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1 "A nultiplwosseses digital transm ssion systemand a radi o peraBasioaiison
andl a recei.ver for use in such a systenf The present invention relates to a
mul tiple access digital transm ssion systen)conprising at |east one
transmtter for transmtting at | east one nodul ated datastream and at

| east one maCgiltile htesy Iagﬁgy&mnﬁssscﬁﬁg}%f&ﬁ bfid!a TadiBBase Vtion and AbiehRet fbrGse

nmodul at'ed datastreanms, v transm ssi‘on channel, the receiver conprising
recei vi ng neawch haystem"” 5 resol ving neans for resolving at |east one path
for at |least one nultipath received nodul ated datastream and having
channel estinmation neans, which are coupled to the resolving neans, for
lestimating channel path delays in the received nodul ated datastreans. Such
‘a transm ssion systemcan be.a nobile radio multiple access system based
upon -di rect - sequence spread spectrum techni ques or the like, or other

fransmssion Systems usifig plefin Hvehbon rAERE 161H Guligtl acbiss Mifital kGO

further relates to a radio e statron a to a reteiver use 1 n such a

syst em 15system comprising at leasGpne trdnsmitter foamtransgitting ahleast\end modulated giatastream,
| ong and have been descri.bed.in nunerous articles and handbooks, ,such,as in
a basi o ar A1 AL IESANE BFHYET,for Jeceiving & irantitad §2nal. vhish conpriseH the modulaed
SPect r um s yaiaGidams) vie A TRAREARSIOR 'thdrffell Nhe teceivir cwptrisﬁ@tﬂ%c&bﬁg%éﬁ's hating
Price et al., Proc. of the IRE Vol. 46, March 1958, pp. 555-570, _a tutorial
arti cl e 3 Thesolving Mmegps faxrewlwing rat isagioonepatk et atrleast one multipath ireceived modulated

2 K001 st sl gyl S Wi M e B Bt Mo
1989, Chapfer éstifatifg cBanriel paihadeidys il the received modulated datastreams. Such a '
transmission system can be a mobile radio multiple access system based upon direct-sequence
spread spectrum techniques or the like, or other transmission systems using similar
10 techniques. - |
' The present invention further relates to a radio base station and to a
- receiver for use in such a system.

15 Spread spectrum systems are well-known since long and have been
described in numerous articles and handbooks, such as in a basic article describing a system
_implementing a direct-sequence spread spectrum sysiem, "A Communication Technique for
Multipath Channels", R. Price et al., Proc. of the IRE Vol. 46, March 1958, pp. §55-570, a
~ tutorial article "'Theory of Spread-Spectrum Communications - A Tutorial”, R. L. Pickholtz
20 et al, IEEE Tr. on Coinm., Vol. COM-30, No. 5, May 1982, pp. 855-884, and a handbook
"Digital Communications", J. Proakis, McGraw-Hill, 1989, Chapters 7 and 8. In Chapter 7,
Pp. 702-799 of said handbook digital signalling over fading m'ultipz'nh channels is described
as is the case in a mobile radio system, in Chapter 7, pp. 719-739 a so-called RAKE receiver
is described implementing diversity for multipath spread spectrum receivers, and in Chapter
25 8 spread-spectrum receivers, especially pp. 802-804, describing direct-sequence spread |
spectrum, pp. 831-836 describing PN sequences for DS SS, pp. 862-864, describing a sync
acquisition phase for DS SS, and pp. 868-872, describing sync tracking for DS SS. In this
respect it is to be noticed that synchronisation of a DS SS receiver to a DS SS transmitter has
to be very accurate, i.e. within a fraction of a so-called chip in the tracking phase. In N



pp. 702-799 of safdhandbook digital signalling over fading nultipath
channel s is described as is:the case in a nobile radi o sys L0, Chapt er

7, pp. WIOS24M6, so-cal | ed RAKE receiver is described i nécéﬁg%‘ﬂoﬂbs ‘
‘diversity for nultipath spread spectrumreceivers, and in Chapter 25 8
spread- spectrumreceivers, especially p’%) 802- 804, descri bing _
direct-sequence spread spectrum,. pp. 831-836 describing PN sequences for DS
SS,” pp Prasticalgwatemse theracapisifion angdracking phases may mohbe quite disingashabley . pp.

868- 872, describing NREI! r ' L 8¢ ' - be _
noticed that synchrcﬁ?@gﬁkc}?o &gt B% g@?@?&i%?ﬁﬁig{@%hﬂ%sm er has
- to be Spestrnmg)cReceiver i$ keownvwtithi separate mtégratad signal estintadr-andi-démagaulatort he
trackin hase. Ln W) 9 8 - .,
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(Direct Sequence- Spread SpectrU Receiver is known wth separate _
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Thi s afipmediate faedback she ehapnel estimatesare suh-pptimal. (Eurthermare, the-USH2atentNo..
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No. 10loops @fOnotJarticularty sultabtecforaligital redeivepmt h si gnal path resol ving, and (

the shown anal og CO%Té%itiple access digitai_transmission system of the above kind is known
from the European Patent No. 0 361 299. In said patent a multiple access direct-sequence |
spread spectrum system or CDMA (Code Division Multiple Access) mobile radio system is-
15 disclosed. In such a mobile radio system the transmission channel between mobile radio
~ station and a base station, having a multipath behaviour, is apt to give fadings due to the fact .
that such a muitipath behaviour is time variant. I.e., signals arﬁving at the base station via
various paths of different phase shifts and different 1en§th and thus giving rise to different
path delays may cancel each other almost combletely. In order to counter such situations, the
20 system disclosed in said patent applies wide band signals and channel estimation for
estimating channel path delays of a number of strong paths or rays per user. More generally,
- in a multipath broad band channel systems in some form frequency séie‘ctivé fading occurs.
In a small band system such frequency selective fading would present itself as so-called flat.
fading as a result of which total signal suppression could occur, a so-called deep fading.
25 Such a deep fading could, to some extent, be counter-acted by applying coding and
 interleaving, but, better, by increasing the signal _ban'dwidth whereby such flat fadingis
perceived as frequency selective fading. Then, paths in the multipath channel can be resolved
by path delay estimation. The estimated path delays are applied to a so-called L-tap RAKE
demodulator as disclosed in figure 8, blocks 15 and 19 of said patent. The channel estimation
30 of the path delays is carried out in blocks 15, 17 and 18 of said figure 8. In said patent, for
finding L paths, N parallel correlators are applied, and N time shifted versions or replica of
the.same gé.nerated pseudo-noise reference sequence used for despreading, L and N_being
integers. In case N has a very large value, the correlator bank behaves like a so-called
matched filter. In said patent, the tasks of demodulation, path:. delay estimation, and

l
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| oops are not particularly suitable for digital receivers. A nultiple
access di giweloskamesni ssi on system of the abeve kind is knowRCTHARAHOPHS
European Patent No. 0 361 299. In said patent a nultiple access

di rect - sequence spread spectium system or §DVA (Code Division Miltiple
Access) mobile radio systemis 15 disclosed. In such a nobile radio system
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and 18 of said figure 8. In said patent, for finding L paths, N parallel
correl at orBVelt @ahgfﬂfi@&,faﬁﬁmt@%té"ﬁm equa! pawes, 3he sigpal, fzomthe ngar ysee will e
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el n | nt Ganre 4P HRALEEEXYRNG SR PRGSO ftier RaRUARF I ok uid s
behavedS | iRightform sabévede a problem that DS CDMA cannot be used, at least not without very

sophisticated power control.

