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Field of the Invention The invention relates to a comunication
systemand 5 provides inproved capacity in cellular wreless tel ephone
systens wusing Code D vision .Miltiple Access nethods together with
base station receiving systens enpl oying ant enna arrays.
Background of the Invention 10 The cel lul ar tel ephone industry has
made phenonenal strides in comerci al operatlons in the United States
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contrast, afbh#inal avmeysi.gnals to overlap in both tlne_and frequency.

Thus, aIF—CENA signal s share the sane frequency spectrum 1In either

t he frequency. or the tine domain, the nultiple access signals

appear'ICJEE9hﬂ;gnpgngieﬁhﬁ_éﬂﬁsnsigg n principal, the

10 The cellular telephone industry has made phenomenal .

‘strides in commercial operations in the United States and '
throughout the reset of the world. Growth in major

metropolitan areas has far exceeded expectations and is
outpacing system capacity. If this tend continues, the
15 effects of rapid growth will soon even reach the smallest
markets. innovative solutions are required to meet these
increasing capacity needs as well as maintain high qualityl
servide and avoid rising prices.
_ Currently, channel access is achieved using Frequency
20 Division Multiple Access (FDMA), Time Division'Multiple
Access (TDMA) and Code Division Multiple Access (CDMA)
methods. With FDMA or TDMA systems or hybrid FDMA/TDMA
systems, the goal is to insure that two potentially
interfering signals do not occupy the same frequency at
25 the same time. In contrast, CDMA allows signals to
overlap in both time and £fregquency. Thus, all CDMA
'-signals share the same frequency spectrum. In either the
frequency or the time domain, the multiple access signals
appear to be ‘on top of each other. 1In principal, the
30 informational data stream to be transmitted is impressed
o upon a much higher bit rate data stream generated by a
pseudo-random code generator.' The informational data
stream and the high bit rate data stream are combined by
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30 I nformati onal data streamto be transmtted is inpressed upon a
nmuch h| r”ﬁq_,'% rate data stream generated by a . pseudpeT/assiviangsode _
gener at or. e informational data stream and the high bit rate data
stream are conbi ned by WO 98/ 10537

PCT/ US97/ 14085 ' . 2 mul tiplying the
two bit streans together. Thi s conbi nation of the higher bit

rate signal with the | ower bit rate data streamis called coding or .
spreadi ng the ~informational data stBeam signal. Each informational data
5 stream or channel is allocated a unique spreadi ng code. A plurality.
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There are a number of advantages associated with CDMA

15 communication techniques. The capacity limits of CDMA-
bésed cellular systems are projected to be up to twenty
times that of existing analog technology as a result of
the properties of a wide band CDMA system, such as
1mproved coding gain modulation density, voice activity

20 gatlng, sectorlzat:lon and reuse of the same spectrum in
every cell. CDMA is +virtually jmmune to multi- path»
interference, and eliminates fading and statlc to enhance
performance in urban areas. CDMA transmission of voice by
a high bit rate decoder insures superior, realistic voice

25 guality. CDMA also provides for variable data rates
allowing many different grades of voice quality to be |,
offered. The scrambled signal format of CDMA completely
eliminates cross talk and makes it very difficult and
costly to eavesdrop' or track calls, insuring greater

30 pz:ivacy for callers and greater immunity from air time

fraud. :
U.S. Patent No. 5,151,919 to applicant and commonly
assigned and is hereby incorporated by reference describes
a Code Division Multiple Access system in which
35 overlapping signals coded using different access codes are



of féred.* The scranbled si gnal format of CDVA conpletely . elimnates

cross. tal womssdesarkes it very difficult and - - costly to EFSFAINTAHSs,
track calls, insuring greater 30 privacy for callers and greater imunity
fromair tine fraud. U S. Patent No. 5,151,919 to applicant
and comonl y assigned and is hereby incorporated by reference

descri bes a Code Division Miltiple Access system in which 35
over |l appi ng signals coded using different access codes are. - WO

98/ 10537 | | 3 PCT/ US97/ 14085 -
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U S. Patent. ﬁ%ﬁé]sy txensnil® ned

353,352 to Dent et_.al. and o aSSI ned
di scl oses. hovAentiEiafadtidds theesYEbAL Fg fé’"‘%?]scﬁﬁ’ Mg1n.

di fferent nophhe i-éﬁ\afrﬁhgsmat @ignad .samn mve:fseqtmamsfoml trablerfsor use
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S. Pat.ent 5 5 l.
her eby Wmor%?a‘FEEl N@ﬁ&eﬁ 5P & roe?‘fgé&]p# l\é)%maéjﬁ% ?%? freatite uU. S.
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~subtraction U.s. Patent No 5,353,352 to Dent et al. and commonly
assigned discloses how to form éccess codes suitable for’
15 discrimihating different mobile transmissions on the same
frequency, suitable for use with subtractive demodulation.
ﬁ S. Patent No. 5,353,352 is also hereby 1ncorporated=
herein by reference in its entirety. '
U.S. Patent No. .5,218,619 also to applicant and
20 comménly assigned is also hereby incorporated by reference
| in its entirety hérein, and describes an improved method,"
of subtractive demodulation wherein a second subtraction '
of a previously subtracted signal is performed after
subtracting other intervening signals, in order to cancel
25 residual errors left from the first subtraction caused by
the original presence of the intervening signals. ,
Neither of the above-incorporated patents discloses .
performing a two-dimensional transform from an antenna-
spéce/time domain to a symbol-space/direction-of-arrival
30 démain. The above-incorporated patents are relied upon to
provide background art to the technique subtraction
demodulation of coded signals and for performing signal
subtraction by nulling in a transform domain. |
U.S. patent application Serial No. 08/179,953 is also

35 hereby incorporated by reference in its entirety herein
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of'a previously.subtracted signal is perforned after sUbtracting ot her
interven fhdanes s, in order to cancel 25 residual erroperhsbindessm t he
first subtraction caused by the original presence of the intervening -
si gnal s. ' - Nei ther of the above-incorporated patents discl oses
perform ng a two-di nensional transformfrom an antenna- space/tine
domain to a synbol -space/direction-of-arrival 30 domain. The
above-incorporated patents are relied upon to provi de background art to
t he techni que subtraction denodul ati én of coded signals and for
performng signal subtraction by nulling in_a transform donain.
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the | undefined and the transmitters can not be discriminated.

' An alternate method is disclosed for such cases, whereby,

15 instead of attempting to separate signals by matrix-

' combining the signals from the antenna elements, a symbol

received from each transmitter is hypothesized, and the

'expected Qorresponding received signals at each antenna

element are computed using direction of arrival estimates.

20 The sum of signals expected at each antenna element is

compared with the actual value at each antenna element and

the squared differences used to form a metric indicative

~ of the probability that the symbol hypotheses'are correct.

. A maximum 1likelihood processor then identifies that

25 hypotheéis that has highest probability of being correct.

. The complexity of such a maximum likelihood processor is

proportional to two-to-the-power of N, where N is the
number of overlapping signals.

~ +. U.S. patent application Serial No. 08/393,809 is also

30 hereby incorporated by reference in its entirety herein

and discloses using an array of antenna elements to

receive signals from a plurality of transmitters using the

same frequency with a maximum 1likelihood processor

operating.sequentially along .a spatial dimension, being

35. the dimension along which antenna elements are spaced, the
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expected correspondlng received signals at each antenna ‘el ement are
conput edW@9811853di r ecti on of arrival estimates.. 20 The suMCITUSHVEHES s
expected at each antenna element is conpared with the actual value at
each antenna el enent and the squared differences used to forma netric
I ndi cative of the probability that the synbol hypotheses are correct.
A maxi mum | i kel i hood processor then identifies that 25 hypothesis that has
hi ghest probability of being correct. The conplexity of such a maxi nmum
| i kel i hood processor is . proportionaP to two-to-the-power of N, where N

is the nunber v rI t ete] ation.
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el enentg arerspgmedeekN® Thus, MR 98hEBRRZ element signals are not
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transformed into ecte enent
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mul'tiple si using t he, same_frequency channel \
~the same frequency channel.
The invention to be described below is an 1mprovement
15 upon the above prior art when utilizing subtractive
demodulation of coded signals simultaneously with the use-
of antenna arrays to provide directive discrimination..
The new invention differs from using prior art antenna
arrays to provide directive beams énd then processing the
20 signal’ from a directive beam using subtractive
demodulation. - Such a coﬁbination is considered .-
antieipated in the incorporated references. In the new
invention, when a signal is decoded and subtracted, it is
subtracted from all antenna element signals and therefore
25 'vénishes noﬁ only from the directive beam it is received
- in, but also vanishes from all other beams formed using
the same antenna elements, even when those other beams
have substantial spatial overlap with the signal’s beam.
Thus the invention provides advantages not found'using a
30 = combination of prior art devices, which advantages
_translate to greater communications capacity or quality.

Summary of the Invention _
~Mobile phones transmit coded signels to at least one

base station. The base station is equipped with an



The invention'to be described below is an inprovenent 15 upon'the.abové

prior artwdépesd7 11zing subtractive ~  denodul ation of peqrngrsdessal s
simul taneously with the use of antenna arrays to provide directive

di scrim nation. The new invention differs fromusing prior art antenna
arrays to provide directive beans and then processing the 20 signal from
a directive beam using subtractive “denodul ati on. Such a
conbination is considered anticipated in the incorporated
references. In the new i nvention, when a signal is decoded and
Subtracted, it is, subtracted fromall antenna el enent signals and
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are anplified,  downconverted filtered and
P rlthmetgc operat1ons on stored samples. The processor \

. arranges samples received sequentially in time from
" different antenna elements in a two-dimensional array, one
is dimension corresponding to the different antenna elements
and the other dimension corresponding to time, i.e.
sequence of reception, hereinafter referred to as -the
space/time domain. '
" The numerical samples are unscrambled using the
20 accédss code of a first mobile transmitter and the
" processor then computes a two-dimensional transform of the t
 two-dimensional array of unscrambled samples to produce a
two-dimensional array of result-bins, wherein bins along.
one. dimension correspond to the symbols in the alphabet
25 and bins in the other dimension correspond to combinations
of samples received via different antenna elements thus ,
providing directive receiving beams 'in different
directions, the result-bins hereinafter referred to aé the
code/space domain.
30 = The processor identifies the result-bin containing
| the greatest value and thereby identifies a symbol
received from the first mobile and a direction of
reception. The value of the bin is then set to zero and
. an inverse two dimensional transform is performed to
'35  transform the residual bin values back to the space/time



digi'ti zed to formcorresponding streams of nunerical 10 sanples that are

fed to a pMREAF | ncl uding means for storing numeri o8, 5
and means for perform ng arithnmetic operations on stored sanples.
The processor arranges sanpl es received sequentially in time from
different antenna elenments in a two-dinmensional array, one 15 di nension
corresponding to the different antenna el enents and the other

di mensi on corresponding to tinme, i.e. " sequence of reception,
herei nafter referred to as the space/'ti nme domain. ' The
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pr oduce a m&g@igvgeagbggglcga@ay of result-bins, wherein bins along
one di nensi on corres to the synbols in the alphabet 25 and bins in the
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val ue of the Nnver se t
transformis erel onokile ctransmitheror m t he residual bin values back to the

space/ tiygp— —- - pHD 984d083&0a
PCT/ USO710L4085 odes of the first mobl%g secon% mob:.lethe .
j ust -i dent i f i%%F si BR&ECRabLyg hedang uber Makides selegted ime axder eofare

t hen rescrEuﬁﬂéﬁkéﬁaiugtéEgﬁaISétrengthn@@éhetﬁaﬂcﬁﬁéssﬁﬁgﬁgest mobile
~signals are decoded and subtracted out before decoding
weaker mobile signals, thereby providing improved

15_ discrimination of overlapping signals by both access code
and direction of arrival, and thus allowing a greater
number of transmissions to share the same frequenéy

bandwidth. _

According to one embodiment of the present invention,

20 a ,communications system is disclosed comprising a
plurality of mobile stations and an improved base staﬁioﬁ'

for receiving signals from said. mobile stations and
decoding information-bearing signals transmitted
therefrom. An antenna means cowmprising antenna eleménts

25 disposed around a 'support structure receivés signals
transmitted from said plurality of mobile stations and
generates output signals. from each antenna element.
Conversion means amplify, filter and convert signals from

_ each of said antenna elements into a corresponding number
30 of converted signals for processing. Storage means
' temporarily store a number of samples of said converted
signals. Processing means iteratively process and
reprocess said stored samples successively to decode said
information from each of said mobile stations in turn.

35 The prbcéssing provided by said processing means
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The process.then repeats starting with descranbling 5 wusing a second ~
nobi | e'ywwo38a6%9 code, and so forth, until a synbol peruserasikecoded
fromall nobile transmtters. The entire process .then repeats for -
sequenti al synbol periods to construct a sequence of received synbols
from -each nobile transmtter. 10 The access codes of the first
nobi | e, second nobile etc. preferably belong to nobiles selected in
order of decreasing signal strength such that the strongest nobile
signals are decoded and subtracted out8before decoding - weaker nobile
si gnal s, t hereby providing nproved 15 discrimnation of overlapping
signal s byidenhifzeesfremdeaid stgnqddsa@plesna%fnaﬁqamatloanamgé
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frequency. andw d According to ope enb d1 nt of "t he
present i rNeAPALAI. S@iia Qﬁﬁﬁﬂﬁﬁ%ﬁﬁ|Qﬁ%rl%§sFéEPaE E¥aCESnprising
a pl waiuéy @fep'eﬁaelrft sbAt isaid aﬂaeﬁmfﬂedowmmwmt bombol for

receiving nal s . m sal mobi l.e st -and

i nf or Mt i %@ 8¥5ﬂa|s§mpleﬁ ﬁé dreduclﬁ%r’e$€ ﬁ?eﬁﬁngﬁt enna

nmeans corrpbesweenarﬁmmustedenbsle% sﬂgn@bsemhdarbhad sigmalpped betructure

recei ves d d plurality of -nobile statlons:
B33 e o, hEBAEGLERE LEPHL 304 -

and nal s trom each antenna el enent.
Conver si on rreanAcaapﬁing to| t@noahqrcoﬁmb@dlmeghal gff rohe presevh of said

antenna el fﬁ‘?@ﬁélbﬁt Oa%oﬁﬂﬂﬁ%ﬂ%&%y@t@ﬂ?&s3ﬁlséio§QHV86&|§91s§h§”a| S
for processing. Storage npans tenporarjly store a nunbe

sanply ofa s RIPRRREF t mbl}?gn%?§t1°nsPr%sénnglmﬁﬁ8ﬂ§ |’Pé?§t ively .

