searching
process continues to use each tine slice to process a rack el enent as
indicated by an "S" in tine slices 374 unl ess denod front end 122

uses FHT processor engine 120 as indicated by an "D' intine 1 5 slices
374. The searching process finishes processing every rake elenent in

the rake and returns to the sync state before the next offset Wl sh synbol
boundary correspondi ng to Wal sh synbol 4. _QlJsaealown i s search rake count
state 362 being increnented during t ICt | til it reaches the
term nal state, indicating the cong#e search rake halzbeen processed.

O fset 20 count state 364 is s i [ ;{veen each tine
slice correspond30D to a be used to
derive the sanple fer fifset read address £ »ing tye tine slice.
O fset count state 364, E 36 ghgel i ned del ayed/as of fset Yount for best
result register 366. '1? count 368 /s~406renent & on the fina
Val sh synbol accunulfe ﬁi

Thus, a singlg integ3sFed
sear cher procesgor donfi gur, -- - antenna ganpl es an
utilizing a tim sli --4BQAnS orﬁd%woamgsor ndepefident |y
sequence throughl a sghfch as Ronfigured by a search para B¢t ,
anal yze the resu{ts aNA preserg a summary report of the bestJpaths ftjof use
for denodul ation\el engp\ gzEssNgnnent. This reduces the seagching f¢lfated 3
0 workload of tHha32H ot i ng W #S expe e
m croprocessor carn, be Ns&d, costs
all owi ng a Conp|Fx\

ng
43

The general princip AEXﬁa\\g\~

FIG. 8



alternative transm ssion schenmes. The di scussi on above was based on the 3 5
reception of a reverse link signal where no pilot signal is available. On

t he forward |ink of the preferred enbodi nent, the base station
transmits a piW@P635268 sjgnal. The pilot signal is a signal FCIISeEUISETOWN
data thus the FHT process used to determ ne which data was
transmtted i s not necessary. In order to enbody the present
invention, a integrated search processor for rece|V|ng a WD 96/ 35268
PCT/ US96/ 07567 37 si gnal

> . . 9/15
conprising a pilot signal would not contain the FHT processor or
maxi mum det ecti on function. For exanple FHT processor engi ne 120 and
max detect 160 blocks of FIG 5 could be replaced with sinple accunul at or
125 as shown in FIG 15. The searching operation when a pilot signal
is available 5 i s anal ogous to an acquisition node access channel search
operation as descri bed above. The searching architecture
descri bed above can be used to perform searches in a variety of
manners. The nost efficient search is a |inear search. A i near
search is perfornmed by linearly searching potential tine offsets in 10
order regardless of the probability that the renbte unit is transmtting.

When searching for a renote unit signal, the base station nust know
t he expected ®VErage area range. For exanple a typical base stgtion
covers a range of approximately 50 kilometers inplying a roun rip
del ay of 350 m croseconds or approximately 430 PN chips in e
preferred enbodi nent. JAlso, in the 15 nultipath environnent whefe signals
take nondirect paths, fhe renote unit signal may be del S much
as twice the direct path propagation inplying t hat se be
done over a set of negly 1000 different PN offsets. e

unit's signal has beeny detected and is bei ng denodul at ed

approxi mat e di stance the renote unit is known and t
of fsets
4 g
“~198
3 L o

~~197
) m ’l
41
1
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2 0 which need to be searched to ensure that the majority valid nmultipath
signal s are detected are greatly reduced. Wthin a given
search over a power control group, there are three reasons why a '
signal may notwo@sRssected at a given PN offset. First, no sipeeirsesn7ss7 nmay
be arriving at the given PN offset. A renote unit may provide several 2 5
mul tipath signals but the nunber of nultipath signals created is only a,

very smal|l portion of all the offsets searched. Thus the nmgjority of
searched offsets do not produce energﬁui§sults t hat exceed the
detection threshold precisely because N0 renpte unit signal is
present at that offset. Secondly, the signal may be arriving at
the given PN offset but faded 3 O during a large portion of the search
integration tinme. As explained above, the mul tipath characteristic of
a radi-o channel can result in signal fading. Fading is the result of
t he phasing characteristics of the nultipath channel. A fade occurs

when nmultipath vectors are added destructively, yielding a received
signal” that is smaller than either individual vector. Thus if a signal
which is 35 long termvalid happens to be in a deep fade at the tine the

search i s made, no signal is available for detection by the searching
process. Thirdly, signal woul d have arrived at the given PN
of fset but for th t het208nsnitter of 5 renote unit is
gated off during the pefi odIPN }-of in qu i expl ai ned above,
in the preferred enbodi 6/ 356
PCT/ US96/ 07567 §ER(I)AL 8 TOPN €
unit produces a burd4 " }iYSER PN enote (mt 'Fll 65 | SBOBENCE
rate vocoder which prod 2l te flrame %ﬁ ] The dUFFBR196
random zer determ n206T\ir| | i i ods|? Srolje unit transnits
and during which tine pgri it Jdoe transmt given the data rate of
the 5 signal to be transmitgdc are 2tOuni t speci fjg, i dentifying
nunber, and the - -