It is an object of the present invention to provide é multiple access digital
- 20 access system of the above kind which takes into account both inter-path and inter-user
interference. |
* To this end the multiple access digital transmission system according to
the present invention is characterized in that the receiving means comprises generating means
for generating an interference reduced signal frorﬁ the received signal, the interference
25 reduced signal being fed to the channel estimation means. Using the interference reduced
signal allows to estimate the channel parameters more accurately. The present invention is
based upon the insight that a delay in channel estimation is allowable if the channel
parameters vary slowly with respect to the bit period. Such a delay can easily be
implemented in a digital system. Inter-user interference is taken into account due to the fact
30 that the interference reduced signal virtually only contains components due to rays (and
users, which, in a given case correspond to a datastream) that not have been taken into
account. Since the interference in the interference reduced signal due to resolved rays is
drastically reduced, not yet resolved weak or new rays can easily be detected. As compared
with the prior art in which on {he average strongest rays can be detected only, the present



matched filter. In said patent, the tasks of denodul ation, path del ay
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achieved.

In an embodiment of the present invention an amplitude and a phase per.
resolved path is estimated, the estimated amplitudes and phases being fed to the received
15 signal estimation means. It is achieved that resolved paths can be updated dynamxcally,
current strongest paths being demodulated, and weaker resolved paths being deleted. Due to
the achievéd interference reduction, the amplitudes and phases can be determined very a
. accurately. | '
In an embodiment of the present. invent'ioh the amplitude and the phase is
20 recursively estimated. This implies a simple method giving an accurate estimation, and thus a
good estimation of the received signal. Also, a good . amphtude and phase esnmauon can be
used with demodulauon, thus improving the same. _
In an embodiment of the present invention at least two receiving méans
are cascaded, an input of 2 succwdmg receiving means being coupled to an mterference
25 reduced S1gna1 output of a preceding receiving means, so as to successively detect stronger
and weaker received modulated datastreams. Thus, also weak users can be detected with less
demand on power control. This is based on the insight that weak users do not appear in the h
charnel model of the preceding receiving means and do hardly contribute to inte;ferencé', but
on the other hand come to the fore in the succeeding receiving means because in the
30 interference reduced signal of the preceding receiving means the strong users are eliminated
only. This also implies th'éi weak users which cannot be detected by prior-art systems can be
détected in the system according to the present invention, thus leading to an increased system
capagcity. - ' ' ' _
In an embodiment of the present invention at transmission side, after



20 access system of the above Ki nd \/'\/ril'Ch takes i nto account both
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reduced mterferencg the total correlation Length can be reduced. This
reference to the accompanying drawings, wherein

Fig. 1 schematically shows a CDMA mobile radio system accordmg to the
present invention, _ _
| ' Fig. 2 shows an L-tap RAKE demodulator, _

15 , Fig. 3 shows a RAKE-finger for a RAKE demodulator,
Fig. 4 shows a searcher for estimating path delays,
Fig. 5 shows a first embodiment of a CDMA receiver according to the
present invention, _
| Fig. 6 shows an adaptive linear combiner according to the pi'eSent
20 invention for use in a CDMA receiver, | o
| Fig. 7 shows a state-space multi-user detector as an alternative for the
bank of RAKE demodulators, |
Fig. 8 .shéws a transmitter for use with a second embodiment of a CDMA
receiver according to the present invention,
25 Fig. 9 shows a second embodiment of a CDMA receiver according to the
present invention, and _
Fig'. 10 shows a third embodiment of a CDMA receiver according to the
present invention. - _
“Throughout the figures the same reference numerals are used for the same

30 features. Throughout the description complex variables are given bold-faced.

 Fig. 1 scherhatically shows a cellular COMA (Code Division Multiple

Access) mobile radio system 1 according to the present invention, comprising a number of



i mplies that channel delays can be tracked nore. closely. Wen applied in a
base station of .a 5 nobile radio station, it inplies inproved access -
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faster 'and nore accurate. In an enbodi nent of the present invention, the
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mode according to the present invention will be described. A CDMA radio system is a
multiple access system operating according to spread 'spec_:'truin techniques, i.e. after coding

15 and/or interleaving of datastreams, as the case may 'Be;' these datastreams are frequency |
spread before transmission. At a reception side a received signal is' despread, and de-
interleaved and/or decoded, as the case may be. The datastreams may originate from a single
user such as a mobile radio user, or may be combined datastreams originating from several
users. In the given example, DS SS (direct sequence spread spectrum) is applied, whereby a

20 pseudo-random noise sequence is applied to a datastream, eg in case of 'a.BPSK (binary
phasé shift keyiﬁg) modulated binary datastream, the BPSK modulated datastream and the
pseudo-noise sequence ar_e.appliéd to a modulo-two adder, at an output of which a spread
datastream occurs. DeSpfading at receiver side is then achieved by applying the samé
pseudo noise sequence, which must thus be known in the receiver, to the received signal.

25 The present invention is not limited to BPSK, but other modulation method may be used. For

~ a more detailed description of DS SS, referred is to chapter 8 of said hahdbook of Proakis.
Such a CDMA mobile radio system operates in a multipath environment, i.e. radio signals _
from a mobile radio station to a radio base station, or vice vérsa, arrive at the radio base
station via a multitude of pathis, indicated in Fig. 1 with paths or rays pl and p2.