process ageation OGP RERSIS iR %1§m@t&&mhﬂtt%ﬂcﬁeﬁﬁtl galiy webgdeeode said
I nformation fron1each of d nobi s atlons int 35 T g gce55|ng
g 1Enagsase

provi ded FHALIGRY epFBES bhenﬂh @ &8s cod g
PCT/US97/1&QB5decod1ng information symbols belonglng to an allowed

alphabet of symbols encoded in said transmissions.
15 Aﬁtenna means comprising antenna elements disposed around
. a support structure receive signals transmitted from said
plurality of mobile stations and generate output signals
from each antenna element. Conversion means amplify,
filfer and convert signals from each of said antenna
20 eléﬁeﬁéé into a corresponding number of convérted signals
for processing. Storage means temporarily store a number -
of samples of said signals converted from each of said
antenna elements at successive instants in time. Two-
dimensional numerical transform means process said stored
25 éamples using one of said access codes assigned to a first
one of said mobile stations to produce a two-dimensional
array of transformed samples, said transformed samples
lying along one dimension of said two-dimensional array
'corfgsponding to different possible directions of arrival
30 of éignalé at said base station transmitted by said first
mobile station and transformed samples lying along the
otherxr dimension of said two-dimensional array
corresponding to correlations with different ones of said
information symbols in an allowed alphabet of symbols.
35 According to another embodiment of the present
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i nformati on-bearing signal, and subtracts val ues dependent on said
identified information syrrbol 5 fromsaid stored sanpl es thereby
reducing interference bet ween the just-decoded signal and the signal
to be -decoded at a subsequent iteration. : According to anot her
enbodi nent of the present i nventi onm)%\ communi cations systemis

di scl osed conpr|3|ng 10 a plurality of ile statlons and an i nproved

b t-at, f ls t 1 tt bi | '
Stations each iV SIRE o acorant 8t ohe, SgBE R A B A GRS IRk fing i ng
i nf or mat i on swnbplarbdlicyyi af twobiblel |stetions agdhabet improyetol base
encoded in sal %a&r o?ﬂ%lﬁig é@bﬁaﬁ? H??‘Hﬁmﬁegga' 54-88 Qgiﬁ%lle

sed aroun rac

el ements dlspo re receive signa
transmtted f mtdams each m]:rkamhg/ a¥d fiane agsikgned ageRReede cardt put

signal s ﬁhgfrﬁ e n [

filter ang convert Sl gnﬁf5 ¥ro m eac of a| dmgn%ggﬁg g%@ %g’;‘e@r?en;tis{l?vrvl?% a
cor r espondi ng adphgbetof onvBYTieels| gRaFeded  ifgr SHigkedHANEMisHiPRGe
neans tenpor appftensiadneahd) WHiRirising Antelid S dfertdl QidpE Lasved t ed

from-each of said ant en el enent,s at .successive in s.in ting
o eae O ot A e Y A Sl By
sanpl es usi ngptogadftyaict amieiske cotiatiansi gnddgbnearai:er sutput szfgnao:[s sai d
mobi | e s ti-ons.-t.0 onal ansf ar :
sanpl es, “Sai d _FP&‘FIS?%%E% tger‘?%’fvﬁe)sgh'%gilkyl ng%"‘é’ﬁ& &r?e d'gér%% r%éﬁ d
t wo- di nensi onfililaerayand carorewspeidnagd st ofdoinf exash pﬁsss@ié Ma)ns
f | 30 t ' i LSt
of arriva elefibntkdqahs & c%%‘z‘és?%?ﬁes o ng&-bﬁ?:éxr %?&R&t@%ﬁg‘iﬁl‘é S

nobi | e stati.on and transfornmed sa ong th

di nensi on  ofor pxpPgessiRpg-di ﬁgﬁgaagap'nean@r repporaridy; Sarshd@ mpmker

correl ations wet kagigifeas eot @aqa célgzeapls convéﬂf:éamftﬁd&ﬂ SAFRObE idgh i
al | oned al phabet of syr%slt or di ng anqt her, enbodl ment  of
t he pre%é t antennav\@ a%ss7at successnre nstants in tim Two-

PCT/US97/140851men31onal numerical transform means process said stored
‘samples us1ng one of said access codes assigned to a first
one of said mobile stations to produce a two-dimensional

_ _ ‘array of transformed samples, said transformed samples

':20 1YLn§ along one dimension of said two-dimensional array
| corresponding to different possible directions of arrival;-

of signals at said base station transmitted by said first

mobile station and transformed samples lying along the

other dimension of  said two-dimensional array

25 corresponding to correlating samples with different ones

-6f said information symbols in an allowed alphabet of

symbols using a prescribed time-shift between the samples

correlated and said information symbols. Means repeat

. said two-dimensional transform for a plurality of said

- - 30 time-shifts corresponding to delayed reception of signals
from said first mobile station corresponding to delayed
echoes of said signals caused by signals reflection from
ocbjects in the proPaQation path.
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9 i nvention, a communications systemis disclosed conprising a
pIuraIitﬁnﬂﬁuﬁgqy | e stations and an i nproved base st icirajket/fdoss
receiving signals transmtted from said nobile stations each with the
ai d of an assigned access code and 5 for decoding infornmation synbol s
bel onging to an al I owed al phabet of synbols ~ encoded in said
transm ssi ons. Ant enna neans conprising antenna el ements di sposed
ar ound - a support structure receive signhals transmtted from said
plurality of nobile stations and genera@@ output signals 10 from each
antenna el ement. Conversion neans anplify, filter and convert signals
fromeach of said antenna el enents into a correspondi ng nunber of

converted sige &ogrgge g:n%rgﬁgy" e neans tenporarily store a
nunber als converted fromeach of said 15

antenna:elenentSTBF9§UCEE§5|9%P¢ﬁst%9§%u¥ﬁst|?ﬁ§ adyantages §igfendhsnal
nurer i'cal tiﬁ%ﬁﬁi&hﬁ&ana weoee%msw dpsifest to osenpkesleai e eme of

sai d access code assi n a fjr one sai d .nobil e st tlons to
produce a t@&&tdi AERS o l%?f’r%@/ d‘fnttr%ﬁféf(ﬂ%r?é:'f"?j:r?ﬁ ‘fi‘
transfognedcgﬁgahetlgﬁ w1th|ngeaaaag?ngs dumBWMnmm.OI sald tmo dlnePS|ona
-array correspondi n ent _pQass ection rr va

of signals at sa?39855e95?§}P8%r?&§ﬁsﬁlPféarbﬁrgaﬁaapﬁp§?t cﬁbH?Fé

stati on andwithnsher preseatpliavenyion;al ong the - other di mension  of
sai d t wo-'di men : rqr rtes oy t |l e

with di ffer1=:nt~~()§r%§{EE 2 a’fll?a% t%régt Pg%q?n%nﬁtl% I n %\Pai"?gwe%g@gﬂ phabet
of synﬁbespﬁgﬁﬁgta1§V8§§FPBed tinme-shift betmeen t he sanpl es

correlpged_ and Sphgutefprmxxﬁr@wé@@% addydidie pRedlessor a&ebédmg .
t wo- di nensi onal tram§9arn1for ? ghy I|ty of said 30 time-shift

correspondiihg PBedE 4MPBEeR eoPTERgRY dnVentions said first nDbllb
station correspordgiget 2 ddlayetratesecrags pfoéesslmggrmizs eamesd by

signal's reflection [19MW: rect¥hf Y e dA-H16 ORI 2hPTording to
' one embodiment of the present invention; and
15 Figufe 5 illustrates Butler Matrix/Fourier Transform
formulation of beamformlng according to one embodiment of
the present invention.

| Deta1led Description
Figure 1 illustrates a simplified block diagram of ;-

20 the type of mobile transmitter the current invention is

' designed to decode. The  transmitter is a prior art

transmitter of the same form disclosed in the incorporated

documents. _

A speech signal from a microphone 10 is digitiéed and

25 compressed using a speech coding algorithm in a speech

' ‘encoder 11 to produce a digital bitstream representative

of. the speech signal. Existing digital cellular'systems=

have compressed the speech signal to bitrates of 13KB/s

- (GSM) and 7KB/s (IS54) respectively, and at the state of

30 the art acceptable speech quality can be maintained even
with speech coders that reduce the bitrate to 3.6KB/s.

- The bitrate from the speech encoder may be increased

again by the use of error correction encoding. Most
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10 WOSB0STDescri ption of the Draw ngs _ Thei@@%‘%er
features and advantages of the invention will be readily apparent
to one skilled in the art fromthe following witten description,
used in 5 conjunction with the draw ngs, in which: Figure 1
illustrates a prior art transmtter for use with the present

i nventi on; Figure 2 illustrates aan_?rray antenna for use with - the
present invention; 10 Figure 3 iTTustrates a space/ code processor

accordi ng red{xﬁdﬂﬁ%ge”?gqimgd Oftd hgrBEEEEN thEV MBdtONperceptually gure
4 illustrates. ray processing, for time-of- arrival .and ]

di rect i on- otMRPYFRAL Ebﬁﬁiﬂg%?ﬁn%h%c]&ﬁ#r RercePrual n dMRARANHe RIS the
pr ese-][lt' | nvagll ?%talrﬁb 15:ode]'cd batﬂﬂlll.e 5 islulc',mséI eatieagButier a\:@ta,rim/fou][i er
Transform f Qrnul_ation,o eanf orJm cqrding t.0. one egbodi npnt o
the present cPﬁﬁ'éaFFGF}. to be part; .Ioﬁggga%i 8’1’1 of‘lg1 Figlre Fi gu&g‘el

i Il ustret esrasil Bhgf ietxdoded idjiagilaspdecd frétmeblgek bl &Bbiﬂoe:rt]ned
transmtter the current, jnven IS 1,0 ec :
transmtteriP °a“B‘}J1to]r baf'rft gy&bg??an%%t?@%%? ?ﬁgcggr‘#gl f%?%%}%%l ?)sned in
the incorpobhoed 13. dBounexmsple, 7-bit Aptpelsshcsingrket foxmed mingt ophone
10 1s digitizef] gedeng 12608BLESREd Y5h00 BapPeend ¢drBgr8sateliBy N a
speech. encoder to ptoduce a digital brtfstreamrepresentative .

of the specohespgrkd8 aptihndenaliifalsh-Hadamarg codesonthus expapding

conpr epged-{the-$aest 1 gi2knke Yy I at eatior 3KB/ 9128/7. (Coiler@NduéhB/ S

(1S54) respectively, and at the state of 30 the art  acceptabl e speech
qual ity carPheckepRthegenady cnsPreagpRECEENR, ¢BYBPOL: hafordlgce e
bitrate to empkbyeéd, a preferted bférmt off resrdhe capasait v odedingy l%e

I ncreased ‘within speech encoder 11 is Reed-Solomon coding, which is

adapted to code multi-bit symbols. The combination of

15 Reed-Solomon coding and Walsh-Hadamard coding can be done
in a variéty of ways to produce unequal coding for the
mbst and least perceptually significant bits. For
exampie, a’' Reed-Solomon code constructed on a GF2**7 can
code a block of 7-bit important symbols to produce an RS-

20 coded-block containing a greater number of symbols. A
"Galois Field or GF is the set of all integers from 0 to
some maximum that is a closed set under some modulo
combinatorial operations. A GF2**7 (two to the power of
seven or GF2’) means all intégers from 0 to 127, i.e., all

25 7-bit binary codes. If two of these are combined by 7-bit
wide XOR (modulo-2 'addition) an othexr 7-bit value in the
set results, so the set 1is ‘'"closed" under the
combinatorial operation "XOR". The remaining less
important symbols can be formed into 7-bit blocks but not

30- RS ‘coded. The RS-coded and the non-RS-coded 7-bit symbols
are then output from the encoder 11 to the Walsh-Hadamard
encoder 13, the bit-to-symbol formation 12 having already
been performed inside the encoder 11 in this case, at
least for the RS-coded symbols. _

38 An alternative unequal coding method is to form
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again by the use of error correction encodlng Most WO 98/ 10537
PCT/ US97/ Q?E m 11 PCTAUSSHMA0BSNCY | S
added to protect the nost perceptually i mportant bits while the |east
perceptual l'y inportant bits may not be coded at all. ~ Such coding,

I f .any, 1is considered to be part of block 11 in Figure 1. The 5
resulting encoded digital speech fromblock 11 is forned into
multi-bit synbols for spread-spectrumencoding in bl ock 13. For
exanmpl e, 7-bit bl ocks can be formed and 12 each of the 128 possible 7-bit
patterns is represented by one of 128 orthogonal Wl sh-Hadanard codes,

t hus expandi hgpbdftahkebhtsr Ansof, ufoke eXByPa ef, aSr-&i toSYIPed s whighe #X8Uch

bl ock- or t hoopgal, - pEPIRRAPREP (L U2+ S T8l £oriPW Nargds blockeBEl weed, 2
preferred fo of “error correction coding hin eech encoder 11 is

Reed- Sol ononcededng-hif ymels.  Tugptads cP%o:b%s%?ﬂ’t MRPYLaPRFoPE® - The

combi nati on Eiaeﬁ5ad8§adt§0é9mrsc@ﬂt g B o idbdaiter d -bddi symbad she
done - in variety of ys.tqQ. duce neqya g godl ng for tlhe1 to NMOSt
and | eaBt HBIWBpt"’H-Eﬁ I §rhe§| &HPN tb‘?tg paamaxr ef?ﬁﬁ 3

Reed- Sol onongpedencanst-bitt eddewoxrds2**7 can code a bl ock of 7-bit

| mportant symnbol s to roduge an_ RS- co eater '
nunber of synbol sT ABrOVlaeGeﬁ’5+‘§aﬂeI§1°%rq(é(—a %el Se%,ﬁk,gy;]g]ﬁog{ dgers
fromo to encmelmcmrbehaudad 2ithesedrsdlogkddd oandombdeick 12 -

conbi natorlal op 4 t p f Nwdls -
GF2[err]) §é$£#ggégefis€§’om 0 fp\y&e}% R(S %59 3552 %w}ﬁc%&?blvﬁasry

codes. 10f tmcotppwe%damr@é-ﬁlbmeé'eﬁﬁﬁrﬁnﬁﬁq above.W, de XOR (nodul o-2

addi tion) an otheg %f%&ten\ealmabllrést h@roduce Sﬁalsﬁeaaaaﬁardsaodbbe froml IS
"cl osed" under ﬁ nbl nat or operation, "XOR' off, tlezrgal ning
o

| ess’ inpbet Wnb%‘ll%‘:’ 8k Bé fIQﬁ' ing ot9. bpe lﬁa&ﬂ(ss?ﬁjt

codes, and thus to aid discrimination between different
mobiles, an access code is bitwise modulo-2 comblned with

15 the codewords at block 14; as described in U.S. Patent No.

' '5,353,352. The access codes are preferably chosen sgch
that an access-coded codeword of one mobile transmitter is
maximally different from all 128 possible access-coded
codewords produced by any other mobile transmitter.

20 For simpllcity, details that are not material to the
current appl:.cat:.on are omitted from Figure 1, such as)
addition of signalling information to speech information,
source of encryption kejrs, and overall control of the
transmitter by a control processor is not shown.

25 - The access-coder 14 produces 128 bits out that are
' converted to a serial stream if necessary for modulating
the radio-frequency carrier by a serializer 15. The bit
stream is applied to a modulator 16 to produce a modulated
RF signal which is then amplified to a transmit power

30 level in a power amplifier 17 for transmission using an
antenna 18. For simplicity, the corresponding mobile
receiver circuits that use the same antenna for receiving
are not shown. '

Figure 2 :Lllustrates the comnection of a cylindrical

35_" antenna array 21, such as is described in U.S. patent



" RS coded. The RS-coded and the non-RS-coded 7-bit synbols are

t hen out putwOwames3he encoder 11 to the Wal sh- Hadamard eRCBAISHT/I408S t he
bit-to-synbol formation 12 having al ready been perfornmed inside the
encoder 11 in this case, at -l east for the RS-coded synbols. 35

An- al ternative unequal coding nethod is to form WD 98/ 10537

PCT/ US97/ 14085 - 12 | nportant bits
into, for exanple, 5-bit synbols which are then RS-coded on a GF2**5 to
forma |arger block of RS- coded 5- bi tl%yrrbol S. Two bits of |esser

i nportance .are t hen added t synbol to obtajn.7-bit:
synbol's 5 V\A‘ﬁ‘ml’a?%t%ﬂﬂnngubﬂs{ﬁg 193 H’b‘ﬁ’ }RcerRRrated; herein

obtai n 128-bi thgogeferdice above, t&o tiieoVirerriwagyrécessori 80dodl the
conversations, Ecr%/]gtlon can be added either in block 11 or in block
12 “as descTVEESRE 0t CiMrent No. 5,353,352 which was 10

i ncor por at ed herei naiyeneé exlementah @ are arranged fihecohl inebirl eslpmasuce

Wal sh- Had 1

ot o Gad™ Lo th8Teorunkle Ay TREL A96R0BEA1RARLANY Ny Pob0E 337
mobi | es, an acr:um awdntienns maste atoduicellulderhbase wtakion sife.codbeor ds
at_Dblock 14, é;:ﬁ?x%éb% i ébﬁmﬁata% &upled so 3§s°’ 352 foﬁ*ﬂecgiﬁ S

codes are prefer chosen suc hai an access-coded codewoy one
mobi | e transnigignals 23  aRgi RATH Fuslr fellineRnl | cad¥Mposexhibits

access-coded ' gjre dinptaéuw%@eﬂnyepé@&wﬁbpuanbrwatsfoaaO
For sinplicit hat. are not nateri al

det aj t
appl i cat itéh: a@%ﬁ'ﬁ@g& 30 e Rppizant glﬁcﬁagsmuthp PLape: | o%aﬁg SPLHBR i ng
i nformati on t@whm npeoresieed, by a seceiein§ ehanyeli @l kiysmingda '

g;g;;" CON I Parll LI channbiB8"IB!" O £Rén? SRIBAH MPCERRL1sR For s
-,example a first RF filter 310; a low noise amle.f:Ler 311,

_ - a second RF filter 312; a downconvertor 313 using a common

15 local oscillator 32; an Intermediate Frequency (IF) filter

' 314; an IF amplifier 315 and a complex AtoD convertor 316

to generate a stream of complex numerical samples 36
represenfative of the RF signal from each collinear column

. of elements. .