RX SERIAL ANTENNA

g MUX |—fLATCHL ] TO L —» saMPLE

118 PARALLEL BUFFER 172
: SEL SHIFT REG

L_EN

4 2187F

ANTENNA  DECIMATE
SELECT ENABLE

/

174
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time of day. Wen operating at less than full rate, the data burst

random zer within the renote unit pseudorandomy distributes the
active time periods within the transm ssion burst. A cor.responding
data burst ramwse/3see8 i s al so included in the base statroIvoses/aisér hat
the base station can recreate the 10 pseudorandom di stribution based on
the time of day and the renpte unit specific identifying nunber but
the rate information is not avail able during . t he searching process. As
not ed above, the eighth rate tine periods determ ne a so called worthy
group of tinme periods. In this way, regardless of the data rate of the’
transmtted signal, each tinme period correspﬂpﬁgng to the worthy 15 group
is sure to correspond to a tine when the corréespondi ng renote unit

was transmtting a signal. During all other tine periods, the renote unit
may ot may not be transmitting depending on the correspondi ng encodi ng
rate. When a linear search is specified, in order to obtain

valid power 2 O ts, rching process confines the search
integrationtims(ﬁI fﬁﬁn t Aﬁgﬁﬁg'ﬁ

of Wal sh accunul ations at a single
search offset) t 1 en

H hin a single power cB#&rol group

as explained in gP ai l R 1¥0 search that igMegrates only
- wWithin a single power|control group]is said to be chroni zed with

t he power control grqyp bepgdaries.}|f 493 searching 2 process at a

gi ven of fset wer ed gard to power cont.rol gr oup
boundaries and tlhe E¥VEDt e Junit [weQDPrarlsnitting at | ess than full rate,
val i d search resyjl WALSHr dspondi WALSHa Jpower control group where the

renot e uni §' sCHInal] i s ¢at EHIBn fay be sunmed with noi se accunul at ed
during a sybdATEHt Jpowe] EAECHI |group that renmpte unit's signal is
gated off. The 3 ion & rch results corresponding to the
power control group where thel renote unit's gt | is gated of f
corrupt the otherw sefval uabl e @34il t sjaccunul atjed duri ng the power
control that thefrenote unit s SI T n One

met hod of searchijng woul MUBeBANKear ch r control 3 5 gr oups

corresponding to Eval.dllsuch] wib@GIC gfoup only
- searching is perfornmed, the pearching proces} dul ati on el enent
assi gnment process nust stily be capabbsg of g the situation in which
t he energy accu ne det ectf on tFROMISEARGH in
reality a [OQPSK DESHREAJD XORBANK|ef f set due t o CONTROP166i ct abl e
f adi ng char act erlestics 2232 e
1 PN
230 | BARREL | | SEQUENCE|, FROM PN
SHIFT LATCH SEQUENCE
ADDER TREE BUFFER
176
TO MUX 124
' FIG. 11
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39 of the channel. Therefore a nore efficient scheme is to accunul ate
energy in all power control groups whether or not they correspond to
wor t hy gr oupswoloé3s26s energy is detected in a search whi checiTe®enTss7
correspond to a worthy group, . an additional valid data point is

gener ated over and above what would be 5 generated based on a worthy
group only search. As noted above, a preanble search and a
search performed during traffic channel operation are different. Wen
arenote unit initially attenpts to acck¥¥ the system it sends a
beacon signal called a preanble using the Wal sh zero synbol. Wl sh
zero synbol is the Wal sh synbol which .contains 10 all |ogical zeros

i nstead of half ones ang- 284 oes as descri bed above. Wen a preanbl e

search is perfor ; =se3rcher | ooks for any rempte unit sendi ng 162 a
Wal sh zero synbd@ beacon signal on an access channel. In the pref ed
enmbodi ment, the ftr S3BAREH o of the preanble is always full rate and is

never gat §d ORESUXHer ¢f ore during a preanpll®4search there is no need
for 15 synchror]i PROGESSORH t he poJer control grogp boundarieasg