30 Furthermore, the radio channel is time-variant. This may result in fadings at the receiver
side, due to different phaée shifts and path delays of multipath rays and addition thereof at

_ rec#iver side. According td the present inventions the negative effects of both inter-path and
* inter-user interference to the detection of a transmitted datastream are at least mitig_ated. In
Fig. | the mobile radio station MS6 is shown in more detail as far as the transmitting side is

t F8n FRMAdrequency divisiaremuliipleadcsss) tansmissioprinthedownlinksame. | n-



demand on power control. This is based on the insight that weak users do
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signal of the preceding receiving neans the strong users are elimnated
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10 together can be used. With a coded bit rate of 24 kbit/s (e.g. speech) this corresponds to a
chip rate of 1.008 Mchips/s. Output signals of the balanced modulators 5 and 8, which are
also coupled to respective 90° shifted cos and sine outputs of a carrier oscillator 9, are added

with an adder 10 and pulse-shaped with a filter 11 before transmission to the base station
BS2 via an antenna 12. | ' | |

15 ~ Fig. 2 shows an L-tap RAKE demodulator 20 for a receiver in a mobile
station or a radio base station as shown in Fig. 1, for demodulating a received multipath
spread-spectrum signal representing a transmitted datastream, e.g. originating from a single
user. The RAKE demodulator 20 comprises L so-called RAKE-fingers 21 and 22, L being an

integer, for demodulating a spread-spectrum signal received from a particular mobile radio

20 station, e.g. MS6, via L different paths. Each RAKE-finger provides a preliminary decision
variable of a single path. Output signals of the RAKE-fingers 21, 22 are added with an adder
22A so as to form a combined decision variable, which is supplied to a decoder (not shown)
for decoding and/or de-interleaving as the case may be. A received quadrature modulated
signal r(t) is fed to a known receiver front-end 23 in which it is sampled inter alia with a

25 sample clock having e.g. twice the chip rate so as to form a complex signal y comprising all
direct and multipath signals of all received mobiles. The signal y forms an input signal for
all RAKE-fingers in the RAKE demodulator 20, for a single mobile. In case the
demodulation is carried out in a radio base station, it comprises N parallel RAKE
demodulators for demodulating N channels, N being an integer. Each RAKE-finger has an

30 inpht for a pseudo-noise signal PN and an input for a delay adjustment signal D,, -..., D,

| respectively. A vector D = (D, ..., D) denotes a set of L tap delays. For a mdre detailed
description of a RAKE demodulator referred is also to said article of Price. Further shown in
Fig. 2 are a channel 24 for the mobile radio station MS6, a received signal of which adds
with signals received from other mobiles, e.g. MS4 and MSS5, indicated with an addition



present invention, Fig. 2 shows an L-tap RAKE denodul ator, 15 -
Fig. 3 shows a RAKE-fl nger for a RAKE denodul ator, Fig. 4 516D archer,
for estlﬁﬁﬁsﬁdwﬁath del ays, Fig. 5 shows a first embodi meft 14 '
recei ver according to the present inventjon, Fig. 6 shows an adaptive
|'i near conbi ner according to the present8 20 invention for use in a CDVA
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25 ws  a second enbodi nent of a CDMA receiver
according to the pre?@t3 shomsna RAKE-fingefsiegg. the fingen21afor the RAKE 0di nent of
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schemat. cal | y shows a cellu] ar COVA (Code Division Ml t| pl e Access) nobi | e

radi o st;@ﬂ@w o %samﬂmg anyine phas campoment of arHransmittedovighal and fordespragdingor
a quadrature component of the transmitted signal. The delay buffer 31 delays the path signal

comprised in the signal y such that the total delay is constant for all fingers, i.e. with 7, i =
1, ..., L being the path delays of the L strongest paths, 7; + D; is constant for '_all‘ i. The
10 delays D; are referred to as tap delays of the RAKE dex‘r.lqdulat'dr' 20. The in-phase branch
comprises a delay unit 32, which delays over half the chip period T., a:nd. a cross correlator
formed by a multiplier 33 and an integrate and dump unit 34. The deléy unit 32 is added for
offset QPSK. With offset QPSK, the transmitter is less demanding. The complex path signal
is cross correlated with an in-phése pseudo-noise sequence PN,, and a quadraiure pseudo-
15 noise sequence PNy, which may 'oﬁginété from the same gen'erétor (not shown), whereby the
sequences have different initial states, or may originate from different generators (not
-~ shown). The quadrature branch comprises a multiplier 36 for multiplying the complex path
-signal by -, j = \/ -1, followed by a cross correlator formed by a multiplier 37 and an
integrate and dump unit-38. -Ouiputs of the dump units 34 and 38 .'are added with an adder 39
20 of which an output is fed io:a_ multiplier 40. A signal A," is suppiied to an input of the
muliiplier 40, the signal A," being a conjugate of a-comblex'amplitude estimate A, of the
current path, as estiméted according to the present invention. The multiplier 40 i_S followed
by a real-part-forming unit 41 which provides the preliminary decision variable. By
supplying estimates of complgx amplitudes of the time-varying impulse response to the
25 RAKE demodulator 20, coherent detection is achieved. Supplying accurately estimated
complex amplitudes to the RAKE-demodulator as according to the present mvennon,
achieves an improved performance of the RAKE demodulator 20.
Fig. 4 shows a searcher for estlmatmg path delays which determines the
_ path delays and herewith the delays D from a short term delay-power spectrum of the |
30 channel. For N chahnels to be searched, a bank of N parallel searchers of this kind is-
- 'provided. The searchers contmuously scan the range of possible delays and decide on the -
presence of a ray. The searchers are correlators that use the spmdmg sequences together
" -with previous bit decisions in order to provide a correlation gain which is sufﬁclently large

for detection. According to the present invention, the searchers are provided with an error
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6 base stat s Roxk and BS2 covering respectiive radi o zones ZCTaBes@i11s Each
radio zone services a nunber of nobile radio stations M5 1, M52 and MS3,
and M54, Ms5, and Ms6, respectively. The radi o base stations BS 1 and BS2
are coupled to a nobile switching centre MSC via landlines 11 and 12. The

~mobil e sw %%aa[;ﬂeﬁﬁ% Iflge dg?feféﬂwb@t%&ﬁ e gl drfel drcbstinitadief §. Iswill bddegribed

net wor k PS ase:stations are arranged.for processi ng spread

“spect r um siimtie ssqueldrovnihet extottsignah or anspifersnce reducedssignal ecis obtaiaedy A nk

spread spectru - skgnals. JA'S he . mobi ;

spr ead spemai'%ﬁ"é r?gl%éc Jepfhet vall %ﬁ&‘%g‘r Q"F%n%%?]gg‘&égﬁg %@gc%%sgéggvﬁflﬁﬁ k
spread spegbirdRersdst6ahé citéd EGropedii patemyNb 03621299 pBigsi8)blocks 1§, 17 A 18
(frequency division nultiple access) transm ssi

: re o .
di recti oh Akrreaibiiieseafichen CoOmRIises Ronstant Gslammtagaééai- o Vrﬁiﬁﬁ %5{3?‘1?&%0 and
stations c ' ' % afs ' i
o | 5 angURgiRfiTe SEEheeR MG erd ENE BAFRAS KiAgedtivi? The ihiaefonkd nottRba ighl e s
si gnalt s. | rmzftdlﬂmgsm?med ;.v_iuhpgmmduiqed and:?mpmwpram d@liaiﬂmslt[he agquitedrfrom
i nvention l. be scrifed. r t ' ' . 1
system opeﬂ&?‘r‘“ﬁﬂ fﬁi‘@&?‘&i ﬁ@f’ ?55@'5 (B:Pgédngtﬁb% F’ﬁéﬁ &eg%rlﬂﬁpgﬁl@;géql‘g ﬁ"@f g‘is“élgalil r%e
idatinmtdde Neoeffitichl GectarSor iitched filteiingds updated after