20 - .*The AtoD convertor can comprise quadrature
downconversion using I,Q mixers and I,Q AtoD convertors,
or alternatively can employ the logpolar digitization
technique described in U.S. Patent No. 5,048,059 which is
.hereby incorporated by reference herein.

25 . The complex digital outputs 36 are then fed to the
processor 60 which includes a space/code processor 40 to
" discriminate and output separate symbol streams received
from each mobile transmitter (Figure 1) and a bank 50 of
i_n_dividual traffic channel processor units to process the

30 s-}}inbol streams for each traffic channel to regenerate
speech signals, signalling and control information or user
‘data such as fax or computer data signals ._'

| Figure 3 illustrates part of space/code processor 40
_ . comprising a two-dimensional numerical transform. Signals
35 received from the set of antenna columns at the same time
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25 _ The access-coder 14 produces 128 bits out that are convert'ed
to a Seiwgdsdssrcam i f necessary for nodul ating t he paghuzofrisgsiency
carrier by a serializer 15. The bit streamis applied to a nodul at or
16 to produce a nodul at ed RF signal which is then anplified to a
transmit power 30 level in a power anplifier 17 for transni ssion using an
antenna 18. For sinplicity, the correspondi ng nobile receiver
circuits that use the same antenna for receiving are not shown.

Figure 2 illustrates the connection ofi14 cylindrical 35 antenna array 21,
such as is described in U S. patent WO 98/ 10537

PCT/ US97/ 14885 form a row of input signals to a beamf®rming mqj:mmx:at | on

no. 08/ 179,5853¢ui oy weis iiigor pot atse! Geheia sighd1ECTAENERAOWE, !

the i nventiVe Processor Current
el ements 2Buscessivengsdmen dostanssr t8l btAns.-5128 adBet hkedoltdms 20 are

di sposed ag &%%sgomlwgdﬁe%%&of m&aefeal%*éﬁﬂf&-ﬂmé mftf &l g ar base

station site of um are coupl ed so as to form

colum5  Itsishadils bemndgrsteegnthaticallceigpadar Pre&r?ﬁﬁﬁ &xhithe s
directivi tlfwbﬂdﬁhlénﬁ&'iaﬂa'tﬁl@gﬁémnaﬁba%n{iﬂe:@ :m:maéiréo nhoamy ¢ h in

the horizontal (azinut: | ane. Each .colu ro ssed by a
recei vi ng ERaAnEATEL 15""‘17 Pa‘ﬁnl?atﬂg’mmﬁ@le?%ﬁ é@?’?d(cal?écnnel 31
conprises Edbating excimt ebanhn:ystvaaﬁzés.l t eIn3fEnexrdlow fbked Purit | er
"ocal osci FREESPeRsations e paerBrARtACRR Ehe Hastvhal MR AEY 0 |
anpl i 1der Pibcess £ icedhipoina oTrenE ri sl &6 expengiveenerate a stream of
conpl ex nuneri caghq Saﬂ@éﬁfo?ﬁlng méﬂﬁ@é‘?”k%hb\ﬁ@eo‘c t Bt R FI gp‘ﬂ:lp‘jtr om each
col l'i near col um
gignals each correspondlng to having formed a directive \
beam in a particular direction in azimuth. The number of
beams computed for each sampling instant t(i) is typically
15 equal to the number of antenna columns, such that the
beamforming matrix corresponds to muitiplication of a row
of input values by a square matrix of complex beamforming
coefficients. Numerical beamforming and efficient methods
therefor are described in U.S. patent application Serial
20 No. 08/568 664, entitled VvEfficient Apparatus For
| Simultaneous Modulation and Digital Beamforming For an ;5
Antenna Array", which is hereby incorporated by reference
herein in its entirety. ' _
| Through the beamforming matrix, a signal arriving
25 from a particular direction corresponding to a beam
direction is enhanced relative to signals arriving from
other directions. The beamformer computes beams covering
the ensemble of directions and so all signals are enhanced
in=.one or another of the beams. As will be discussed
30 below, the beamformer does not necessarily however compute
beams for all signals at the same time, as it preferably
makes fine beam direction adjustments individually for
each mobile signal. '
The beam signals for beam direction 1 computed for
35 . succeséive time instants ti1,t2... t128 form a 128-complex-

Antenna L
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20 " The AtoD convertor can conprise quadrature ’
downconver S¥@A8@BHg |, Q nixers and |, Q AtoD convertors,  PCHDS97/14085
alternatively can enploy the | ogpolar digitization . t echni que descri bed
in US. Patent No. 5,048,059 which is her eby i ncorporated by reference
herein. 25 The conplex digital outputs 36 are then fed to the
processor 60 which includes a space/ code processor 40 to di scrim nate
and out put separate synbol streans recei velq_; from each nobile
transmtter (Figure 1) and a bank 50 of indi vi dual trafflc channel

processor uni ts Q_Rroce he 3 ﬁk}gnnel
to regenerate v i g '%E ‘%gcﬁta 1Q,t05| ga;?é:l M 8};“% %orrrljgtﬁo
user . . dat apsuchsasrf g2 dorcdman et - dadalskgwalsg the set of Fsggnels
illustrates p a esSpr OgRkbIEiAY @nstant tl

t wo- di nensi on:#éﬁgﬁrrsgﬁcg?é g‘ﬁ@ o?gcrgn f@? S&ﬁgcegglvgreceredgf rg% taﬁesse
antenna col utms. at th@8sfwam jthe input V!JBQBSDIOSQ? FWT processor 71 fOI'

PCT/ US97/ 140856 - The FWT processors for all ot]ﬁ'er beamé! aref Q'l@ba
row of input S|gnalstoabeam‘ormng mat ri x 70 for -t Tes«ﬂy
28

antenna si gnalRe¥EeEnedq ¥ieldingam axxayeofi138 X Nstyprdimepsigna

are fed to a trans.@@flhéépﬁ@éhDﬂsDUﬂHérfﬂi‘stdﬂﬂﬁeﬁﬁiohedﬂf ﬁh§1 ﬁgaﬁafbmes
70. 5 It shall be underst d tha &all naI S aro essed X é

t wo- di mensi onalPe%?ﬁr%‘FB?W%r TRERE e’ﬁ‘ﬂnﬁ@ A% Bﬁe second, dimeggipn, q
i magi nary par tb@ﬂﬁ@ tﬁﬁéﬁeﬁdéesbacef [ XBﬁich)rFWT prcfad:easmngtpansfobmaan.ga
val ues. eher |xed r | S
the har dvet gmt?eﬁ ir‘deio pr g%e&mpu)?e agl Cir)rbnéearrgl l|§ﬁé {:gislgeggﬁgﬁgl ve.
The beanf or mi ngsimg r fedklycpapalied degicf twtqurate extxgpme Ly euahidly,
correspondi ng 0 8?%&99?%2_r %ﬁbtgrﬂg][lﬁ‘&ﬁéxw No. sDa3%,isB4a A LbpYk8Ant, \

direction in azinu ] L. ]
which is hereby incorporated by reference in its entirety

herein. .

15 - In Figure 3, for 'simplicity, it is assumed that the
operation of descrambling the set of 128 input values
using an access code assigned to a particular mobile
signal is included as the first step inside FWT processor
71. This step undoes the step performed by the

20 corresponding scrambler 14 of Figure 1. The access code is
chosen first to be that assigned to a mobile transmitter
previously identified with the strongest signal received
at the base station. A symbol transmitted by that
transmitter will result in a corresponding one of 128 FWT

25 processor outputs from one of the N beam-associated FWT
processors 71 being the largest output. The beam in
questiori should not change rapidly between one symbol and
the next, a period of typically a fraction of a
millisecond, because the wmobile transmitter does not

30 circulate around the antenna array with such a huge
angular velocity. Therefore the beam to use for
identifying a transmitted symbol may be. predicted from
previous results, and after identification of . the

. transmitted symbol, the value in the same sMol bin in

35 other beams can be examined to determine if the signal is.



beans conputed for each sanpling instant t(i) is typi cally 15 eqﬁal to the

number of [@ na colums, such that the beanf or m ngp&RikdH14688 I €SPONds
to multiplrcation of a row of input values by a square matrix of

conpl ex beanform ng coefficients. Nunmerical beanform ng and efficient
met hods . therefor are described in U S. patent application Serial 20

No. 08/568,664, entitled "Efficient Apparatus For Si mul t aneous -
Modul ation and Digital Beanform ng For an Antenna Array", which is

her eby i ncorporated by reference ¥ereininits entirety.

Through the beanform ng matrix, a signal .arriving 25 froma particular
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beantf or mrfg?esdgegdgﬁﬁes&%tl Y, merwmutge char@'s forrral lapSi gnal s
at the sane tinme, as 1T preferab rrakes fine bdeglm di

r ect .
adj ust &ent intezmeddasel phase, Whe'éaﬁherrﬂ'ﬁh &igfzaddles two Leﬂ%* beam

si gnal s fopnReaRyli rgebiated HIMINR] F5ubls f&%ﬁet&ﬁd» Vel ghiborisigint s
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PCT/ U897/ 18685 of 128 outputs, the weighted sum © %he two §g|t&e(?f1 nput

vector to Eaato\&abathaﬂyrrbeduEemfbm decoding the mymbedsor 71 for beam 1
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sanpl i ng i-fistan processor
71 foro 5 theakaMgesthofFwhepladfeysduest gf &hﬁ abpve-peakioned suyy

per f ormed, ﬂ¥| ?Ed' 1%3 %’f’” £Icé S&ﬁ80ﬁt o@' 'Ee'ﬁﬁ!?é |1¥eam tpansf or med

results, I'rst dlnen on o e trans
ant enna- ei@ﬁﬁnbﬂbéﬁﬁﬁsﬁ§§§eaﬁ&YtﬁépéééUnHSaFﬁeﬁ§F3M paralggﬂnéoglc, '

ti me/ code- gpagescEasBaF\h D.8Gepatent’ RBS 818712885 which is hereby
1ncorporated by reference in its entirety herein. Having
15 identified the index of the largest value, that value is

set to zero in the 128-value array for the beam (or beams,
if more than one are summed) used for decoding. Thus, out
of the 128 x 8 space/code domain values computed by the
spéce/code processor, one value (or perhaps two) are set
20 tb. zero. The remaining values are then inverse
transformed using Figure 3 in reverse, namely an inverse ’
FWT is performed on columns of values, they are
rescrambled using the same access code, and then rows of
_ values are multiplied by a matrix inverse of the
25 - beamforming matrix to obtain 128 x N values once more in
the space/time domain. ,
Because the beam from which the signal was decoded
was predicted in advance, it will be realized that
beamforming matrices 70 did not need to- édmpute beam’
30 siénals for all the beams, but only for that in which the
signal is predicted to be received strongest plus perhaps
the beams lying on either side, in order to monitor for
the signal crossing to an adjacent beam due to transmitter
movement. The FWT processors 71 do not then have to be
35 performed for the beam signals that are not computed.
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10 |nput ‘val ues to 128 out put val ues and can be construc S|ng
fully paPP¥IO8tgic to operate extrenely rapidly, }’gg/yé?"ll

U S. Patent No. 5,357,454 to applicant, which is hereby |ncorporated
by reference inits entirety ~  herein. 15 In Figure 3, for
simplicity, it is assuned that the operation of descranbling the set

of 128 input val ues usi ng an access code assigned to a particul ar
nobile . . signal is included as the fimst step inside FW processor _
71. This step wundoes the step performed by the 20 correspondi ng
scranbl e 14 Qledd0lr fnlordle AL L 201 kS reverdSaik [bedhrbembhg! hat

assigned to'a transmtter previously I tifred wth
strongest sipyegesectPrvethe number: pE PRLPuL Maloes compuledopust be

transm tted é%%{zéi“%o the durdEfids gt ﬁlvéla@élét iled @Hérsémféfmﬂngne of
128 FWI 25 ocessor out puts from e of t % be?m asspci at ed

processors - 7‘?”&6‘}’?@“‘!% hespare tt exr Imationyees 6ﬁsshoul d

not change méi}er)oetwemaqnebeynbebsabde to tbﬁmpﬁ:ify atherlﬁdtﬁix
typically a fr cti.on of. a I secand.. bec ause the nobile transmtter

does not 30 MlGiRkAcgtAon otf}hd"ﬁw ht%H ’ér??ﬁ ﬁ?hn%dg‘?\n% fEHes
angul ar velmuig ycorréaporfling tcheundemputed besems,f ;aas longi dm\tthgl ng a

d ;synhol
b ror ™ | endrifEide O¥ dife RSl SE{T0 Reione HOR s dABHABonaRY |
same synbol tii ntha 3needed crbdnngs cmmmj@esx&imeneqo:veqet éreamEoringe

si-gnal “coef L8R ¥HID537 since completely different matrices a
PCl Usd Y/ 1458554 e Y 16 grow ng N

anot her di r davegieas youkd &han Rwed tq b recomppiifd ARd Fioxe ef=°:rs
novi ng, thee%wﬁaélgﬁhhn@iﬁeéuon, beanniy asd i petbép wuh@eb%cméhé ger

and then th%a%eraigg and ft%r no C%d' r&%néer}%ec{ma%ouet VH*‘A“ dwabsete£ e Port in 'noan
computing unneeded beams. The unneeded FWIs are still
15 saved if the .corresponding beams are not needed to decode

‘a signal. , _ -

Now, the signals received -from different mobile
transmitters do not necessarily have their 128-sample
‘gymbol periods exactly aligned. Moreover, the signal

20 sampling performed in the AtoD convertors 316 is not
necessarily synchronous with the center or an optimum -
sampling point of every symbol. Indeed the signal from
any particular mobile transmitter may be received with
time-smear due to the phenomenon known as wmultipath

25 propagation whereby reflections of the signal from tall
buildings, hillsides and such are received with different
delays that can be many sample-periods delayed, each
delayed version of the signal being called a ‘"ray".
Sample timing misalignment, whereby sampling occurs

30 between two code chips, also gives rise to ray-splitting,
whereby a correlation is observed for the two chip-shifts
_straddling the correct sampling point. The aforementioned
references explain how to handle all these effects by
computing FWTs also for 128-sample vectors that are

35 shifted in time to account for the delay of a particular



5 internedi ate phase, when the nobile straddl es two beans and thus -
produces swobdiss7 esults fromtwo nei ghboring sets of tfirossvpsdss, the
wei ghted sum of the two sets of 128 out puts may be used for decoding
t he synbol . Decodi ng a synbol conprises identifying the index of
10 the largest of the 128 val ues of the above-nentioned sum or of 128
FWI' processor outputs of a single beam This may be done extrenely
rapidly using fully parallel logic, . as described in U S Patent No.
5,187,675 which is hereby i ncorporata® by reference in its entirety
herein. Having 15. identified the index of -the |largest value, that value is
set to zero iechde 1P8¥Tvueatousr §9rf eachhshidamams asidad with compdex t han
one are Summigl); dined _ée%o&?ﬁmg "Eor WS pide shiff di® drderfudlt SBRCEE COde
domai n val ues . cofhputed by the ~ space/'code processor, one value (or _
~ perhaps two) gach athotOrgbtaipoa compined signdlnfor dagadinge Then
inverse - thpisd S {BEs UShdE HidEEl otdd M EYEr ESmb IRy Yufihd V&S Fex
FWI' i s perforne; orgﬁfﬁol umms. of val ues, tg&y are rescrambl ed usi t he
same accdss MRAGRERE (REALELOR ofTe  cpilgds ARBKR, f3R8'ed AP Fi x
“inverse of thaedfidbantdr napg Naialided o HAKE N ¢38fEiblieatses -oncerh@re in

e ol Bl p Fims ERRCUShe IR BRI oL eRk o
beanf or mi ng it messriki thgl the RAE ceef Timirntes beaed®rbsemeal fand al |
the beams, byt 'JA’a%rp%Q%E |t Ghe! Nverse SpBMREs! Sof! EHoCt g&.&&be
received strohn = pl<us~perhaps the beans I?i ng on either 'side, in
order tdOmniigyokwgs an g@eceptghdie cAess ngompazedadFacensingamxrett o

transmtter comsIEWeiRAGhting RAM1RE8CEeSSMY tibld@atAbbnsheByhamerdLsde 35

performed for the beam signal s that are not, conputed. . WD 98/ 10537

PCT/ US97/ 140owers of two are simple to implement by time-delaying
' bit-serially presented binary values, as described in U.S.