There are many qonCONTR®OLofs for sgread spectrum rjul t ippe—teeeqs
communi cati on systeOGIE syecificallly described hgrei but with which the
present inventidgn is applicqble. Forf exanpl e, other] enqodiggganq decodi ng
means coul d be Ysed insteadjof the Wal sh encodi ng gnd krRESELesijng. The 2 0

previ ous descripfion e preferrddIRTERMEBIATE | 5B REGIRIER]_egab 2 any
person skilled i to make or] useRERYILr eserft igvention. 1Tvu ABES
modi fications toltheqe empodiments Wil | gysgrsaei | v Jappqrent to thosho, o
skilled injthe Jart,]and the ggqneric principlgs deTTneg ne ;','gea
applied to other enpodi nents Wi thout the use Jof the invenllVe 13
faculty. Thus, the prlesent 2, ioydntion is not inended to he Iiniteé;to
t he enbodi nents ghowr hergin Jut is to be acdorded the dest scope
consistent wwth ghe gdrinc|pl ks and rfovel 248
COMPARATOR
A
-~ 246
PREVIOUS
ENERGY
‘ LATCH |
P 244
— 3
COMPARATOR
240 242 J
WALSH SYMBOL
ACCUMULATION
RAM -
— FROM
. MAX DETECT
160
FIG. 12
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features disclosed herein. VE CLAI M WD 96/ 35268
RCT/ US96/ 07567 CLAI M5
1. A nmet hod of receiving a signal conprised of a group of spread 2

spectrum cal | wogsasees shari ng a conmon frequency band wherei 67
sai d spread spectrumcall signals conprises a series of bits encoded in
groups 4 of' a fixed length into a series of synbols wherein a series of
said synbols are grouped together in a power control group wherein
each synbol in a 6 comon power control grA4p is transmitted at a conmon

power |evel and
bursts, and isola
to deternm ne a cal
a zero of fset. ref@@
storing PN sequené&Y
a first received set of cal
alimted size; 14

cal | signal sanples fredd4ai
path delay tinme
sequence buffer to
storing a secondr
buffer; and 2 0
signal sanples ffom said
delay tine with said first s

'§§Qﬁﬂ§6|

n_said power control groups are transmtted in
¢ _of o call signals from roup

Si

of

readi ng a secq

et of

_st o308 at a pg 1Qe|ay JBp4 of fsetg fr 6

S PTe L
uen ; %
as ACC gﬁ

i ngr3A0first aet  of *i ¢-322

[0 TO a TTTSt
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of caP
aauuﬁ'd—p'a't—h-

cal | sign

302
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~
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2 2 PN sequence data bits fromsaid PN sequence buffer to produce a second
wherein said second fixed length set of call

despread out put;

signal sanpl eg, éﬁ% Lses a | arge nunber of the sane call signal
sanpl es as sai ITst fixed length set of 2 6 call signal s
wherein the length of said first and second received set of cal

sanples is a fraction the fixed length of said first and second 2 8

si gnal
si gnal sanpl es; wherein-said steps of

fixed length set of call

storing said first and second fixed | ength sM50f 3 0. call sirgnal sanpl es
and sai d steps of>despreading_spid firg) angeg compd fix § | ength set
of calls S|gnalmﬁrrpl es aie or med 'i-a:iepe nt |of|] a bali ljty |88 2
that said one dfj@aid caIF;S| I's is eofprifses one Jof E3fd gower ¢gxtro
gr oups. < Alnel hod L Vi a_dighal |<
conpri sed of a% ua;g{ spre 2 sdecf rumegi gnpl 4 sharing |g,Fo N
frequency band g i icst el o | ng_daid gigup of
spread spectruffg detgrmne § § sijgnaldtrength gt p pf%F el ay
time offset fr 0 A tset frefererfcef ti of few] sl fijrsk sid@ra
wherein said fiT$ si@nal MR Se5 a |l | €3 gy 5 -t
portion of said ries o i~e=Isynbol s e upe oggt her ifn a
synbol set wherein each olin a cc n ol 1'9¢t s rars%itt=d 8
at a fixed power |evel i Mfsuccesy S ol pefs y| be |t rlansin {t ed
at a variety of signal |gel Sgtherein I d et T9f i ghal |l gvel ¢
I ncl udes a 10 a zero | evel =wHerei n tmemns I on S |d]first sipnal is
gated off, said nethod.zinprisi t he eps 3 2 se%rching
a first set of call signal satles co spopdilng fe|a fli rpt synmbol set
for said first signal at a fiwmdt offseijto ¢ducpsp filrsf powgr
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1 4 estimte t her eof ; searching a second set of call signa
sanpl es corresponding to said first 1 6 synbol set for said first signa