15 and/or d'bﬁ&gp'dvfé‘é
dat astreans afe frequency spread before transm ssion. At a reception side a
recei veld siegecinimeasurerentrinteaval aand the-delayt pawes spectrumm dy determined vip averaging.of

o ™ Gl D ot 5 e M S e 4 o i e
users. In ishgchirfaphexéedtiprises URitSS2 @dd 53cfor sexing fitter speficidntsp eiatervarjani matched
appl i ed, whereby a 20_ pseudo-random noi se, sequence is appli to a .
dat ast r eamfilters;34 apd 8552 upit 5§ fopiaking squared shsglide ¥alpes, ak&})%ﬁ forRYETagiNgy
binary dat ggfd-aaford @fim Felay pOWEL'sPLER, q%@c%g{a?ﬁ”an%r&jpﬁtﬁ%election unit 58 for
15 sglecﬁﬁg paths from the acquired averaged delay power spectrum.
" Fig. 5 shows a first embodiment of a CDMA receiver 60 according to the
" present invention. The receiver front end, comprising a channel filter and sampling means
inter alia, is not shown in detail. Receiving means 60 for one channel is shown in detail. For
. indicating that there are N detectors in parallel for N channels to be demodulated, the
20 demodulators not shown in detail are shown in a quasi three-dimensional way of displaying.
Block 64 is common to all channels. Channel estimation means 61 for estimating path delays
for a multipath'channel are provided as described in relation to Fig. 4. The RAKE
demodulator 20 for resolving the paths are provided as described in relating to Fig. 2. The
receiver further comprises a pseudo-noise generator 62 for providing a pseudo-noise
25 sequence PN, corresponding to the pseudo-noise sequence of channel one applied at
transmitter side, a decision feedback unit 63 for providing a previous bit decision b,, and
received signal estimation means 64 according to the present invention for generating an
estimate y(k-ko) .of the received signal y(k) and the interference reduced signal e(k-ko) to be
fed to the searcher 61, k denoting the sampling period. A delay unit 65 is provided for
30 delaying the received signal y by'ko, corresponding to a predetermined number of samples.
This is due to the decision feedback used, necessary for detérmining an estimate y for y. The
delay k, is determined by the maximum time required for demodulation which is basically the
maximur bit period plus the maximum delay spread of the channel. Further shown is an

adder 66 for obtaining the signal e. According to the present invention at least to a great |



pseudo- noi se sequence are applied to a nodul o-two adder, at an output of

whi ch a ﬁ?ﬂ atastream occurs. Despreading at receiver I%I% en
achi eved% app%yl ng the sane pseudo noi se.sequence, which rrus#"?’hijé'sq be

known in the receiver, to the received;gi gnal. 25 The present invention is
not limted to BPSK, but ot her nodul ati'on nmethod may be used. For a nore

det ai | [ S a ook of
et 2\ ShedP R iuelstiptod fs dliecn SiR0GIBHY “FoP ol ok ers Uyt RERS

envi r omsemteceivers . mayabe Ommegmdlm sériesnindicated Mthrtad idasteidcblocks 68oarml 6%di O base
station, or vi.ce \ers l%rlve at the radiq tBe statlon V|aarrult|tude of

pat hs, CPRRfCted;in gerics. ngiq thepresgat mvena% ¢ exzon sjgnal e @oes-net qomBnse e,

t he ragh-gn PYY t Wehk h
recei ver si @E dgrgbf% '!c‘ilftfg? er en?%ﬁgégb?#ﬂes an éé frbfh gg@g}gsso rr&] tﬁll %‘gt h

rays agiven embodiment ablr progesaingrie done by aniASIC mmwanorgsm:ﬂmmmed nt

v ort SHERLOF P BUSE YBidla S PlocBon o b hRiies BF s} bri*ife Row
m ti ga(Rehd d)ﬂly%moiy)tdiﬂ RAM (Raridefli Accdst Mo GSuéh & DSF) vell-Kiswen Hethai |
as far as the'fransmtting side is WO 95/ 2408

PCT/ 1B8%/R8D $a.5is not Syrther shgwn mmdatadt Further, a dqcaﬁ%rnﬂ issthonine whighpprovideso an
encodefeceni eff dita, E%Wh(&ta k) bl ock codes, i.e. k information bits at a
e o0

~ time generate a’C I'ength n. This code is fed to a quadrature spread
spdét rum modul at or Jiga6 shawmm ALC AdRsivedineardCambiner) as the peraived signal

ol T ovERTApoR M ar-rdite, i T Rregent, TyBRSOR 1 196 d0 A OMA rce\she The Srncﬁ:‘
and a AL@dﬂcﬂﬁbﬁgesgﬁwoindGmOdulanon means 70 and 71 for re-spreading the decision
feedback bits b, and by so as to obtain the signals v,(k) and vy(k) which are fed to delay units
72 and 73, and 74 and 75, respectively, representative of path delays 7,,, ..., 7., and_path
15 delays 7y, ..., TnL, fOr L strorigest paths for each of N. chan‘nels The signals' b,',(k), when

superimposed, would give the received sampled signal y(k) when assummg no multipath
fading. To mclude multlpath fading, the signals v are delayed with the path delays r and
weighted and phase shifted on the basis of the estimated complex amplitudes A,
n=1,.,N,and1 = 1, ..., L, before addition by means of a combiner 76 50 as to form
20 the signal y. In Fig. 6, further shown are complex multxphers 77, 78, 79, and 80, and a
- complex adder 81. The path delays are continuously acquired by the searchers as descnbed
in relation to Fig. 4. Newly estimated path are offered to the ALC 64. The ALC 64
determines whether to interchange paths or to dlsreg_ard. the new paths. Thus, the ALC 64
'always chooses the strongest péths. For simplifying notation the computational feedbéck ky is
25 assumed zero, i.e. in the sequel k is used instead of k-k,. The ALC reflects a common
baseband multi-user channel model, modelling L strongest r#ys for each of N users. The
complex amplitudes A, of the ALC 64 are updated jointly using an LMS (Least Mean
“Square) algorithm. This is a very practical choice as to implé_.mentation because it is a low
complexity algorithm and exchanging, adding or removing of ra)"S or users is very simple.
. 30 The estimate y and the complex amplitudes A, are updated according to: -

¥(K) = T T Ay(K).v(k-7,), whereby

s

summation is overn = 1, ...,'N andl =1, ..., L,



a nodul 0-2 adder 7 and a bal anced nodul ator 8 in another branch. Data are’

transmtte&vag,s,g4 gate [err] Tb being the bit-.period. At an op¢pmBeseéilshe
madul o- 2 adders and 7 so-called chips occur, a chip being a pulse in the
pseudo- noi se sequence having a smal | est peqi od [err] E. g. a spreading
 factor of 42 conplex chips per bit or 84 chips in the |I and Q channel 10

together cgg, be used. Wth a ﬁfﬂggSprh g@)e.;.q)f ngk lek)s (e.g. speech) this
I'ps/s.