Patent No. 5,305,349 to applicant entitled "Rake Receiver

15 with Quantized Coefficients”, which is hereby incoxrporated
by reference in its entirety herein.

_ Figure 4 illustrates the arrangement for carrying out

2-dimensional transforms on different chip-shifts (RAKE

_ taps) and also how unneeded FWTs may be omitted. The

20 Ihp\fi:"buffers 72 receive AtoD converted sample streams
from each antenna channel 31 and clock the samples into ;-

128+L étorage locations for each channel. The extra "L"

locations ' corresponds to the amount of timing spread

expected, expressed in chip periods, between the timing

25 alignment of 128 chips of the latest Walsh code to be

received relative to the earliest, the spread being either

petween two different mobile transmitters located at

different distances from the base station or between two

_ d:i,f_féir:ent rays that have propagated over different length

30 pafhs. Corresponding ones of the 128+L buffered sample

" values from N antenna channel, are connected to an N-

input, N-output beamforming matrix and transformed to

' -produce N beam values. The 128+L values output from the

beam in which a particular ray of a particular signal is

' 35'_' expected to lie are then subject to a selection of those
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However, in order to be able to reverse the beanformng - Erocess'?O,
to t

the nunber WO 9BeSJet val ues conputed nust -be equal

i-nput val ues, i.e. the beanform ng matri x nmust be square and therefore
[ nformation-l ossless. 5 However, it may be possible to sinplify the
mat ri x mul tiplication by using a matri x containing many zeros in

rows corresponding to unconputed beans, as |ong as the I nverse of the
matrix still exists and rows correspondin to the needed beans

conprise the correct beanformng 10 coeff Zients.  Since conpl etely

different ma”ifg Eﬁag- 59 freggar ne th "E’“ﬂt;é’réi‘&g%&g ﬁ.rtnfng ali EREPM %%xa”d

stored for i on a singlé
matrix and to a]olza)echmpc!@aheu codet tThe \mdm:@fdmrqf ithe beam:@aqohttheg
unneeded beans ?ﬁq: t 'ma?ée edil e

cor respondi ng 1E)earrv;ssaérgf(;n% f#%a fac‘i% i bi'a\é @h fnlnteﬁ" trackex ﬁc? w,
the signal s reeeigkdkeppsmtaiagiereht th ﬁomalléles of t'F%’ﬁ’s'ﬂﬁ“f't Ep¥rgdagdens

necessarilgy haf@r”@éémlzéiféﬁﬁiéns onSy@heheper i9de e¥ECt bhedl honadal

Mor eover t he_si gnal sa performed in the A{oD convertors 316 S
ot heceo HISELGR RS AR hapnavaln 8F GPEERIGEATRRNAth E378 i ng
poi nt of everysl&iéﬁb@l on lelideﬁd- téieies,l gnaé fbﬁm cglpare)arnﬁzr taxf]cml enerrehu.‘kbe
transmitter ere o ue to.t enpnenop, known
as nul tipat h% Cor oﬁ%a¥ﬁ8n Wﬁ'@?@%§ ree?fﬁ’%%'i? n§:‘5'|e t R saf‘ﬁ’g’aYnﬁrom EDVQ

bui I di ngs, hi |disamies]l antackelr S3c aleei keepsi tiradkf b aiite meanebamplekat

Can o0 S ¥Rl DB Aikb{iihRY BlrrRial sons IR ENALY CERLAN e | HE1BHANT)

bei ng ¢ npl i ng
occurs 30 betmﬂmnan@ %mb%hpsglo@ &e gﬁhﬂeglerxtse whighywisldtt ﬁgRAKE

wher eby a cor r&ldg# ok dst Obfé@.?l‘ﬂafff%rt kembiRinh RiSfEdient ra¥isl.addibha

the correct sa Ilng oi_nt orerrentloned - references éexplain h w

to handle all % § Jialsh, SPect R AHERRF FARR Sa58 FT £98. &akpleot
vectors that & @a&&uﬁﬂéi e grial e wed ghted Wi thotheheotil ex ebnugate

IF:)’?J[I'} IUCS:S|7/a1rP408§f t\%)e ggxégcggd value produced by the channel tracker 73
and added with 128-point weighted vectors for all other
rays for the same signal. Each ray has its own timing and
may lie 'in a different beam from other rays of the same
signal. Thus, the RAKE combining can combine a set of

20 . Walsh correlations for a direct ray received from the
South with another set received L chips later from thg
North, being for example a signal reflection from a large
building or mountainside. The channel tracker determines
which of the times-of-arrival combined with which

25 directions-of-arrival contain the most energy and combines
the_sé signals using for example the aforementioned
inventive RAKE combiner having quantized coefficients.
The combined signal, due to the complex conjugate
we:.ghtlngs, should have its resulting values rotated into

30 the real plane and thus the maximum of the 128 results’

| real part:s is determined by a maximum search circuit 74.
In Figure 4, block 74 also comprises accumulation of the
128-Walsh spectra for all rays using the weighting
.coefficient supplied by the channel tracker 73. When the

35 largest value has been found, its value is returned to the



18 echo. - FWI vectors for each shift are added with conpl ex _
wei ghiyro ggfossynt i ng for the phase shift and attenuati on rdr/usszidesach path to

obtain a conbi ned signal for decoding. The chip-shifts that are

sel ected for conmbining using conmplex 5 weighted addition are called
"RAKE taps", and the coefficients are called "RAKE
coefficients". The combi ning of FWIs with conpl ex weights may be
sinmplified by restricting the RAKE coefficients to conprise real and
i magi nary parts that are inverse powdfs of tmo which 10 involves an
acceptable . | oss conpared to.using exact onpl ex melghtlng val ues.

Mul ti pl i zHaromesl btyraq:im sko updatR\ihe @ﬁef%cwet stapFEme of PEpERRent by

tl rre del aﬁ'%af? t &t | Y prggentgdnhenar yriakees, wasldeatsobed in
en%ytﬁ) 5,305, 349 to a§p|l Eﬁgﬁ entitled "Rake Receiver 15
W|th Quardétexminef whethex: hathra eB§ i pBfEFefime g

referenceﬂﬁé\?ﬁéf SﬁétfxékyrB@'r ¢id become 1ar§egure14npllllmﬂihﬁl eshehe

ar rangenent car g 2 di nenslﬁﬁgse ansfg %: Qg]gg é]erent

chi p-Zhi f@%r?%ﬂtKE° g ﬂEF afhd SPERMIEBT d8d SRS Chay fted.

The 20  d#pisfadelfdmnd Sd:‘?ﬁedftﬁi:@t-vﬁ#dnﬂmbseth@d avehet spresestly  from
each -antenna g annel e 28 S age

| ocat i onsS¥HH+ g’a%?f‘%ha?fﬁ I%ﬁ%lfgeg%%(%] &5‘{1’%&? &%&%ﬂ?%%% cglrjreggénds to.
t he anmounteidhtedisumsirgawhich azxepcompytedppeetdari kochepepEiNgds,

bet ween t g£2 |d 29 "Vt 8¢gh drahesthdil shecode te
be rev(;:}gll%'etg} a%n\eg dt% t he e%%?\%s%g F%Sog; ?a?épgl ri)g° eit heil;
nt

bet vie®n tw*di@ﬂ%l?énFO%EF-PBtlpﬂarfscm ther sun,g ipyfE
di stancesldgf t&eeb@ﬁplsi-éﬁ,lgeeothgegmgghfv\ane different rays that have
pr opagat e er, di ffere th 30 pat.hs Correi%ogdi ng gnegﬁ% t he
128+L bufferedF%%’E)?e °“(Fdl"gl$scPP5‘ﬁ1c 1omsefR% BRARRELDIFRE cted to
an N tap o tine-afprivednrepresentstd by bodferedssampiest b+l
prooduce N be % Iu + 3; r _begiyin which
a partlcurr%r% fllbf a parpl cu%§ Ser n%ﬁﬂ%?i%%(pﬁqé%% le are then
subj.‘ES:t tmwﬁeﬂ,mf@ﬁ-@rr;mbg are shown connected to beamform:.ng

matrices, although it is possible to omit beamform:.ng

matrices fqr the time-of-arrivals not used, i.e. for

gsamples 1 to L. Only outputs from beamformers L+1 to

128+L are subjected to an FWT. In this case, the ray of

20. t::.me of arrival L+l is anticipated to be received from
dlrectlon nk", so only outputs "k" from beamformers L+l to

128+L are connected to the 128-input FWT 71 to produce a

128-1$oint Walsh spectrum output. This is accumulated in

128 bins in block 74 with the Walsh spectra for all other

25 significant rays, using a weighting coefficient from

channel tracker 73. When all rays have been processed,

block 74 determines the largest accumulated value and

outputs its index as the decoded symbol, and returns the

value to the channel tracker. The sequence of 2-

30 dimeﬁsional transforms corresponding to each ray is then

| fepeeted, “to reproduce the FWT values that were

accumulated, and after each FWT is reproduced, the value

corresponding to the decoded symbol index is set to zero

and | Ehe inverse FWT performed on the residual values.

" 35 _ Then the inverse of the beamforming matrices are applied
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- WO 98/ 10537 ' ‘ PCT/ US97/ 14085
19 wWOP8M053t correspond to a particular timng ali gnREXUSPEI4085 a
128-chip Wal sh code. The prediction of the beam and the timng of a
particular ray is nade by a channel tracker 73 whi ch keeps track of
t he val ues of maxi nmum correlations 5 for beam directions on either
side of the nom nal direction of arrival as well as correl ations
with time - shifts on either side, one chip early and one chip
| ate, of the nom nal expected tine of a?flv The channel . tracker

73 al Kk t K f- he_n . I f t
 averaged fr B GREGRT ohae - moat il e o b SRS I Sl o -
-yield the RiEe. AfteEf theijbmst v@q:bniedfsngmam ipedi femosrad fayom The

;gf cpornt V‘éﬁé"bﬁ?f&%&ﬁ%ﬁi‘ﬁggtf&%%%f%&éﬁ% J@'i]y?t’e@ach defined

expect ed vab¥We %réﬂﬁéé&lw phcagwivadl Pleekar trve-of-axwmivatibd thath

128- poi gt wgk ghked Héﬁ‘sCt*Péﬁlﬁ%daEE:oﬁi hafe pictiP¥Sah@ tHifs SaBBsSpal .
Each ray has Tts _own tim le_in a different beam from ot her

rays of theiBtgEfere WéF&ngP-gnaiIﬁ@“bﬁ?&Wé YeS8598esy can conbine a set

of 20 Walsh .corgsl %heorfné@fp@r@&é&ct:eféreheeel ved ﬁzfélﬁéﬂ“@d way Seuth
wi t h anot her rec ved

chi Iater fromthe . . ng for
exanpl e a s‘FﬁfﬁF reftt ahsf'ﬁﬁ &Sar gETOM ARy | §FRYCor m%ﬁlﬁ “de. The
channel tra@dsfredpbndumgeso a pamtmm.tnan‘ ttilwe -ta fivesmmifradr disvdi scapisieded wi th
whi ch rons riv t nogt y n
t hese ~Si ggg’a%egé B uQL E a ﬁgrﬁgﬂ QPEfEE?:f r%ﬁgﬁ?ﬁéﬂ 8%@"%9}1?\"%%?‘. ve
RAKE conbi n@fthlveng ﬁﬁﬁnt@z%}@liﬁ'éeﬁﬁ%ﬁe?ﬁ sk28 tapsThH@ e¥nBewadasrgssl , due

‘to the Corrpgeggwﬂ USéEeof avmaﬂiéw %@1@&{@&@ i t SpResHkliRgaval ues

rotated into the real plane and thu xi mum of the 128 resul tis'
real parts slslaét&vn%ﬁwwnepmrﬁ;m%msa ad @St a7kinary integer

" jJo + 2+31 + 4-32 + 8-33

15 as an example where the maximum value L is 15. |
A first stage of the barrel shifter selects 135 taps
to comprise either the sample values 1 to 135 or 9 to 143"
according -as the value of binary digit j3 is 0 or 1. The
135 selected values are then subjected to further .
20 selection of 131 values to be either previously selected
values 1 to 131 or 5 to 135 according as the value of j2
is 0 or 1. Then those 131 values are subjected to a
further selection of 129 values to be either previously
selected values 1-129 or 3-131 according to jl. Finally,
25 jo determines whether previously selected value numbers 1
to 128 or 2 to 129 are selected. The advantage of this
approach is that the total number of switch positions is
apﬁroximately 2*128log, (L) compared with 128L for 128, L-
| pole switches, a reduction of approximately 2:1 in
30 complexity for L=15 and greater savings for larger values .
of L. _ ' '
It has thus been described how a first signal is
decoded and subtracted. After each iteration, a symbol is



In Figure 4, block 74 al so conprises accunul ati on of the 128- Wl sh

spectr aw@bg/@ssy r ays usi ng the wei ghting coef fi ci entperrpsyraesby t he
channel tracker 73. Wen the 35 | ar gest val ue has been found, its val ue
is returned to the WD 98/ 10537

PCT/ US97/ 14085 ' 20 channel tracker
to update the coefficient in tinme for the next synbol. peri od. The
channel tracker will “also det erm ne whether that ray shall be used
next tinme or whet her another ray ha&? becone larger. Inplicitly, the 5
circuit of Figure 4 conputes FWIs also for tinme-of- arrivals and

di rect i on- ofleapdedafert RaPaztd cvdapmelids yand thenynthe caneeandceder ef ore
do ‘not Contiﬁbeﬁsnm%edt 88 be tM&tJBEeCEhé URbxPUSLMBhEEsE! RoBQTBULSERRA OF der
to determ ne . en or if one of thgmm%rgws to becone greater Than one 10
previ ousl y @B@t rd bfS%hgiFETakdOBUNPEREOTMEEN poitftaThe deCOdiRg epaBRe Wil |
repl ace thegsgmal or tiee. largest -vallh@ir éndicheiwet ¥ CORBC Gyt f 9k -
sel ecting the RAKE tadp qift__i -of-arrival re resﬂei’g?bé?buffergd
sanpl es® L+158vedy {58, conplex H‘%t%%tapB‘?&sb‘E' & Qo= -BeRPSafnd Al 15
128+L ti ne-aphitudel sofir eldtowsigmailect echd o theantompilex valoetrises,
~although it_J ible to ogyt,. nf ) o aaMhLLGeSWEQr the -
time-of-ar r?“\}/%fés)a%(ﬁ)t '}l']lgedjg |gié£n$§? Qfg}s:g%%).l e2®1 {i%bégi_b%ﬁl yg'gut Bﬁ? s from
beanf or mer sineqrporated] refiergnsesubjircosdero tm feFerminet Hirs whieh t he
ray of 20 | res Of s ard 4 : ol indd Ci. enkecgh wed.f '
direction —‘—éi-'-ﬁ%-gé%%léﬂ/igﬁlp:ﬁ%é "lajfr%édmagéﬁa% (‘)'ltrs‘r)n!e:rgsb%+§g'%L é fo é?%ﬁf are
conneck®d tePhexensdeRpgtipar ofl the piydeed. a The megnifiude \@f skihspect rum
out put . . Thitsra ke Cwalhal edahn also 188 hidea i Bobl ekaide withe t Begialsh
spectra for al ngth%rdde £ot Bid WAL 158 Bamp1¥ BwBolCLARLLDZ: Cg5h o1 o

thus to effect re-adaptation of the order of processing to
account for different fading on different signals, such
15 - that decoding in descending signal strength order is
maintained. :
The index of the largest FWT component identified
after combining all RAKE taps provides the index of the
FWT component to be set to zero on the signal subtraction
20 cycle. The machine of Figures 3 and 4 thus preferably
' comprises at least the two distinct phases of: - P