at said first Bf

sunmm ng said flrst and second power estimtes to produce a s

o0 produce a second power estimate idﬁreof 18
set

power |evel estimate at said first offset; 20 searching a third

set of call signal

sanpl es correspondi ng to a second synbol set for

said first signal at a second offset to produce a third power 2 2 estinate

t her eof ;

searching a fourth sefsfls call signal sanples

corresponding to said 2 4 second synbol set ftor said first signal at said

second of fset to~produCe-a— - - fourth power._estinate thereof. and .2 6_ _
sumi ng said thitd and foulh power estimtes to produce a synbol - set!
power |evel estihate ateisawnl second offset; 2 8 wherein said first }
synbol set and spaid se gﬁynbol set correspond to time contiguous |

synbol sets and Fhereiﬁz %§“§teps of searching are 3 0 perforned

TO CHANNEL

continual ly. Eg:’_} i
REPLACEMENT SHEHT = 5 |
[ 3 |
| Tz n
| o & |
@)
N [ 7]
8l g gh,_”ﬂ’ '
Iy 989 EZUW I
I %ma anﬂ I
| BR2 =28 -
, : SHE i
PR L S B
| |
I |
24 lo I
)
e g 50 I
J 5| B *
D *
= —— éO 1<
k | © o =
O = !
< : S S R R '
N ]
T .= gl = |Ewye :
IR RHEEE AR
1=<55 |8 8% =21
- — = 2 Bl - N ) BUR |Gual |
| & Sy Yoy Wi 7 vy b !
| : | TT '
o =
| & '
00 AW
15 8 I !
‘ I a E§ = |
' T - z%é | gEQ — |
— 73 0
N ggd g |
]
| Ema ) §
b e e e e e e e



. T . * . ' qw9350 "’
3.”%he nethod of Claim2 wherein said first set of 'fesa‘
“conprises two Wal sh synbols. 4. The met Ep#—wm% g’l’
said second all sanmpl es 2 conprises two Wal sh synbol s.
5. The net hmﬂmmﬂmmmﬂ}\ﬂﬂrel n said tr‘hlrd set of call signal sanples 2
conprises twd PN chi ps. . The nethod of Claim5 wherein said
fourth set of call signal sarrpl es 2 corrpl ses two PN chi ps. 7.

The nethod of Claim 2 further conprising detection of at |east one 2
maxi mun denodul & ed e¢hanephrodadpiireceiving a signal comprised of a group of spread

2 spectrum signals sharing a common frequency band and isolating a first
signal from among said group of spread spectrum signals to determine a

4  signal strength at a path delay time offset from a zero offset reference time of
said first signal wherein said first signal comprises a series of symbols
6 wherein a portion of said series of said symbols are grouped together in
a symbol set wherein each  symbol in a commorn symbol set is transmitted
8 at a fixed: power level wherein successive symbol sets may be transmitted
‘at a variety of signal levels wherein said variety of signal levels includes a
10 2 zero level wherein transmission of said first signal is gated off, said
. method!comprising the steps of:
12

searching a first set of call signal samples corresponding to a first

symbol set for said first signal at a first offset to produce a first power
14  estimate thereof;

~ searching a second set of call signal.samples corresponding to said. first
16 symbol set for said first signal at said first offset to produce a second power
estimate thereof; '

18 summing said first and second power estimates to produce a symbol

set power level estimate at said first offset;
20 searching a third set of call signal samples corresponding to a second'
symbol set for said first signal at a second offset to produce a third power
22 estimate thereof;
searching a fourth set of call signal samples corresponding to said

24 second symbol set for said first signal at said second offset to produce a
fourth power estimate thereof; and

26 summing said third and fourth power estimates to produce a symbol
set power level estimate at said second offset; .
28 wherein said first symbol set and said second symbol set correspond to

time contiguous symbol sets and wherein said steps of searching are
30 performed continually.
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3. The method ofGameheremsa;dﬁ:stsetof&]lsxgnalsampla
comprises two Walsh symbols.

4 ThemethodofClaim3Wherdnsﬁdsecmdsetofcansignﬂsémpls
comprises two Walsh symbols,

5. The method of Claim 2 wherein said third set of call signal samples
comprises two PN chips. |

6. The method of Claim 5 wherein said fourth set of call signal samples
.comprises two PN chips.

7. The method of Claim 2 further comprising detection of at least one

- Toaximpm demodulated energy value.
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