corresponds to a chip rate of .Si gnal s of the

. bal anced rferial &tbr.s. ,EN,amﬂ B= bhhi-otlafke é!lﬂ@lcdhpp@& arcomplexeonjugate ppsration. In

"shifted c & [y S

adder 10 ﬁ%g% sgglgﬁggbgqé\ng{l%%@'t ‘?Elfg F(k)refvﬁal g%ﬁégllggﬁt%n%a@ge'
station B3He LIMS algoritimris furldn tHeSsampling rate. According toFihg prékenhmmntmn thet ap
RAKE de dula or 20 far a receiver in a nobile statiog or,a. radio

statio aplispflgs are cstimpted AHOFR, ACSHTRIRLY 5 FOBBATSEIO SIMRIFS) Gorelation and

spread-s p%% gsb&ﬂﬁhuése BEQ@BSE intéHferandei8 'iﬁé&)txh@dadéaﬁxﬂsd\frﬁlgrﬂ Joﬁthdaptatlon
originating from a single user. The RAKE denodul ator 20 conprl ses

so- cal | ed proeeSs.f Asgaesuly pedformare of the RAKE demadulgtors ist increasedodul at| ng a

P VB Vi L i 11 or oFE g sl IpRAChLRRAE oEBr s o HlEmatye Ry ™
deci si on \bahk ¥FRARE denfodibiters " Bhd stalelipics dete@oietomprises iteanéd ib-for eginidtingla
22 are added with an adder 22A so as to form a conmbi ned deci sion vari abl e,

whi ch 1 Stakpvecter,@agda writ 8L spmprsing @r@myelfraﬁadedea@mlna rersRfeading and

e M2} SR A KR E oS & 187X R ke 02l g
alia wi th re-spfeading ngmite9k recthe Ipaoudogmsegsethnoee PNhe. PNy, atdeesamaaad ¢hanfielr m
TP ot O s e o e S e B sl B b
i o s i . 5l Syt s

15 For a more detailed description of a state-space multi-user detector, referred is to the article
"A State-Space Multiuser Detectdr for CDMA Systems", J. Thielecke, IEEE Int. Conf. on
Comm., ICC 1993, Vol. 3, pp. 1762-1767. Also, a state-space multi-user detector is
disclosed in the PCT Application WO 94/00116, filed by the same applicant on 20 May
1994, the contents of this application herewith being incorporated by reference.

20 Fig. 8 shows a transmitter 100 for use with a second embodiment of a
CDMA receiver according to the present' invention, compx_'ising a spreading unit 101 as
described in relation to Fig. 1, spreading the data dta with M chips per bit, M being an
integer, and further comprising inverse Fourier transform means 102 acting upon the spread
data, parallel-to-series conversion means 103 for obtaining a serial data stream from the

25 inverse Fourier transformed chips, and transmit means 104 including a transmit filter. In
such a transmitter 100, CDMA is combined with OFDM. In this case chips are obtained in
the frequency domain. These chips, or bins in the frequency domain, can be distributed over
the frequency domain such that a favourable transmission is achieved.
| | Fig. 9 shows a second embodiment of a CDMA receiver according to the

30 present invention, comprising a receiver front end 110, sampling means 111, a serial-to-
parallel converter 112, Pouner transform means 113, an equalizer 114, and despmdmg

_means 115, for N channels. Outputs of the deSpreadmg means are fed toa decoder, and to
decision feedback means 116, as before. Decision feedback variables are re-spread, as
before, and fed, after serial-to-parallél conversion in a serial-to-parallel converter 117, to



denodul ators for denodul ating N channels, N being an integer. Each

RAKE- f i nq@r an 30 input for a pseudo-noise signal PN Lput for
a 195;}%6 @&gg@?{]—%: S

a del ay ustnent signal [err], ..., [err] respectively.
[err] denotes a set of L tap ‘del ays. FoE a nore detail ed description of a
RAKE denodul ator referred is also to sai% article.of Price.- Further shown

in Fig..2 are a chann 24 for .the,mobile radio stati.on .MS6, a received

o gnar - el Ednen A8 neefl 118°ATBe arE AR bbb MR fheals 55 V84 and
MS5, i nektinmdting path Helays BIfiand @'channélnodel 21_4085'|provided. In this embodiment the
PCT/1B95/ 00115 8 synbol 25. The chel ved si gnpal ri(!'gt?rl further conprises

addi t i vEuliipathehanngl is eqpalized in thejfrequengy domain Asindtheifisst embastiments thesj g, 3

- shows a%%‘ﬁlmggem?eﬁn.tﬁgﬁﬂ%&gﬂg{;nﬂ’ for the RAKE denodul ator 20. The

- finger nprises -a variable buffer 31 to which the conplex 5
signdl y is suppliedFiginlOoshomsta thirdt émbatiiment dfid COMAlreceivérestbcordihg o the -

uadr at > despr.eadi br anches for.despreading an in:phase_conpopent, of a
(' ansm Wiptest SBRERE. Thls FEANELIS » St RGN Ihe Zebiver CHRNR 18 Fib. . A serials
tr ansmi fotpaiallel ¢omvertef 2000 e Foliniér teinsfornt fleanss20 Iharefblided JEHm6R i tHieSRA | N
the signal y such that the total delay is constant for all fingers, i.e.
wi t h [ eshapnéls._-Furthermore, the recgiver comarisesian ALE 202,tqperatingtin the) frequengy hs,

Lo17) il s it o Pl a5 A of ACE B
del 3§ uasith fofm thérimérfetehceyredoced sipwdl fe vih @ardileptosseriab dodvertel nfdadls 204. When
G ! Birody e Ge <hiuie! Ffimation mears 61 for estimating fath delays in the Rrequency T“;
domain, the Fourier transform means 203 and the parallel-to-serial converter means 204 can
be dispensed with. Such an embodiment is useful when the users are 'synt:hroni_zed with
respect_ to each other, i.e. FFT-blocks of different usei's'should be received synchronously,
15 ‘then. ) '



3
of fset QPSK. Wth offset QPSK, the transmtter is |ess demanding. The
conpl ex pat vegogHyess i S cross correlated wth an in-phase pielmmslmls

saquence [err] and a quadrature pseudo- 15 noise sequence [errj, whithrmay

originate fromthe same generator (not shoyg), whereby the :
different initial states, or may originate fromdifferent gqmmﬂmi' aﬁuml
shown) . Trg%mEature branch conprises a nultiplier 36 for rult Pl

conpl ex path signal by j, j = [err]-1, followed by a cross correl ator

formed by a multiplier 37 and an integrate and dunp unit 38. Qutputs of the
‘dunp units 34 and 38 are added wth an adder 39 20 of which an output is
fed to a multiplier 40. Asignal [err] is supplied to an input of the
multiplier 40, the signal [err] being a conjugate of a conplex anplitude
estimate [err] of the current path, as estinmated according to the present
invention. The nultiplier 40 is followed by a real-part-formng unit 41

whi ch provi des the prel jm 1S A ' UpR| v t i nates of
conpl ex a\rl;lpl I tudes of tﬁremﬂﬁ%é\}g%ﬁsdﬂ @%@gsﬁgs%étﬁgea{?@x%s% at ne
denodul at drangmijtter (MS6) for ti'alxttingrr*]ratilea.v;tmhzI mmhilaltﬁmmisxmam @myg@d &l PSttoﬁe
esti mat ed | e | i tudes to, the RAKE-denodul ator, as, accordin 0 e
present |ﬁ§§%ﬁro¢sm i TE0Rving (v) atragsmisted signal, pubich comprises the ul at or