Detection phase: Calculate FWTs for the time-of-
arrival and direction-of-
arrivals of rays predicted by

25 ' the channel tracker from past |,
history to contain significant
energy, accumulating the FWTs in
128 bins using channel-tracker-
supplied weighting coefficients

30 Then determine the index of the
largest accumulated value.

Subtraction phase: Recalculate the same FWTs as
above, in descending order of



s

channel . When all rays have been processed, g%? _
determ neéﬁﬁﬁé{ rgest accunul ated value and out put s il':ésablen g)é&ass t he
decoded synbol, and returns the value to the channel tracker. The
sequence of 2- 30 dinensional transforns corresponding to each ray is

t hen repeated, to reproduce the FW values that were

accunul ated, and after each FWI is reproduced, the val ue correspondi ng
to the decoded synbol index is set to zerg and the inverse FW

- perfornmed on the residual values. 35 Then the inverse of "the beanform ng
matrices are applied WO 98/ 1053ray strength, and set to zero

PCT/ US97/ 14085 t t t he
nodi fi ed values to input buffers 72 on%lée compmgxent %"‘rtg e"?:ﬁ'%lgt s:l'(fl’gcoded

si gnal has been renoved from. - the &odver ckhdex ubefiaye alinhvergs f Beant
rays (each-defined Dby a directiongphegLibNal p't’%aﬁsfb?ﬁlﬁ ar ghyal )

that. 5. signal has vanished from'the picture and does n
interfer& virth signals subsequently deé®gidual values| n 4R | n@BFﬁbPat ed

references, a preferred way to sq{,&ﬁfléaeva]l&ssaggkespeff@ﬁlﬁg
I nput buffer 72 corresponding tg a particular tipe-of-arrival

di sclosed 10 to be by use of a barreltR§iNexE 2- ‘E%‘??’e‘?n§%|?¥%‘?sf§r'&n

efficient way to shift a set of 128 tafsrugher :¢gofichess lowest 128yl set
~of available tap sel ections. The desi red shift "j" between 0 and L

is expressed as a binary integer st tlj‘b + 2[err]jl + 4[err]j2 +
8[err]j3 —-15-..as an exanple where the maxi numvalue L is 15.

first suage qf) thesbpiLs! shidds&ta Sﬁuggéswﬁ?liht% be termed "search

phase" comprises: .
Search phase: Perform a 2-dimensional transform for
at least one other time-of-arrival and
or direction-of-arrival not used in
15 the detection and subtraction phases
.  in order to detect the imminent growth
of rays which should in the future be

used in detection and subtraction.

wr
$

In the incorporated references, it is also taught that ;
20 fourth phase, termed ‘"“reorthogonalization," can be
desirable, in which, after processing other signals
through phases of detection, subtraction and search,
previous signal-access code is re-used and a new
subtraction phase is performed for the previous signal
25 using an already determined index. In other words, the
detection phase is omitted because the index of the
current symbol is already known. The purpose of the
reorthogonalization phase is to reduce residual errors
left from a previous signal subtraction phase due to
30 errors in the amount subtracted caused by the presence of
other signals. Those errors are proportional to the
strengths of the other signals, but correlated with the



to conprise either the sanple values 1 to 135 or 9 to 143 according as.
t he vawoeosabsdzi nary digit j3is 0 or 1. The 135 s@CTAIS8TI4P8S ues are
then subjected to further 20 selection of 131 values to be either

previ ously sel ected values 1 to 131 or 5 to 135 according as the val ue
of j2 is O or 1. Then those 131 values are subjected to a

further selection of 129 values to be either previously sel ected .
val ues 1-129 or 3-131 according to j1. Finally, 25 ' jo detern nes whether
previously sel ected value numbers 1 24 to 128 or 2 to 129 are sel ected.
The advantage of this approach is that the total nugber of swtch

posi ti ons EiFst sigpak oxi MhLEKy TEMONAG[ERe | PEREE o FRIPBE SWANSETEL f or
128, | L- t thfe Féltszlgvﬁﬁ%h€ﬁert%fbi'éue;_txii@"ir§1_16}fﬁﬁ£ﬁﬁ@tlliit)’ 2he Iel?c]:ﬁil_}
conplexity fo =15 a reat er _savings for |arger values .. 0 :

T has 1 hiamobe, dRRSH AR NFELOTILES sp ey FBErelRedEn, waing, o

subt r act e@wT . Af e hepaGubtiractticm, phassy MhEn iremoves Whe) & ifm37 :
PCT/ Ug97/ 14085 . i - . . . e d for a
parti Cul ar rmbiAI grgﬁgxfrﬁgh fﬂ'ﬁ%mél(?(gels?s? (?(;dé-'he be""’lms‘,‘E O%ﬁ%r? e&%e%a%gl% at of
the next widdngest bepdielseribgadal A sigmad dnedwWentea | panfegr dd. -
Alter decodyngee@olien s wileN2keul pCihoh ORSltdRlYIBd Adieena) offurkie Symbol

is 5. / conplex value I's a neasure of the phase and
anpl i t udesignalsh@d ofjgnal, and the conplex value is averaged -.in
a channel tracker as described in -the i ncorporated references in

order to detefi ffie in which S-.-al| ane {&% s|lgnal phase lies, and thus to
be able to effect 10 cggefenﬁL ectio Bf he_s¥npoli The magni t ude of

t he tracked val ue can al sé be used{to pf€di c® The signal strength

order for the next 128-sanple syl inigydp| and thus to effect
re-adaptation of the order of processing to account for different %
fading on different signals, such

where A is a column vector of the complex values a(i).
10 How much of the column signal is attributed to s and
how much is attributed to the antenna channel gain factors
a(i) is somewhat arbitrary, so for reasons that will
become .clear it is chosen to normalize the wvalues of

al...a(®m) such that

laz}® + |la2)?...... LoHlal@m P =1 .

-~ 15 To produce a beam that optimally combines the energy from
each element to produce maximum directivity towards the
signals source of S, the combining weighting coefficients
should be equal to the complex conjugates of a(i), that is !
the combined signal should be

al
az
[a1*, a2*, a3*....a(n)] . |. .s =4%.4s

é(n)

20 where * signifies complex conjugate and # signifies
- conjugate transpose. '



-
15 that Gﬁ?% in descending signal strength order is o tdYradased:

The i ndex € largest FWI conponent identified - after conbining al
RAKE taps provides the index of the ~ FW conponent to be set to zero on
t he signal subtraction 20 cycle. The machine of Figures 3 and 4 thus
preferably conprises at least the two distinct phases of :

Det ecti on phase: Cal cul ate FWIs for the tine-of- :
arrival and direction-of- 25 arrivals of
rays predicted by 25 "~ the channel tracker from
past But 2% . 2 = |a1f? +|a2ﬁstory t o+ faofat)dPn significant

ener gy, accunylati t FWIs 28 bi
usi ng channelmi'f Q%s t}:een set %qual to 1 above. Thgﬁ[e)[f) F%d Eﬁﬂlﬂé

coefficients i3 simply s, J.ndlcatlng that Thercagdet ke nequatied mndﬂx thet he
| ar gest accu@gﬂle%:ﬂ&f@ energy 1nter<§$’€éé‘%jr°f‘h@h§§§a Recal cul ate the

sanme FWs as , In descendl ng order of
WO 98/ 105537 ‘The beam forming matrix B mupgpgggpﬁg,;@g;ontaln a

23 row equal to A' for tHY BéaRNAbEBdedaFdrSYedsdvEHP S. As
t he corrponent of e%ch wi.t h"t he apove i ndex

before inver ¥@ta. the other rows of B are not-dgfined; s w’c“ar??ﬁ?f?"ﬁ?ng

thg_ f_5 4 val go ?hortlyf after wel ebmpbed  th Usadltﬁ.enalohfr irement
modi fi ed va or erfor e next
2- di mensi ona:*tl @th‘g to zero the component jn t%eS Brandy ¢

| owest nay ‘muit::ply:.ng by the inverse of B, the signal S shall have
vanlshed from all antenna element values. :

Thus multiplying the vector of rece:.ved signals V by

the beamforming matrix B y:n.elds A

s1

s2 | where "s" is the desired signal ray and si,s2
15 B.Y = s correspond to other signals or mixtures

thereof.

*

Setting to zero the output corresponding to S is the same .
‘as subtracting the vector ' '

& =|g| from the result.

20 After multiplying by the inverse of B, we then get
-( (B*¥)- 8 ) =¥ ~ B! - 8 which should be equal
to zero if B!'. S8 cancels the components of S at all
antenna elements.



strength. 10 In addition, a third phase which may be termed "search

phase" oRoRB1667: ) . Search phase: Perform a 2-pCIvessiiaoss
transforn1for at | east one other time-of-arrival
and or direction-of-arrival not used in 15

the detection and subtracti on phases in order to
detect the immnent growth of rays which should in
the future be - used in detection and subtraction.

In the incorporated references, it is ak8o taught that a 20 fourth phase,
termed ."reorthogonalization,” can be desirable, in which, after
processing other signals - through'phases of detecti-on, subtraction and
search, 'a rphe dEMedUs Signal -access code is re-used and a new
subtraction phase i's perfornmed for the previous signal 25 wusing an already
determ ned index. In ot wor ds, tfe détectian pha Is omtted
because the index of the cu nt | synbol- is al rigady . The purpose -
of the . reorthogonahl afion phasejis to reduce sijQ§ errors | ef t
froma previous signd ‘stfa{ratt{gpiphase d&& 8o 3q1|etfors [in the anbunt
‘'subtracted caused by the |pfesenge of ot her sidgnals| . Those errors are
proportional to the: -dengt b8 (8}) t he ot her si | sia@dl correlated with

t he WO 98/ 10537 _ | . PCT/ US97/ 14085
24 - S - .- |
— —- The above shows that the column of B! corresponding
to the beam of signal S is equal to the vector of
coefficients a(i). | |
5 i  Since B-B? = I, the NxN unit matrix by definition of |
the inverse, this is consistent with the row of B =
(a1*, a2*, a3°....a(mtes the column of B being equal to
la1]? + |a2]* ...... +|:=1.(n)l2 1, giving a "1* on the
diagonal, but other rows of B times the same column of the

io inverse must gives zeros, as the off-diagonal elements of
' the unit matrix I are zero. All other rows of B must
thereﬁore be orthogonal to the column of B! formed by the
a(if values. Denoting any other row of B by
(rl,r2....r(n)) we must therefore have - _ r

15 rl.al + r2.a2 + r3.a3....... +r(n) .a{n)=0

It can also arbitrarily be required that rl1? + r2? + r(n)?
= 1. o _ )
_ Such a matrix constructed with one row equal to a
given vector, all other rows being orthogonal to it and
20 the sum of the moduli squared of any row being equal to
unity is called an orthonormal matrix, and may be
constxuctéd' by the known process of Gram-Schmidt
- orthonormalization. There are some dégrees of freedom in
assigning values to the other rows, and if desired as
25 indicated above, this may be done in such a way as to
maximize the total number of zeros in the matrix.



v

first signal. After renpving the other signals causing the error and

t heref ore wobgnesa? |y making it, the error can be det ecPEHUSY7/14085
perform ng a new correlation using an FWI. A new subtraction phase
then renoves the error. 5 A preferred fornul ation of the

beanf orm ng operation wi |l now be described. A signal incident on the
array of : ray strength s will result in a vector V of antenna colum
signals 23 of §7a1 al

s. a2 . az2. a (n) (n) where Ais a

lgnal 15 attribuBeeeterang it i S e ol Befheb s

channel gai n maantik Scan ba(d:c)nsti::suebeﬂvhat setbingaoye row égualeteohbet hat

v | becone ¢l ear 0 a n
S " MLk b )RR 8 VBCh h nireh,
1. - 15 To mradﬂmma be&mn&t @pi%ﬁby Eombiofdiex h&-dnergyst rbaing
each el e Raiay 6&5@%&6&11281:10:; signal s source

of S, th COf%I n ng wel gh ng coe%?lmen ts shoul d be equal to the
- conpl ex conj ugat eAnother) formulatdon of  khec hAAMQINSNBRY s Rsu| Bage

al using Butler. matr:.ces or tHeir numerical [&dUntéfparts,
a3*. . a( n) ] = A err]

(n) WHaarete slr@m%st%%#%&m%onj%g%% oh FigRe i frem the N

conj uga_t e_ tr@iﬁﬂ&ﬁfh element columns 20 disposed around the cylinder 21
-1'0 Tin a regular fashion is connected to a Butler matrix 80.
The Butler matrix 80 produces N transfo:_:'med signal outputs
which are related to the N input signals by an NxN \
discrete Fourier transform wmwatrix. which has the
Orthonormal property. -When a signal impinges on the array
15 from a direction THETA which is slowly changing, the
- signal pattern received at the elements slowly moves
around the array, becoming identical with the pattern a
value 2Pi'/N of THETA earlier merely shifted by one
_ element. The Butler-matrix transformed wvalues become
20 .equal" in amplitude to the values at an earlier value of
THETA, THETA-2Pi/N likewise, while the phase shifts of the;
transformed values are changéd by multiples of 2Pi/N. 1In
fact, the amplitudes of the transformed values are very -
nearly the same for all values of THETA, while only the
.25 phase changes by multiples of’ THETA.  Therefore, the
desired weighting of the element signals can, to a
sufficient accuracy, be provided by means of a constant
‘amplitude shaping performed by applying different gains or
at_,j:enuation factors cl,c2....c(n) in an amplitude shaping
30 uz;'it 81, which also may insert fixed phase changes if
| necessary for transformed components 1 to N, while a
phasing unit 82 changes the phase of each transformed and
amplitude-shaped value by multiples of the . .direction of
arrival angle THETA. |
35 - . Finally, if the phasing unit 82 is chosen to provide



/

WD 98/ 10537 _ ' PCT/ US97/ 14085

25 woosnossy But  Alerr] . A= lal|l[err] + |a2|[err]. pc-m;sg-)/ﬁﬁgm[err]
whi ch has been set equal to 1 above. Therefore the result

sinply s, indicating that s can be equated with the tota
signal energy intercepted by the array. 5 The beam f orm ng
matrix B nust therefore contain a ~ row equal to Alerr] for the
beam needed for receiving S. As yet, the other rows of B are
not - defined, but will becone 28 so shortly after we inpose the
addi tional requirenent that, after setting to zero the

conponent i ntBes phé@esamgcessary fom N heams| SimylbaneAusilyy éhak @#Xe, the

signal S Sha%#) E@Hﬁby mult:Lples o¥anipahgd. ft'h%ﬁ %h'e %Ha%fi@@ AATE Y Vi% ues.
Thus mul tiplyf'ng the vect or "of recelved signal s

beanf or mi ng ARt ApVegsg Bugder matrix (pxr Aipverse Fo¥1r1er transfo%é.,rb

'is the deS|ngeshgm@&1531 abmain)s?2 - 15 "B.V'= correspond to
ot her signals

Setting Po zero tﬁ@‘ ?xtur %orlrte%rﬁ}?‘?l"&‘troh%tlgh%h é‘éﬁef’u%fers have as

subtracting bhenveransferred to the patpluts of the BuSler Matmibhaiesul t.
[err] _' 80 and the amplltude shaper 81. This is possible because
' functions performed by the Butler Matrix unit 80 and the
;_pgg;ipude shaper 81 are neither direction-of-arrival nor
10 time-of-arrival dgpendent and may be performed on a
sample-by-sample basis, and the results held in the

; buffers 72. The barrel shifters (not shown) as described
above then select 128 of the 128+L locations of each of
the N buffers to form the N inputs to 128 phasing units 82
15 ' that complete the beamforming for a ray with a particular
time-of-arrival and direction-of-arrival. After: signal
detection and subtraction, the residual signal need only
be inverse transformed as far as input buffers 72 and need’
not be transformed back through the amplitude shaplng unit

20 81 hor through the Butler matrix 80. _

' The advantage of performlng the fixed transformation,
of the Butler matrix 80 and the amplitude shaping 81 prior
to entering the input buffers illustrated in Figure 4 is
that the beamforming units 70 become simply phasing units
25 82 that. only change the phases of the signals prior to
combining them and do not weight the amplitudes. The
phasing units 82 may moreover be efficiently implemented
using an Fast Fourier Transform (FFT). The FFT produces
beams with spacing 2Pi/N from a starting angle THETA that
- 30 iéhimplemented by applying a fixed phase slope to the

input values given by the factors

1, EXP(THETA), EXP(2:-THETA), EXP(3-THETA) .....

where THETA is between 0 and Pi/N, or between -Pi/N and



20 After multiplying by the inverse of B, we then get

Blerr]( (Whesndsy)- S ) V - Blerr] S which should be equBCTUS97/14085
to zero if Blerr]. S cancels the conponents-of S at all

antenna el enents. ' WD 98/ 10537

PCT/ US97/ 14085 26 - Therefore
[err] - - The above shows that the col um of B[err] correspondi ng

to the beamof signal Sis equal to the vector of coefficients a(i).