20. Fig. 4atkevens ﬁear:ﬁmagamctfansﬁusmtéhaana@me ﬂséi@eﬁao@gfsg;d%%mﬁ%he

path del ays and herewith the delays D froma short term power

spect r tn §60) bavingreselyingemeans20Nfariresoiwing at deastonecpath exriat leash ane xmiltiilbath
parallel s | ' | S, provided. .The searchers nt i, QUoOUs
scan t he ?%%g‘se\egg'@%@é@ EIP és%y%‘da l%gifaagelp‘ﬁ%mgoﬁ %@ﬁé@gowhéf’lﬁrgﬁ
sear cher s taithe resolvitiganedrs (20) tfot eftindtingsdhanfélipath 8AaYSCESS..L PgeHNer. Wl Nin
previous bit decisions in order to provide a correldation gain whichis

suf fici enfligrecsiy .“?‘Iﬂ“la&"gﬁ datastreams chasacienizedt ip thajcthp receiving imeans (60) epmpises
searchers géﬁ&aﬂé)ﬁﬂ&ﬂ?éj(éﬁ‘, 65, 86) fok 'g@herating an interference reduced signal (e) from the
10  received signal (y), the interference reduced ‘signal (e) being fed to the channel estimation

means (61).
2. | A multiple access digital transmission system (1) according to claim 1,
wherein the receiving means (60) comprises received signal estimation means (70 ... 80) for
estimating (y) the-received signal (y), and subtraction means (66) for subtracting the
15 estimated signal (y) from the received signal (y) so as to form the interference reduced signal
(e), generation of the intetferénce reduced signal being channel model based.
3. A multiple access digital transmission system according to claim 2,
wherein an amplitude and a phase (A) per resolved path is estimated, the estimated
amplitudes and phases being fed to the received signal estimation means (70 ... 80).
20 4. A multiple access digital transmission system (l') according to claim'3, the
amplitude and the phase is recursiy.ely estimated.
5. A multiple access digital transmission system according to claims 2, 3, or
4, wherein the received signal estimation means (70 ... 80) is an adaptive linear combiner.
6. A multiplé. access digital transmission system according to claims 1, 2, 3,
25 4or5, wherein the resolving means (20) is a RAKE demodulator. |
1. A multiple access digital transmission system accordihg to claims 1, 2, 3,
4 or 5, wherein the resolving means is a joint multi-user detector (90, 91).
‘8. ' A multiple access digital transmission system according to any one of the
'breceding claims, wherein at least two receiving means (60, 68, 69) are cascaded, an input '_ o
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9 signal e, being the difference between the signal y and a inpte of y.
It will BEO¥298¢ bed in the sequel how the error signal orpmﬁbgﬁgnce '
reduced sighal e is obtained. An enbodi nent of the searcher will be given.

Cther suitable searchers will also do, B g. the searcher as to the cited

European patent No. 0 361 299, Fig. 8, blocks 15, 17, and 18 5 thereof. The -
sear che®f %mm@sr@smsamea@ebwg aouRled snaranaerﬁq_rem reduesd signal ioutpuk of 8 and

AU 2 e SPHEUNER |6ty Wk i bftheet EAPSRbololivel roduimes

re- spr edalagtreami ous bit decisions [err] acquired from deci si on feedback. -The
order of the thhedfllit@éedeter I nes the.tinme w ndow faqr Wh'fa,n t he delay'
power spectrumis esfymH aGeeIy ? ransmissian; system,acqordipg daclimidering is

updag edyRéreRY at tfans@MfsidonBde WFRFSpreadig C4r fversdFburef vdRiBYMRYIBis U m

Is determ ned via averagi ng of several neasured 1 npul se resEonses a
squar ecanda geeeption sidee before despreadingT @ Fourier dragsform (d &3) isiappliedir t her

mat ohodt | Ters o4 aeaio b43e shibh 8Pyl in £ nuiie ahGisE lelat bpdfFagln 322
filter dystefmnheyRlicbaseosttionecamprising & réceiver ot ficeivinges sighsls twitich témprises
necessary, .and a path selectjon uynit 58 for 15 selecting paths fromthe

acquir éﬁWGﬁ m*‘t@p‘@%?rtmmﬁs@“ @asmwearewm CQmpRisiNgent of
- a Wé@&ﬁhg%eaﬁg hﬁ%g df'iﬁ ?Qn&'ﬂ? fOF RR361Ming! 4143t bRE t];hl’ér P@&Qﬁt"(ﬁk front
end, conprisfng a chan Perand sanpl |r§g neans | hLer & i'S not

shown imultipathi l‘ecelvﬁ:modula@drda&asm and having Cirstrobannel estimation means; twiith Fo i
hg%gﬁfalg? ggt qg{ﬁléo e resol Li%gngaents,e troers?xm'atmé) afxanneF patL (Helays Cll‘? enreelcessivw be
modulated datasmms, characterized in that the receiving means (60) compnses generating
meairs (64, 65, 66) for generating an mterference reduced mgnal (e) from the received signal
15  (y), the mterference reduced signal (e) bemg fed to the channel estimation means (61)
1L A receiver for use in a mulnple access digital transmission system, the
receiver comprising receiving'mans for receiving a signal, which comprises modulated
~ datastreams, transmitted via a mﬁltipath transmission channel, the receiving means having
resolving means for resolving at least one path for at least one multipath received modulated
20 datastream, and having first channel estimation means, which are coupled to the resolving |
means, for estimating. channel path delays in tﬁe received modulated datastreamns,
ché:acterized in that the receiving means (60) comprises generating means (64, 65, 66) for
gencsraﬁng an interference reduced signal (e) from the received signal (y), the interference
 reduced signal (e) being fed to the channel estimation means (61).

AR



20 dernpdul at'ors not shown in detail are shown in a quasi threcgrg

';g/gy of di spl aying. Block 64 is common to al | channel s. Channg@g

ans 61 for PEhating pawireol gropazATIOdhannel 2\
4. T%éei "’P&& "Ge!

described inrelation to Fig nodul at or 20 for. rsI ving the
pat hs INEERNANONAY M?%HQN%@HWUHPEW@T COORERATIONCTREAT Y T her

- CONIE]) HSmaodaBRaECCIAMERn gener at o[ 62 | {19 imh@lbhd bibflecaflon NGO - NOI 95/24086
sequeng_ﬁl‘ierr] corresponding to t eAf)%eud% nol se sequence of charfnel one '

appl i transmtter si de a dedji si (?m)flﬁﬁﬁlhhﬁd{l’tbﬁtationaﬁtef Or8$ﬁtﬁnbbrd993@8a995)

pl‘e TUUS UT L UEL,I bl UTlI |_Cl I J d.lICFI UL,CI VA 9 3|g|la’| S eotlrimat 1t UlT 1medris OLI-

ac coer) idi@nakicnat Applicatics Maber: nvegm{nnpsm“ HEAdgat:| OélﬁH %m@!o
reCE| ved si gnal &k%t S?Gt/h I nterferente remf St Bf”é?%p']ﬁlt' F‘é‘&w‘fe’b
t he| @@ en &’"l‘ﬂ’é”éé’t:?ﬁﬁshg period. A del ay unit 65 is

pro |ded for 30 de y|ng t he recelved nal y by [er ‘corresponding to
ap (wwcltm)md n of sa I es. nnehaammhe? USs Ewpopesh pateell 14T BE, CH,

use or es@/mate PED¥; E§. BR. G, CR; iR Iy - NC: NE¢FT) SB).g
det erm n oL dma reqlw,&gd for denodul ation which is basically
t hgl maxi rrum b|t peri od pI us the maxi num eplisBea spread of the channel.
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(57) Abstract

In CDMA systems (1) with time-variant multipath transmission channels, such as mobile radio systems, receivers are used that apply
multipath diversity techniques so as to counteract fading. In a known CDMA system, L-tap RAKE receivers (20) are used of which taps
are adjusted on the basis of channel estimation means (61) that estimates multipath delays (11, ..., T1L; TN1, ..., 7NL) from the received
.signal (y), i.e. searchers are arranged for finding paths. In such a system inter-user and inter-path interference is not taken into account.
As a result, it is difficult to detect yet unresolved paths. Especially, it is difficult or even impossible to detect weak users in a strong user
environment. A CDMA system (1) is proposed compnsmg channel estimation means (64) having a channel model for estimating (§) the
received signal (y). An interference reduced signal {e) is formed from the received signal (y) and the estimated received signal (9) and
is applied to the searchers. In an embodiment the channel model is an adaptive linear combiner (70 80) combining re-spread decision
feedback signals (b) weighted by estimated complex amplitudes (A) of resolved paths. Because in the interference reduced signal strong
users are no longer present, it is easier to find yet unresolved paths. From the interference reduced slgnal (e) weak users can be easnly
detected, thus i mcxeasmg system capacity.




strong rays anynore. Thus, weak users can easily be detected fromthe error .°
signal e. In the-5 given enbodinent all processing is done by .an ASIC
(Application Specific Integrated Circuit) or by a DSP (Digital Signal
Processor) or by a number of DSPs conprising ROM (Read Only Menory) and RAM
(Random Access Menory). Such a DSP, well-known in the art per se, is not. °
further shown in detail. Further, a decoder 67 is shown, which provides-
decoded data, e.g. speech data. 10 Fig. 6 shows an ALC

. (Adaptive Linear Combiner) as the received signal estimation nmeans 64
accordrng to the present invention for use in a CDVA receiver. The ALC 64
conprises re-spread and nodul ati on neans 70 and 71 for re-spreading the-
deci si on feedback bits [err] and [err] so as to obtain the signal s [err](k)
and [err] (k) which are fed to delay units 72 and 73, and 74 and 75,
respectively, representative of path.delays [err] and path 15 del ays

[err] for L strongest paths for each of N channels. The signals: [err] ‘when
superi nposed, would give the received sanpl ed signal y(k) when assum ng no
mul ti path fading. To include nmultipath fading, the signals u are del ayed
with the path delays [err] and wei ghted and phase shifted on the basis of

the estimated conplex -anplitudes [err], n=1, ..., N, and 1 =1, ..., L,

bef ore addition by neans of a combiner 76 so as to form 20 . the signal :
[err]. In Fig. 6, further shown are conplex multipliers 77, -78, 79, and 80,
and a conpl ex adder 81. The path del ays are continuously acquired by the
searchers as described in relation to Fig. 4. Newy estimated path are
offered to the ALC 64. The ALC 64 determi nes whether to interchange paths ({
or to disregard the new paths. Thus, the ALC 64 al ways chooses the :
strongest paths. For sinplifying notation the conputational feedback [err]
is 25 assuned zero, i.e. in the sequel k is used instead of [err] The ALC
reflects a common baseband mnul ti-user channel nodel, nodelling L strongest
rays for- each of N users. The -

-
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conpl ex anplitudes [err] of the ALC 64 are updated jointly using an LM
(Least Meaw&gd;%r,&)' algorithm This is a very practical choipeanses/dod1s

i-nmpl ement ati on because it is a |low conplexity al gorithm and exchanging, -
addi ng or renoving of rays or users is very sinple. 30 The estimate [err]
and the conpl ex anplitudes [err] are updated according to: [err](k) =[err]

wher eby summation is over n =1; ..., N1Z£P , L, WO 95/ 24086
PCT/ 1 B95/ 00115 and, ] = [err] + [err] for n =1,
: N, -and 1=1,...,L. The synbol * denotes a conplex conj ugat e operati on.

In the above fornulas, [err] is an adaptation step size of the LM5
algorithm In an enbodi ment, the LMS gigorrthnrrs run on the sanpling rate.
According to the present i nvent i on t he conpl ex anplitudes are estinated
nmore accurately as conpared to |np|e3t corNel ation d averagifg

techni ques, because interferenpfe is taken i n\o acc#unt during A joint
adapt ati on process. As a res mance ulators is
increased. Fig. 7 shows a st tiigpac mul ti-us detectps ag/ an alternative
for the bank of RAKE denodyf at e space deteck or/ conpri ses neans
90 for estimating e tor uni t
nodel i ncluding re-spreadin 4 atron A
[err](k) is inputted to the str tor] 90! np
91 are the pseud04ﬁﬁﬂse seque cggz[err].&#
paranmeters cp for ers, as escrrted#ﬁg

is the signal [e
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d channel - -
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conprising all transmtter bits of all N users influencing the received

si gnal y(k)agé %#g% k. 15 For a nore detailed description ofpcgbéeiispace
mal ti - user 2 referred is to the article "A State-Space Mul tiuser
Det ector for CDVA Systens”, J. Thielecke, IEEE Int. Conf. on Comm, |CC
1993, Vol. 3, pp. 1762-1767. Also, a state-space nulti-user detector is
~disclosed in the PCT Application WO 94/ 0&1& filed by the sanme applicant
on 20 May 1994, the contents of this applafdati on herewi th being
-incorporated by reference. 20 Fig. 8 shows a transmtter
+100 for use with a second enbodi nent of a CDVA receiver according to the