5 Si nce’ Blerr]Blerr] =1, the NXN Zfhi t rratrix by definition of

the .inverse, this is cons,|st nt with the row

a3*. ... a([ertPiMls (THE ?'6'15 57 ﬁ’&p&?l?%n 2 f:"ne| gi%FSFFFH °f- . |a
(E) |Terr] —lérrﬁiral nﬁeﬁoiﬁtlon tbeaccuradnasoaal lebst thaheﬁpw?vfswg&la ti Imes
t he same co m e_nust _gi Ie the o i agona

el enents of © ‘”Q’E"ﬁerﬁﬁ??vﬁﬁt EY‘ egp'lg 78 8%2%’&% o?ﬁe?ﬁr ows of B mnust
therefore be ort Piguzé t% whencotombinédBwitl Foghmwe by tehdhibits aa(i)

\r/rﬁls?efh &5 of O%Q%&Q%f% H-EEEssbLY ofbrabingVin one(&imbhsion bENY Ve
2-dimensional array of numbers with FWT processors

operating in the second dimension. FWTs and FFTs are both
in the. family of Walsh-Fourier transforms, that diffex
only :Ln their appllcatlon of steps known as "Twiddling".
10 A Fast Walsh-Fourier transform comprlses stages for
. combing pairs of values called "Butterflies" that compute
;& sum and a difference interspersed with stages for.
rotating the phases of the complex sum and differences by
"fixed amounts, called "Twiddling". A pure Fourier
15 transform has twiddling between every two successive
- Butterfly stages, while a pure Fast Walsh Transform has no
Twiddling stages. A hybrid Walsh-Fourier transform has
some Twiddling stages; a two dimensional Fourier Transform
is one example and omits one twiddling stage. A Fourier
20 transform on a 3-dimensional array of numbers is
structured the same as a 1D Fourier transform operating on .
all the numbers arranged in one big vector, but omits two
twiddling stages, and so on, ‘that is M-1 twiddling stages
are omitted in performing an M-dimensional Fourier
25 Transform. For the phasing units 82 of Figure 5 and the
FWT processors 71 of Figure 4, the combined transform may
be performed very -efficiently by using one large 1-
dimensional transform of all 128 x N values arranged in a
single vector, Jjust omitting 6 twiddling stages
30 cdfrresponding to the 128-point FWT portions, which are
equivalent to a seven-dimensional Fourier transform having
two data values in each dimension, and omitting a further
stage of twiddling corresponding to the 2-dimensional
c'as_cadé of the FFT with the FWT portion.
35_ : An example will make this clearer: Fast Walsh-Fourier .



15 r1.a1+r2.a2+r3.a3 ....... +r(n).a(n)=0 | t 'can al so

arbitrari quiredthat riferr] + r2[err] + r(n)[err]

Such a na r|x construct ed with one row equal to a \WW?&“ al |
other rows being orthogonal to it and 20 t he sum of the nodul i squared of
any .row being equal to unity is called an orthonormal matrix, and may
be constructed by the known process of G anm Schm dt :
orthonornual i zati on. There are sone degrees of freedomin assi gni ng
values to the other rows, and if desireggas 25 I ndi cat ed above, this may
be done in such a way as to maxi m ze the total nunber of zeros in the
matri X. trand@difnsl Ohdy be constructed most eff:.c:.ently when the

T e been Mkat, 43k TTERY,SOTRTASRE 2 nuther, pf YAIURS SFAY (A& by

setting onepmm:eq:faltmo t fhus, J.fcbhpmgamberobftheamsqely@%&ﬁﬁﬂtcgal ns
and phases nn 0 t N-1 rovxs bei ng.
wer é\#]%d;f E?ﬁoﬁggtﬁé}g 5 ﬁlnce WAIYH

5 constructe rza ro
f or mul aSi on off Q:h%e béaﬁf dihealregdye anmiwwer ofudiwey Btllud:nr timet rtcnmsl or

their nuneriggmbe3O WY Hatd alues will FOpEL zFﬁuﬁ.bgré&;Qrﬁfsor Whic 9 :‘ts t of

signals fro ;he N antenna el enent. columms 2 posed aroun
cyl i nder 21210 in a regul ar fashion is connected to a Butler matrix 80.

The Butler .matria 2% mmdmmad\lddmmfl @ﬂ\p&iﬂd&hzo%ﬁtte&-fl sty are
related to the, N.Jjnp nal s an screte r|er transform
mat ri x %hm{'sf ?‘ﬁ%adfl Os?%gﬁgr %ql\évﬁ?fbegbﬁm Wépatgﬁgl%eﬁw nges
on thelarrayppalchrtama boweveron théTAethiioted s tslansdforehaig ngn  d-he
oLonal pal! B e giehudl t@%ntslf%rﬁt BEALS st iIMehsTRIEY array T&P 01l array.

becom ng identi atter
; of size \

| 32X2X2X2X2X2%X2%x2 = 4096 values in total.

Accordingly, the number of twiddling stages is
15 reduced by 8-1 = 7, leaving only 4 out of the 11 which a
4096-point FWT can accommodate.  The four remaining
correspond to those lying between the first 5 Butterfly
stades of the 32-point FFT portions.
Thus it has been shown above that the cascade of FFT '
20 beamformers 82 in one data plane with FWT decoders 71 in
a second data plane may be performed using a generalised
single-dimensional Fast Walsh-Fourier transform programmed
to delete appropriate stages of twiddling. If such a
device is constructed sufficiently, efficiently and
25 economically, it may become uninterésting to omit
computation of unused FWTs or beams and simpler to compute
the whole set for every ray.
A further variation is to note that the exact beam
| direction for a ray, formed by customizing the value of
300 THETA in Figure 5 for each ray independently, is only of
‘relevance in obtaining accurate signal subtraction.
'~ Accurate signal detection in the detection phase can be
- performed by computing only sets of beams using THETA-0,



val ue 2Pi/ N of THETA earlier nerely shifted by one el enent . The

But | er - MW@ P&1853%insf or med val ues beconme 20 equal in anpl i PEHESYHI4PR%

val ues at an earlier val ue of THETA, THETA-2Pi /N |i kewi se, while the
phase shifts of the; transforned val ues are changed by nultiples of
2Pi/N.  In fact, the anplitudes of the transformed val ues are very
nearly the sanme for all values of THETA while only the 25 phase changes
by nul ti pl es of THETA. Therefore, th desired wei ghting of the

el enent signals can to a suf fici ettt accuracy, be provi ded by means of
a constant It = Sha f a aijns or
attenuation ¥ ac?’or sh : Q Rﬁj& ll% ggqgggh Bgéc}%é}gl% u(%l t 81,
whi ch al so rdirecksion- ¢f7@ﬁf-'p'?i%1%é“ é@,etween twe beans y’l Shpahgporned
conponents L4 Otl%sé"“thé adj acema%éwnyma ﬁaafbﬁggag W pRdpe, of agach
transforned and a |tu%$s a value% mul tTp of the direction of
arrival angllOnHE®S € chanpn II'Sfra‘F]‘Fe’f?le Rasﬂ’@ i taBPYPRYéAE€en t o

provides o3P {d8d for the two adjacent beams however, Pégﬂﬁaz/ 14085
28 t he, phases necegiar'\?\_[ 'ﬁie Itaneousl¥’ t hat ﬁ
spaced by mAfGEFEORs Wadd/ NFeFREh- ¢ h %ggaﬁ TRFtien pbase aﬂe?’ﬁ%”erse '
Butler matr |pre(ﬂﬁrabn§ersse50uhee|commm:f oraluen of THEWNA monsravse themin).
5 I n. F| i3 h e JenRut, n
transferredst e t:lso"t’Jt p?ééaé 9*}9”,}3%& BQ tg’llﬁx %nqnip%&dw%%msﬂ F%&%
anpl i tude shdgdesh giit i sulledosuvtbl eTbsca'asl@le of THRTR ixeguiced omayd by
the B I t t ‘

€ Buylger- ?ﬁ%;r“ Va'%}‘lrinr% aw Bfe chaﬂﬁ@!l' EgSCﬁQ PeErSth 2EKe" e%ﬁ@ﬁr

di rectlon o] or time-of-arrival epen ent and q% _
per for med ogogfficientf eﬂbr,; sERBI e GWesi sadnwtthbeawm fupa| dforn the
buffers 72. gtteadaldel shifters (not shown) as descri bed above then :

sel ect 128 of the +L l.ocati ons of each of
l 8.!. other varfat;.ons comprise, instead of setting

a transform component to zero, after updating the channel
15 tracker for the just-detected symbol value to predict the
next value, the updated predicted value is subtracted from
the transform compbnent before performing the inverse
transform.
It is beyond the scope of this application to provide
20 a detailed analysis of all the pro’s and con’s for one
variation or another, the selection of which depends on,-
the exact parameters'of a particular implementation, e.g.
number of antenna columns, size of Walsh-Hadamard
codewords, signal bandwidth, traffic capacity and whether
25 the implementation of computations is by means of
programmable signal processors, hardwired 1logic or
Applications-Specific Integrated Circuits (ASIC) the
capabilities of which are ever-increasing due to rapid
advance in silicon integration technology.
30 " All such variations incorporating the inventive
principle of subtractive demodulation of signals in both
a signal (or code) space and a spatial dimension (oxr
antenna beam space) that may be made by a person skilled
in the art are considered to lie within the scope and
35 spirit of this invention as described by the following



/—’ . .

the N buffers to formthe Ninputs to 128 phasing units 82 15 that

conpl et ez‘w mformng for a ray with a particul ar POTIOS9Ti408s i val
and direction-or-arrival. After signal detection and subtraction,
t-he residual signal need only be inverse transforned as far as input
buffers 72 and need not be transformed back through the anplitude
shaping unit 20 81 hor through the Butler matrix 80. The
advant age of perform ng the fixed transformation of the Butler matrix
80 and the anplitude shaping 81 prior 32 to entering the input buffers :
illustrated in Figure 4 is that the beanform ng units 70 beconme sinply
phasi ng uni tglxbms. 82 that only change the phases of the signals prior to
conmbi ning them and do not wei ght the anplitudes. The phasi ng units
82 may noreover be efficiently inplenented - using an Fast Fourier
Transform (FFT). The FFT produces beans with spacing 2Pi/N from a
starting angle THETA that 30" "is-inplenented by applying a fixed phase
sl.ope to the i nput val ues given by the factors 1
EXP(THETA), EXP(2[err] THETA), EXP(3[err] THETA) ..... - where THETA is
between 0 and Pi/N, or betmeen -Pi/ N and ‘WO 98/ 10537 '
PCT/ US97/ 14085 .29 +Pi /N. THETA
in this case represents a flne di rection-of - arrival resolution to
accuracies of less than 2Pi/N while the FFT resol ves the beans in
steps of ‘2Pi / N. Figure 5 when-conbined with Figure 4 eXthItS a

5 cascade of FFT-processors operating in one dinension of a

2-di mensional array of nunbers wth FW processors operating in
the second dinension. FWs and FFTs are both

. | _ \



in the fam |y of Wil sh-Fourier transfornms, that differ ip their
appl i caMOWWP7st eps known as "Twiddling". 10 A Fast W@%ﬁﬂ”ge ~
transform conprises—stages for conbing pairs of values called
"But t i AN ute a sumand a difference interspersed with
stagei"""mﬂ”,""ﬂﬂlgﬂﬂﬁg t he phases of the conplex sum and differences by
fi xed *anpunt.S,u d "Tw ddling". A pure Fourier 15 transform has
tw ddling between every two successivess Butterfly stages, while a pure
Fast Wal sh Transform has no Tw ddT"l ng stages. A hybrid Wal sh-Fouri er
transform sonme Twi ddling stages; a two di mensional Fourier
Transform Iﬁ_ﬁgﬂr‘ss‘one exanple and omts one tw ddling stage. A Fourier 20
transform on a  3-dinensional array of nunbers is .- structured the
same asba 1D Fow.i-eL A raﬂﬁﬁmi&atpmﬁigggggrln_ compgtisinbe aﬂéﬂmﬁélﬁﬁfﬁnged
in one big vector,.but omits two t W, I ng stages, and so on, that is
M1 tw ddi Qg BPRILE SEatices o and oan \LBBFPYEY rBoah RN o
Fourier 25recEisisigoraignadls fiwm péasd ngobibléess8atdbnsi gmd: decodlindie

FWI' processors 71 af Figur the, conbi ned,transf may e perforned
very e ficﬁmaﬁ}o&_ib%ﬁlrgir?é I arsgle&iaﬁ)s : tﬁ?ﬁ%ﬁ%%?& trta{lnesj?e it al |

128 x N vakcomprdasdagged in a ~ single .vector, . just omtting 6
twiddling stages 30arfQrin@SPOREAAS ! G 1Eai0! dhe EMflaPOdidiine i Ch
are equi val ent to a seven-di nensi onal ‘Fourl er trans?orm avi ng

two data vaigposes axONndi AeANPERTtafEryEtTendox Feceiding signadde of
tw ddl i ng ¢oEHARRSREANEF&nt BRid- PIEAEI OAAl of mobiasCagdeadliohBe drfd with

the FWI portion. 35 An examile will make this clearer: Fast
al shifour geperating GutpyL gigpals from each antenna element; .
PCT/ US97/ 14085 conversion means for amplifying,SGilteringr&ﬁﬂiOKﬁE
may be constructed_nost efficikentl en-the al ' I
conpri ses Soﬁﬁﬁﬁgﬁng’f s%ﬁﬁﬁé% %ﬁﬁ'& e\!?c\éﬂaof said ante_trﬂ'{a el%%e%tag itto
~a corresponding number -of converted signals for . :
processing; '
15 storage means for temporarily storing a number

of samples of said converted signals; and _
processing means for iteratively processing and

reprocessing said stored samples successively to decode
said -information from each of said mobile stations in

20 turn, wherein the processing provided by said processing .
means identifies from said stored samples an information
symbol transmitted by one of said mobile stations thereby
decoding said information-bearing signal subtracts values
dependent on said identified information symbol from said

25 stored samples thereby reducing interference between the
just-decoded signal and the signal to be decoded at a
subsequent iteration.