. present invention, conprising a spreading unit 101 as described in relation
"to Fig. 1, spreading the data dta with Mchips per bit, M being an integer,
~and further conprising inverse Fourier transform neans 102 acting upon the
spread data, parallel-to-series conversion neans 103°for obtairggng a serial

data streamfromthe 25 inverse Fourier transfamaed.chip 200 ansm t
nmeans 104|nclud|ngﬂtransmt filter. In suchla traasadt2F 100, CDVA is
conbi ned with OFDM Wkt RMSBcase chips are obthipeddi n tfetrequenky
domai n. These chipg, or\b\ns.in the freqyency Hongi e d be d % r| buted
over the freque mai RYs yeh tHap{tloeiaiil r)ab el Yjrafisnifssi on Aa:hi eved.
Fi.g. 9 shows econ ----@ = afl g CD 2ih/g 85; Pl R . he 30
present inventi npri g ecei ke ontj eng 11 sarrpl neans 111,

a serial-to- parallel cg verter 112, Fourier t}angf qumueadls 1 3 an
equal i zer 114, and desgreadi ng feans 115, for N khafgnel S Qutplits pf the
despreadi ng neans are fed to a dhoder, and to} deci dizandeedback ngans 116,
as before. Decision feedback variables are re-gpread} ag before, aphd fed,
after serial-to-parallel conversion in a seriaf-to-pappli’py converfer 117,
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VID 95/ 24086
12 inverse 9 6transformrreans 118.
mpans for estifating path delays 119, and a channel

In this enbodi ment the nultipath channel
t he channel

domain. As in the first- enbodi nent,
domain. 5 -
recei ver according to the present

t hear ecei ver

N channel s. Furt hernore,
D1¢\ ansfor

the frequency domain, Fouri g
outputs of they A C 2040
vi a paraIIeI-toIser'
estimation nes

Fourier transform

Fig. 10 sho
i nvent
nodi fication of the receiver shown in Fig. 9. A serial-
converter 200, and Fourier transform neans 201 are provided,
conpri ses an ALC 202,
m means 203 for
®ormthe interference. reduced si gnal
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al so chanpetnsdsbonst i on
nodel 120 is provided.
is equalized in the frequency
nodel operates in the tine
third enbodi nent of a CDVA
This receiver is a
t o-parall el

common to the
operating in
Fourier transform ng
e

As before,

204. When enbodyi ng t he channel
del ays in the frequency domain, the
allel-to-serial converter neans 204

can be di spensed wth. Such an enb Qﬁ is useful when the users are
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CLAI MB: 1. A multiple access digital transm ssion system (1)
conpri si ng Wb9kl§ﬂ)§3 one transmtter (MS6) for transmtting apciesysionse
npdul at ed datastream (dta), and at |east one receiver (BS2) for receiving
(y) a transnitted signal, which conprises the nodul ated datastreans, via a
mul ti path transm ssion channel, the receiver conprising receiving neans 5
(60) having resol ving neans (20) for reag!ggng at | east one path. for at

| east one mnultipath received nodul at ed tream and having channe
estimati on neans (61), which are coupled to the resolving nmeans (20), for

- estimating channiel path delays ([err])in the received nodul at ed

dat astreans, characterized in that the receiving neans (60) conprises
generating nmeans (64, 65, 66) for generating an interference reduced signal
(e) fromthe 10 received signal (y), the interference reduced signal (e)

being fed to the channel estinmation neans (61). 2. A multiple
access digital transm ssion system (1) according to claim1l, wherein the
recei ving means (60) conprigges received signal estimation means (70 ... 80)

for subtractingl|the 15 estf mat ed stgnal (lerr]l) fromthe receivei:gignal
(y) so as to fotmthe interference re I signg L of Hehe

interference requced signal being ghanndgm™ Tmotog-based. 3. A
S . d T-?hirein
an anplltude - he‘g et ed

&R aocordThg to cl al
anpl i tudes and B \3 1 uuy.eins (70
80). 20 4. nd b - 5 dmsmi séf o
system (1) accondi [ i e B is recu35|vely
estimated. 5. | ssi on system
according to cl g 1
by

for estimating :|err|2 the feceived signal (y), _and subtraction neans (66)

FI6.5



4, wherein the received.signal estimation neans (70 ...

Ilnear conhw
20)

i s a RAKE denodul at or.
transm ssion systemaccording to clains 1,

7.

80) is an adaptive

A multiple access digital POTARSMOIEN on
ysten1accord|ng to clains 1, 2, 3, 25 4 or 5, wherein the resolving neans
A multiple access digital

2, 3, 4 or 5, wherein the

resolving neans is a joint nulti-user d ﬁﬁtor (90, 91). 8. A
mul tiple access digital transm ssion systemaccording to any one of the
precedi ng clainms, wherein at |east two receiving neans (60, 68, 69) are
cascaded, an input WO 95/24086
PCT/ 1 B95/ 00115 14 of ucceedfng receiving means ng c ed tqg,an
interference reduced ?l ?rhl (rd'lt] ut of a preceding lrpﬁ i Vi ?(N SO a&"to
successi vel y defe€ct stronger weaker recelved noduljat efl datast¥epm 9.

. A multiple acceps digita afrsMi ssion system accordijng tob@aim1,|5

. wherein at. trangm ssion pi mé_r"s_pr_e'a'dl'@','—arﬁﬁ ourier tfansform
(102) is appliefl, and at "Tgception side, before despreading, a Four}er
transform (113)|is appli ed. (k) A radio basdqgf &kli on fof use in
a multiple acceps digital tpahsm ssion system the radid i pn

conprising a reg
dat astreans, tr
conprising 10
| east one path

vi ng resol ving
31l tipath receive

ht ed

at
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and having firs means, whi ch
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a?e coupled to the resolving neans, for estimating channel path delays in
the recei vegoRasgt €d datastreans, characterized in that thecresssioviisg
mgans (60) conprises generating neans (64, 65, 66) for generating an

i nterference reduced signal (e) fromthe received signal 15 (y), the

i nterference reduced signal (e) being fed to the channel estinmation neans
[(.61). 11. _ A receiver for useﬁ[ﬁa mul ti pl e access digital
‘transm ssion system the receiver conprising receiving means for receiving
ia signal, which conprises nodul ated datastreans, transnitted via a

"mul tipath transm ssion channel, the receiving nmeans having resol vi ng neans
for resolving at | east one path for at |east one multipath received

nodul ated 20 datastream and having first cggpgﬁ;:g;;;gg;:gg;gg%ﬁ?;:ﬁhich
are coupl ed t he resal ving_nmeans, for esti erays in
the received Udat ag#'r eans,, charaftertzea rm rnat tne regel ving
means (60) co bner ateng hs (64 ‘ ﬁg an

i nterference ‘
i nterference reduc
(61).

( e
gnal (e) being fed]?
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