2. The communications system of claim 1, wherein at

least some of said mobile stations transmit said

30 information using the same radio frequency channel at the
same time. ' '

3. The communications system of claim 1, wherein at
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power of two. Thus, if the nunber of beans N is chosen to - be a power
of two, ¥woresgausanpl e 32, since the FWE portion 5 of size petussvpgsady a
power of two, then the total nunber of data values will be 32 x 128 or
4096, which 1s 2[ err] A 2[err] FFT would normally conprise
with 11 Twi ddl i ng stages between them In the

preﬁm"ﬁ[mr"uﬂﬂmﬁml on however, the required transformis an 8-

di mensional mransforn1of an 8- dlnen3|onal array of values of size
32x2x2x2x2x2x2x2 = 4096 values in total3 Accordingly, the

nunber of tmnddllng stages i iﬁ: reduced by 8-1 = 7, leaving only 4
out of the 1eagk semg of @4&% St Ons, f raiEiHo §9de DIVEEHOD £ our

remaining  multGPllec eeebd Gildieses) ying between the first 5 Butterfly
stages of the 32-point FFT portions. : . Thus it has been shown above

that the cascade of FFT 20 beanf or nmer s 82 in one data pl ane with FW
decoders 71 in 4. aAsenmmwhmknatibmmesyayeheam&mﬁmhngﬁ tsi cladm 1,

. lised | t i f d
Lo del et Zeayaﬁasﬁea?ﬁ%ﬁg TR fisttle Wl ol dddn® SO B 09 amTed
construSted sufficiemeaps ﬂgﬁ|qnmhmmangemmrnespon@bngnbaaslpf saldnay

‘become uni g gs&e&t sAfp168 cBfiverted FEOHP QR 10k ame%aﬂé’i%n&ynﬁ

and sinpler to co everi urther
variation i ot cnﬂn@met Hponalks e&%@@lmrrfrom di pat¥ nsn A% dinegridmor ned by

cust o 21 N9, haeeydl ue phlrcitulalHEHR idk Bl %hobiIY Aafiddy 1qdependently,

is only of— =~ relevance in obtaining accurate signal subtraction.
Accur at e si gnal detectlon_ln t he detection phase can be per formed by
“conmputing only sets offhecarommmigatidads\- System of W12 1053 %herein
PCT/US?Z/14Oa1d successively .decoded signals are selected in \

descending order of received signal strength.

6. The communications system of claim 4, wherein
said méans'for combining computes a weighted sum-of the
combined values using as the weights a set of complex

15 beamforming coefficients.

i 7. The communications system of claim 6, wherein
said beamforming coefficients are adapted at each,-
‘iteration to enhance the signal being decoded at that
iteration. o ' '

20 8. The communications system of c¢laim 1, wherein
said processing means comprises:
beamforming means for combining groups of said
stored samples comprising a signallsample converted by
said conversion means from each antenna at the same
25 iﬂétant in time to produce beam samples for signals
received from a plurality of dlrectlons of arrival at a
corresponding instant in time. ' '

9. The communications system of claim 8, further
comprising: ' '
-
This Sheet Has B

[T Illl

THIS SHEET HAS BEEN
REPLACED




;d' * *

31 n whi ch case a particul ar signal happening to have a

directi on‘WW?/m m dway between two beanms will show up mes?’ﬁ“??fose

two adj acent beams,—appearing as two rays. As |l ong as the channel

trackers 73 supply appropriate 5 coefficients for the two adjacent beans
‘ﬁ‘ . detection will result. - The subtraction phase

m”\m dﬁm bly uses the correct value of THETA to cause the
srgnal fo ‘appear in onIy one of the conpuised beans, from which it is
nul l ed out. The value of THETA required may 10 be determ ned by the
channel tracker from cggg d%adlngclﬁééﬁécfSPt Brbeéskingt ¥Riadpasmnt

beans used for det ect i on. Il other variations conprise,

i nst ead of scAATWRES. recﬁlY?QnéFoFHFESﬁ&?f@nt“ﬁF%So imychimpe (Eremi khet he
channel 15 tdsiskednéooft hsaidlspldeamtyd ofy "@otevbionst afprmmal hgn -

b o ot B aBihY [ A TR, BRLST LhilhmitehErom
It is be;a)nd dﬂe csbosaldfmohiieasphtmanl and (rqnmaﬂa &) saideimpreded
anal ysi s of :Fi:a%p"éé @&nc&ﬁét "'e'{' gf?nnga%g% éion or another, the

sel ection of nds "on of ‘a particul ar
i npl enent ation, .e. nunber of antenna colums, size of Wl sh- Hadamard

codewor ds, si ghal fﬂﬁndwg Meohhigh b SBA8C deid ;&"e&*ﬁs&mﬂ% t

i npl ement ati on tatfons 15 progranman e S|gnal.
processors, RaighiGRMA |deprrending, ‘F@ﬁPFc&PﬂWéﬁsﬁe&quﬁ&g’ra‘i

Crcuits (AShagansd troRPedihi £besbehiwhi £ nanBesVoF- waqrseaas%@c@f@mto

rapid _ advance in silico |nte ration .technol og h
variati éfs FREPPRSRHE n§Fa ’%\?ﬁﬁ g i r%??)l o %‘bbt?j}a]c‘?"!’

denodul at i onadphabgtales umﬂmdatlon aynilsibd . (or code) space and a spati al
di nension (dor - antenna beam space) that may be nade by a person skill&d
inthe art are considered to lie within the scope and 35 spirit of this

i nvention as descdilbed The tdrmmwiicatiinns system of claim 10, wherein

said identified symbol is identified by determining the:
largest of said ‘Walsh spectrum components and thus the
15 corresponding symbol from s_él_id allowed alphabet of

- symbols.

+12. The communications system of claim 11, wherein
- said largest Walsh spectrum component is set to zero after
being determined to be the largest. |

20 13. The communications system of claim 12, wherein
said Walsh spectrum after having said largest component
set to zero is inverse Walsh-Hadamard transformed to
obtain modified beam samples.

14. The communlcatlons system of claim 13, wherein
.25 sa1d modified beam samples are combined using an inverse
'beamforming means to obtain modified stored samples which
replace the original ones of said stored samples prior to
performing a subsequent iteration to decode a symbol from

a different mobile transmitter.
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WD 98/ 10537 T - : )
PCT/ US9O7/ wsdnoess? - ' PCTAIS97/14088 | ai ns.
33 _CLAIMS 1. A conmuni cations system conprising-a plurality of nobile

stmr?—n“mmved base station for receiving signals fromsaid

”I decodi ng information-bearing signals transmtted
t he mn 'HE nFE station conprising:: a) ant enna neans (20-22)
ern

conpfi st ng a Na's Ierrents (22) disposed around a support structure (21)
for receiving signals transmtted fromsafd plurality of nobi I e statlons

and generating output signals (23) fromeach antenna el ement
b) conversi on Adans X RPMMMIGRLichs| FYFEeY coTPrising aflﬂltlgfq]ri’gtl(mo

312, 314), apg cRBKELEI NSt&Bi6nssiamdl 2 r ampeeve dofbaaed @zfaﬁm efrent s
(22) i nto a correspondj unmper of ,conver ed n
processi ng; receiving 519‘2‘? Eaﬁﬁ%y:faé ftt‘rtﬂ?b %’r‘?l 9‘°g’f‘gﬁ r?g:aé:mﬁ)er of
sanpl es of saladhcopieht e:dmlgﬁdl of 3 atssﬁlgareessaaeessstcmﬁes andt ifex and .
ohi d stoped Bemorleal, sabdrrebio (sbBBTY BrloPhRaE oEoC A ARBEECy
sai d nobi I e afl phiaives i roﬂ ursmnlvd!ﬂa elmch@e@roaasssngdprmadmmmsmsi
pr ocessi ng mé%ﬂ\f;f:.%‘igg' fies fromsaid stored |
~antenna means compr1s1ng _ antenna elements
- dlsposed around a support structure for rece:.v:l.ng signals
.10 transmitted from said plurality of mobile stations and
generating output signals from each antenna element;
conversion means for amplifying, filtering and
converting signals from each of said antenna elements into
a corresponding number of converted signals for
15 .process1ng, - ' '
storage means for temporarily storlng a number
of samples of said signals converted from each of said
antenna elements at successive instants in time; and
' two-dimensional numerical transform means for
20 proééééing said stored samples using one of said access
codes assigned to a first one of said mobile stations to/’
produce a two-dimensional array of transformed samples,
said transformed sample_s lying along one dimension of said
two-dimensional array corresponding to different possible
25 directions of arrival .of signals at said base station
transmitted by said first mobile station and transformed
samples 1ying along the other dimension of said two-
dimensional array corresponding' to correlations with
.different ones of said information symbols in an allowed
30 'alphabet of symbols.

16. The communications system of claim 15, wherein
said access code used is chosen to be that assigned to the
mobile station that is received with greatest signal

stfeng'th at said base station.
— |
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et
sarrpl es an |nformat|on synbol transm tted by one of said no LONS
thereby deWORBABS¥5i d i nf or mati on-bearing signal and subtra?kéﬁﬁé%@é%g
aid identified i nformati on synbol from said stored sanples of
aII enna el enent signals thereby reducing interference between the
j “Stﬁﬂ "mm nd the signal to be decoded at a subsequent iteration.
ﬂuurons systemof claiml1l, wherein at |east sone of said
nDblle statichs Sransnit said i nformati ong4isi ng the sanme radi o frequency
channel at the sanme tine. 3. The conmuni cations system of claim
1, wherein at leaSh'zsonehef coRmn TN ffortd adyHremt 6ANETREmCAYE Whd % G

I\/UI tiple Access si co0 ni cations tem accaording to
claim1, wher&rids F8°§i"88e%§ ?ﬁer%%rﬁaﬁﬂf%'&ﬁm S‘L comprises
neans for congegefmindhygeshendaggesesodf ssdidl tstmsaﬁbmd)l samplegerdrell

fromrespecti enna e ecgel v r
particul ar .di ¥5§ b g}tg'ﬁ}}&?%agt |A§G&9Cfo§59§$§§% d%%ob%s?l& %?11%3’,%
| i es. 5. amphabefhefcswmlsamdmlsqa ahixgcttian ol armtisrad o aihe
successi vel y d S d [ Id recei ved
si gnal st renggﬁ§1qgi %hg{lgkﬁ Q&?,ﬁl g%%%#uﬁ%tca%t | ons s%s?%rﬁoo?ﬂ? ald -
wherein said neans for conbining conputes a wei ghted sum of the conbl ned

val ues usi ng as theguei §hes camiRhithtaeiy Byhaanof ne18imoes! i GhileSn
34 ' ~ _The comruni atlons S stem of claim Gﬁy%@o ein said

beanf or ni ng c%%%fll‘é?ﬁﬂ@%n%r id, 2ok ormatdon, fhSREPLLFes
~signal. bei rg genBéRingt sarattrammmed ‘samples that lithadjasant adbingns

t I 1, wher
oo g, ke RSB B3GR TR LR & o 9
si gnal sanpl ecombinihgd dmpffaiqiemm/etel @:radm:es & r combd nledantalve ibzt he
same Instant %‘?recfﬁowt%ﬂd”&ﬁ b%?f@ Sa&ﬂ%&é‘é T QI mSh G S 6fceb¥§ﬁ f‘i:%

plurality of ons_of arrival
: dlmensz.onal array of transformed samples.

_ . -19. The communications system of claim 18 further
15 comprlslng '

’ determ:.nlng the largest of said combined values

‘and thereby identifying said decoded information symbol.

‘ L X4
20. The communications system of claim 17, where:l.n,
the largest of said transformed samples is set to zero

20 after identifying said symbol.

_ 21. The communications system of claim 20, further
comprising:
inverse two-dimensional transform means for
* transforming said transformed eamples having one sample
25 set to zero to obtain modified stored samples stored in
said storage means. ' :

22. The communications system of claim 21, further
'comprising: _ ' .
_ - means for processing said modified stored
30 samples using said two-dimensional t_ransfdrm means with

—_—
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- antenna el

corresponding instant in tinme. 9. The conmmuni cati ons syét em of

cl ai m Swofesnnésaer conprising: - : CDIVA- despr eadPOIyUSS44685f Or
processi ng sai d beam sanpl es received at successive instants in tinme from
th%ﬂl urality of directions of arrival in order to

[ de fied synbol transmtted fromone of said nobile station
and &”’MM’BSH | nproved base station fromsaid direction of arrival.

: e 1co ions systemof claim9, wherein said CDVA despreadi ng
' rreans conpri ses conputing a Wal sh- Hadahrd transformto obtain a number of

Wal sh spectrum corrponentgeeach correspondl ng to one of an allowed al phabet

of i nfor nathén agaAaRs £ode assigned toTR. IYLARM BRI LAsSERLEem @G| ai m

10, wherei phageby deidnt i B iy "Robymbol d&Haridntit tug deyesaial reddma | argest
of said Wl spaﬁpect rum conmponents and thus the corresponding synbol from

"said allo Sh & é‘F"&P "synbol s. 12. The conmuni cations system
of claim11, V\/nerel n sai d | argest ‘Wal sh' spectrum conponent is set to zero

after being det ol & t cations

system of cl aj me% Sr elér%@"s‘%{ll %)é’loqﬁss sﬁ’ec‘%‘?“tlm?%f %falﬂaw Ag s;er% ar gest

~ conpongnt sftero Mnﬂrhmeﬁs@ mbth&GmﬂdQMsbx)rﬁeudt segongi n
‘nmodi fied b | aim 13,
wher ei n Sa&gﬁligﬂg gl relémas%?rf) e% %I?e{ﬁ%%l neg usi n gﬁ%ﬁggggﬁ

beant or m nfongare @aditheh PREKGTEING 18aLd ABWArES WMPcAimepsionaine -

-original oppan8Eosdl dsSperedriedPkesppbliate! EuRehbe mbwfaeauaﬁe%ant
Iteration toT d'ftode a synbol froma nobile transmtter.

comuni cat PBMB*EFst em accor di ng to claiml, wherein said i nproved base
station is adapted for receiving said signals transntted fromsaid nobile

o 00l ngt moangh's AdsoranfunfBsPIShlrs EENTRE ARG K Il 857 SoI
" sequent i al whereini neaid ofiurtihexanmedifiefensamples anewoitewrstivedy!

- spdce/ i MBpRbLayselN Gl n%\faedééamg cgengepand Hocigs! odlld f €6t

3 ments _and ot her_ di mensi 6n cor r espondi n tine of
reception, ideatidy Lﬁ’é%?ﬁﬁﬁ}Yﬂ Yt iyl d transnithe r?ﬁ]oé‘s webideone of

“said aCCGSﬁts@ﬂeﬁsaassggﬁédt gaddf atekssneodkssand gebelkeigeatigpsngand

corrpri§es each symbo]: to further modify said stored samples by .
setting to zero a transformed component and performing an
inverse transform. '

L X

.
25. The communications system of claim 24, wherein
said successively selected access codes are assigned to
20 mobile stations received at said base station in .
successively descending signal strength oxrder.

26. A communications system comprising a plurality
of mobile stations and an improved base station for
receiving signals transmitted from said mobile stations -

25 each with the aid of an assigned access code and for
dec'c;ding information symbols belonging to an allowed
alphabet of symbols encoded in said transmissions,
COntISrising:

| - antenna means comprising antenna elements

30 dispos_ed around a support structure for receiving signals

' transmitted from said plurality of mobile stations and
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35 wo- di e | rical transform neans Tg‘ﬁ?é for
procesmWQW”unscn m& npl es to produce a t W& A483 4
space/ code array of t he space di nension of said

t wo- di nensi onal spacefcode array correspondlng to different possible
directions of arrival of signals at said base station transmtted by said
first nobile station and the code di nension of said two-di nensional array
corresponding to the information synbol g§gi N an allowed al phabet of symbols,
wherein the transforrred sanples for a fixed arrival direction value of the

space di rrenﬁgq,ghe +: tcﬁgﬁréﬂ:scé’iér%fé'PP&nV\éé@htgﬁtghﬁéeéfEﬁxethOrmat i on

synbols alo I on he communi cations system
of claim1, wherein sHPVRTLEN (Merngsfari IpRéLyAng, B iteRing seBfed to

the nobile %toiwe%ltﬁ@ts@m@w&de%hhogrQai@s&nsemlemrﬁeﬂeéhlﬁtosal d
base statio muni %lons S egf of cla

char act er i zé‘d b?°€€8§8?ﬁ81ﬁ‘8ansmﬁ €Hecdti ng 81“ Ff sﬁ?‘ﬁnPﬂ]Forng‘P:Fon

synmbol ss coppidcesegimg det er mi ni ng nmeans for det.ermning the |argest of

said transfornmed sanpl y S l. . bel ongi to said
al  oned al phabet of sf%&laa%da “Ee%rfés)ofélg %@B%glr%%lo §gkg|9\:/"éﬁ% 0 _’gﬁ@g%?gnal y
wher ei n sai ofi rdampikes oof's paiid amgn@l]sodeuverted fromg. eachhef said

conmmuni cat i t y g@é}, C@.ﬂh nmeans for éai d
decodi ng of 8%%6536% ;%gegﬂe fsgr rrat]%ocn S r?fé)?% eiﬂ érs]/s#ﬁ a conbl nin rreans
“for conbining said tr&ve-é W%ﬁ?ﬁﬂ]esnklﬁﬁ%ﬂf:ﬁé é'di ]| BRgRsh
directygn- of r%é's‘%&'ng?'éﬁ@@@oﬁéﬂnga& p3ek Qfsﬁ@”ft&rﬂé ngf cgahild %ﬁéésto
produce a conmhi ned v c{or eac osition tnsal E1§:§dl nens,i on ofosal d

two di nensi Sﬁgﬁsaﬁs%}%’fe SRPI ] _
gomrrum cati pﬂﬁd&t&t em Wo?dﬂhﬁh&ﬂonamabgﬁ'fagf ld:?dtbanagdeﬁeamgangté&aps‘ for
etermning t t _of .sai ned 21. val ues t her eby identjfy¥ng
sai d decodeﬁaﬁ'ﬁf EFﬁgﬁ%ﬁ"‘S?nﬁﬂg‘Pi 1¥Eng ong Qi a%ﬁ?ﬁffﬁ cb#n t em of
claimi17, wheoedimeheiomadesarraly samelsmm@lmgm@ &ﬁﬁb@gnts p@asztbd.ezer o
aft er agentau Bg 1 3@k éﬁ'naehval of . silmalslNr CRUIUNIEAL] igem of

claim furt er conp rse tvvo di mensmn% transtorm

neans (71) tzsanﬁmaﬁ§ﬁér anfas‘fﬂ cﬁ%#%s’?@b*&% stapier ARdi ryameformas e set

E(;O)zer 0 to gbhghBsOpy{ihgd allcRidthamMmbEse st FitiknsickAi EStLge tRANS

‘dimensional array corresponding to correlating samples
with different ones of said information symbols in an
20 allowed-alphabet of symbols using a prescribed time-shift
. between the samples correlated and said information
symbols; and

means for repeating said two-dimensional
transform for a plurality of said time-shifts
25 corresponding to delayed reception of signals from said
first mobile station corresponding to delayed echoes of
said signals caused by signals reflection from objects in

the propagation path.

27. The communications system of claim 26, further

30 comprising: | |
means to predict the dlrectlon of arrival and
corresponding time-of-arxival of each of said echoes of
significant strength and to adapt t_heteto said possible
different directions of arrival assumed by said two-
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22.  The connunlcat claim 21, characterized by means (71)

f or “ pr oowedgaesszai d mzwﬂi@ npl es usi ng sai d tweerwsensossal
transformneans with t SS|gned to a second nobile station
and t hereby |dent|fy|ng a synbol transnitted by said second nobile station.
23. The conmuni cations system of claim22, wherein after identifying the
synbol transmtted by said second nobile station, a correspondi ng transform
conponent is set to zero .

36 and then performng said i nverse t4@- di mensional transformis _
performed to produce further nodified stored sanpl es. 24. The
comuni cat | dhwengipaalatupedinglt srepsformsmeans: and said preseavibesdified

sanpl es ar epifel ghii ¥eky uBedC 3ot @ WL essi vel y sel ected access codes
‘to identify successively synbols transmtted from nobile stations assigned

sai d access codes and after identifying each synbol to further nodify said:

stored sanpl es bygset rheg commigrieat ilcry Syvas epnepapat 2and fpgthenni ng an
i nverse transform -25. The conmmuni cati ons systen1of cl ai m 24,

wherein sai 8 @EE&§§§EVer sel ected access codes are assigned to mobile
stations received at semnbdibing stesnsnfon szmutamngalusﬂngcendseg sxfgnal

sLrength ofdehppeing  BoersAdUNRIN Ca 003, BUSEN ACCYU ghigola el ai m

15, characteri nen5|ona numeri cal neans
(71) perfor mrsasnmpdwgs dinsatd spredictedd ddaestdongsiang at pnesc plfbed

tinme-shift at_e%ak;ot ORRRGY B BN ok 7&&«&% &WXIQSQ EBEgQ%Wﬁﬁﬂn

sanpl es corr and said Informatio S; said nsi on
repeating sBPdcewbelations Witk QﬁQQHﬁKﬁbﬁ c#na$$#®r%}l?ve€faéﬁhébet
time- sﬁmftsogogyﬁgapgdlng to del ayed reception of signals fromsaid first
nobi | e station corresponding to del ayed echoes of said signals caused by
signals reflection fromobjects in the propagation path. - 27. The
communi cati ons sg8t enThé cbamummicatdoasacystenedbyclaeiamns2g /3whegefphedi ct

'te'éﬁog'srﬁ?t FhRieT %éﬂﬂaf%ren‘*e%@” N T, Mt B, TREbERE BeoBREaR forent
direction ois adepteammgéum bhexaby mentlfles a symbol transmitted
' by said first statlon

15 "30. The communlcatlons system of claim 29, further
comprlslng

* means for setting two zero two- dlmen51onally
transformed components corresponding to said identified)’
symbol and corresponding to said predicted directions and-

20 times of arrival and inverse transforming said transformed
components after setting-said'symbcl, time and direction-
corresponding component to zero to obtain modified stored

sample values.

31. The communications system of claim 30, further

25 comprising: '
B " means for iteratively reprocessing said modified
stored samples using successively selected access codes to
" identify in turn a symbol transmitted by the mobile
. staﬁioh assigned the selected access code and after each
30 iteration generating further modified stored samples for
processing in the next iteration. '
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di mensi onal nunerical rrm nmeans and said prescribed tine-shifts used:
for corr SVEHSBBNR37 ”'mglm I’ ﬂg"runi cations system ofCUUSIHI49%
F4)8ki or conbi ning using a set of

characteri zed by conbi m ng
wei ghting coefficients transforned conponents corresponding to said

predicted directions and tines of arrival to obtain a set of conbined
val ues corresponding to correlation with each synbol in said all owed

al phabet of synbol s. 29. The ¢ ni cations system of claim 28,
characterized by one of said conmbi ned val'ues that has the | argest magnitude

i s determined and,ther ' if:i.e% r%;g ' sgj jsrst -
station.. gé §$§GE§§%%ic%§t1?>g%g ysr‘t.emaé(;fngéalf% gé' %%rzfzfc rgri zed
by nmeans (74paidr arqedmgcedeserye weedeatadi diml Apsceadingr nerdesmednent s
corr espondi ngeb@s 980 LAGHALT I Adrangiiel ANd R 1 eERoAGERA NG ambringll ot ed
directions and times of arrij vagl and i nverse transform ng said transforned
conponent s aftakigst tPnWhighdthgBEFese; FRIgNdSIPARS » corresponding
conponent to zero to obtain nodified stored sanple val ues. 31.

The conmuni cati ons_system oﬂaglngi m 30, characteriz

fd E% maang %74)- for - -
iterati Vely reprogdssifigheh OF r FeaeiYiRa S tanpf &t herRpitfede Larte v
Selbef:t ed aCC@slsmﬁdmthofdwb_ liig égatﬂonsa mgaod:oman:whtﬁ.eﬁ Bystlem
nobil e station assigned the,sel. ' ode . '
37 and aft e?%’éﬁsgf‘%r a%arn"odn §‘ %gr:%t i %§g§§§P er R ¢iF? e dTBESES sgﬁﬁlees f or
processi ng istabktongxeachewithobhe aid of 8R.assitmedoanoessatibdesaggst em
of claim 3%, =cha 1 Zed | i aSal Q:ﬂ%g elgc |
descendi ng or der ‘%?Braéiééi gggaﬁgﬁgf’ﬁst en t%s.a‘é:]’[ i crg ?‘e@p%ﬁ@%%%%& | e
statiorl@o wulphabet aefessYrbRds| seneadgsed.in said 3gransmigsin®s.for

recei ving sigopbsisiRgsthéts€epsosra plurality of nobile stations, in a
communi cati on system conpr| Si n%sai d nobil e stations and afgnyﬂi nproved Base

station, each signal rESEFVEHS t F1HR24Pd o‘Fr%n?'B’sB'éﬁai vef§oussi §Rdd
access code pldrabitysafl amobdde csdattiens foratdeamtiemna nieass | @Atkynbol s *

bel ongi ng 10, 80 8l oupdnahPhoRELp8LedY IRAALICHEDIN A ALeane ha O

15 generating output signals from each antenna element; :

amplifying, filtering and converting signals

from each of said antenna elements into a corresponding
number of converted signals for procéssing;

s temporarily storing a number of samples of said

20 signals converted from each of said antenna elements at-

successive instants in time;

' processing said stored samples using one of said

access codes assigne_d to a first one of said mobile

. stations to produce a two-dimensional array of transformed

25 samples, said transformed samples 1lying along one

dimension of said two-dimensional' array corresponding to

different possible directions of arrival of signals at -

said base station transmitted by said first mobile station

and transformed samples lying along the other dimension of

30 said two-dimensional array corresponding to correlating

samples with different ones of said information symbols in

an allowed alp_habet of 'symbols using é- prescribed time-

shift between the samples correlated and said information

symbols; and
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a) ~ receiving signals transmtted fromsaid plurality of nobile stat'ions

at ant sans (20 ' el enents (22) dis d a . _
sUpportems]?srlucture (ZHm"mellgmﬁ”m out put signals (ZW@&gh ant enna
el ement (22); oo ¢ L s amplifying (311, 315), filtering (310,
312, 314) and converting (316) signals fromeach of said antenna el enents
(22) into a correspondi ng nunber of converted signals (36) for processing;
c) tenporarily storing a nunber of sanples (36) of said signals converted
fromeach of said antenna el enents (282 at successive instants in tinme (tl
t128) ;- : d) processing neans (70, 71) for iteratively
processi ng and repr cepesiting satidt bweddimenstonalicceaasfelki tfordegcode said

i nf or mat i che of, | | L€ tions i 1, erejn the

pr ocessi ng&bl%g%gﬁ (gf/ s?aaﬁ'g- g?%ggééiﬁﬁg{:%eacﬁgﬁefg)ﬁ%ﬁ*rgm??oﬁegzﬂyf%t ored
sanpl es amerspbsiem i 0 sghgvhler afizont tsaidy Dimstf makid erolsitdat issmt | ons
thereby desedbBpotaitig o0 WEAyN RRAdM oF Widla 3dmsy | | yes =
dependent ¢n silﬁd i (':Jij_r% i fied informt |d(§riy]§?nb@é§df ?g%lns%g"%_ sq%sr%edé%ganpl es of

al | aft enfiagBpdFereidegtdon o piechic iy tha areRagal e tatdn. t he '
just-decoded signal and the signal to be decoded at a subsequent iteration.
-34. A nmet hod_according to,cl.ai m33, wherein said. nproved base station is
adapt ed for reagi‘vi'ﬁg%a %99&161%. 918G « ted Fleisadd  noburEhexati ons
each wi t hcoinprasdngf the atsepgefd access code (14), further conprising the-

.steps of arranging .sal.d_sanpl es rgcei ved sequentially in tinmg from .
sai d ant enﬁa-el-erren%%él)‘.lrzizg;gﬁo- d nsi‘ﬁfzﬂc%&e/ ??rr’e AFTLXAL on@8d nensi on
t her eof ceprreppABAlngt & imee-of fémrioral anf eeachelofnesatisi aechbés offher

di Meng! ONs £Gh1 £3RAH! BE g Tl EECARaRRN cHIISHARLIR0p6EL ph e Stor ed.

nuneri cal sangl es_using ong of said acces$ codes assigned t Fst one of
sai d- nobi f&f% E?Pan‘,hTafPEFb‘P%%es%ﬂ n@TEriVRls apasumedr | edist okwd-saml es

to producdifeh¥PofihlEnamnepibasPReansedemimbansOhnl’ 88580ppBdcsa8RLeS. the
space di nensi onlaogtsal d %V\%-dl nmensi &nal, space/ code array corresponding to
~di fferent-pB3sPBI L8 PREL SRY GPTEPLAFAPTof signals at said base station
transmitted by said first nobile station and the code di nension of said

t wo- di mensi onajgar e C ndj .the pnfo {L.on,synbgl s_in_an

al | oned al phabg?: ofﬂ}s{enboéégﬁgﬁheréglgﬁggﬁ{el tr{éﬁsf%rfgrrsé sifpl eguﬁ')*‘eﬁ

38 15 comprising the step of:

‘combining using a set of weighting coefficients
trahs’fgmed components cofresponding to said predicted
directions and times of arrival to obtain a set of
combined values corresponding to correlation with each &

20 symbol in said allowed alphabet of symbols. |

36. The method according to claim 35, wherein one of
said combined values that has the largest magnitude is
determined and thereby identifies a symbol transmitted by  ,
said first station.

25 .. 37. The method according to claim 36, further
' comi:frising the step of: | '

setting two zero two-dimensionally transformed

components corresponding to said identified symbol and

corresponding to said predicted directions and times of

30 arrival and inverse transforining said transformed

' . components after setting said symbol, time and direction-
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fixed arrival direction value of—the-space di nension indicate. the

correl at'YSPHIORBT 1  heyppi i nf or mat i on..synbal s al ongPEHUSEI488S

di nensi on. 3%"""”“”7% ording to claim34, characterized in
that said processing (71§ 1 s d by using a prescribed tinme-shift
bet ween. t he sanpl es correl ated and said information synbols; and repeating
said two-di nensional transformfor a plurality of said tinme-shifts
correspondi ng to del ayed reception. of si3gnal s fromsaid first nobile

station corresponding to del ayed echoedf said si gnal s caused by signals

reflection j Sy | rhggj pagat i t . . 36, The t hod
. according t%{%%%@%&? u?? r %%?rpglgs%ég{;hggs etf)%l%fmogl}ga?gt Fﬁ@rfgg) t he
di recti on cfampke Walugrl- corresponding time-of-arrival of each of said
echoes of significant strength and to adapt thereto said possible different .
directions of arrival assumed by said two-dinmensional nunerical transform
‘means and sai d préscrid nethedhiaeeoxdbagf okocortaimt i 3%, further3y.
The et hod il ity tthe | Aldp I : further conprising the steps of: - :
conmbi ning (74) using a set. of weighting coefficients transformed conponents
corresfondi ng to sai d-YFRRCIEY dFFREPESAS1RG] $3 s Medifiad aptoBedbtain a
set doflfon@aﬁgi_wLuﬁ.r?)rrWMIp Cé%%ﬁit?édﬁ%d&%ﬁsga@&éé’gb% itn |
sai d al | owed _al phabet of_s ol s. : .38, . od. according to
clai m 37, ®RERY Yonénoftg%?d T oryRet v&lrt?é’ss“llﬁgte%nggyt hehearpeltle :
magni t ude statidper Fssdgmedl thersdjectedt abcessacodebaind raftses tégsh by said
first stattmo.rcs . iRg to_claim38 further
conpri si ngggggagtlgﬁs ot atln_@efﬁ@é}qgg %é@??%ﬁat 8%? Fga iHens?onal |y
t r ans8r reprecessAaG: $1cdheefeRtdiikenarind i dentified symbol and -
corresponding to said predicted directions and tines of arrival and inverse

transformng said trapsforned conponents after_setting said synbol, tivre
and direction- cdPrespdfdi m;’&%ﬁr?ﬁ—ﬁﬁd’f%z@?oclélﬁb?&ionwmeflilécﬁ@td)red

sanmpl e val Heﬁess coclesf affe selketed Hed Wi@% lorderaion %%cé‘i"lféd‘gr
conprising_the_steps of: itergtive reprocessing sail

nodi fi ed s?b?ﬁaiszf[r)ﬁﬁe&g%i it 55&e§§¥§§?9°§8?@8t@é’ s8tagger o
identity iwhichntheswobekst cadeniiist addigrdte nobil e station assigned the
sel ected access code and after each iteration generating further nodified
stored sanples for processing in the next iteration. 41. The
met hod according to claim40, wherein said access codes are selected in
descendi ng order of received signal strength of the corresponding nobile
station to mhhch t he access code is assigned.
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