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Reduced- Conpl exity Multipath Interference Cancellation Field of éhe

| nvention T M‘\\\\“\nvent ion relates to nethods and appar at us £ SEP 2006
cancel l'i ng I\\ml“‘mm interference of wireless signals. Background of the
I nvention Recenf|yq: hi gh order nodul ati on schenes, for exanple, 16QAM
64QAM or even 256QAM have been introduced to achieve high data rate

irel 1 i st 0ns. - i mul ti pat h
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performance of wireless comunications systens with high order
modul at i on&ielggf ntipber f erence cancel | ati on (MPIC) techniques have

h
been propo 1s ssible solutjon to mtigate _severe multipat
i nt er? er gniﬁg ﬁ’ﬁég@dé?’%’%&%eg%t?ﬁ%f“ pés pad appaaips 5%rtceaq0ﬁglnp,{pglﬁpg&ence
and rensve ifteferaticerdfaviesiess sigphisca fromthe received signal. Fig. 1 shows
schematically the general structure of a MPIC device. 20 The MI C i ncl udes
a feedback | oop including an interference renoval unit 10, a denodul ator
20 and an i%ﬁ&f&fnﬁ”&?hgqmérﬁﬁw on unit 30. A received signal subject to
mul tipath imterference rs recerved fromthe left of Fig. 1, and an
esti mat e ofRedeatly shighardev mbdulationischpaiels, fontexafeyrieMBQAM, G4QAN dro t he

i ght of Fig. . l[ly, the MPIC I st, f ot teps: firstly,
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estimates interference contribute
(MPI) caused by multipath fading may severely degrade the performance of

wireless communications systems with high order modulations.

MuItibath interference cancellation (MPIC) techniques have been proposed as a

15  possible solution to mitigate severe multipath interference. The basic concept
of MPIC is to duplicate the interference and remove the interference replica
from the received signal. Fig. 1 shows schematically the general structure of a
MPIC device.

20 The MPIC includes a feedback loop including an interference removal unit 10, a
demodulator 20 and an interference duplication unit 30. A received signal
subject to multipath interference is received from the left of Fig. 1, and an
estimate of that signal without multipath interference is output to the right of Fig.
1.

25
Generally, the MPIC consists of two steps: firstly, based on the output of the
demodulator 20 and channel estimates from a channel estimation unit (not
shown), the interference duplication unit 30 estimates interference contributed
by different paths; secondly, the interference removal unit 10 subtracts the

30 estimated interference from the received signal [1], [2], [3].
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by different paths; secondly, the interference renoval unit 10 subtracts
the 30 estinmated interference fromthe received signal [1 ], [2] Z%g;.
~~~~~~~ Jitr rrrer ettt rrrrlt ~~~~ ~ll~ *nnnnnt 12 SEP 200 é@@ry
path will cause interference to each other path. Assum ng a system which
can resolve mnultipath signals, intotad (m 2) interference itens should
be taken into consideration. Here (m 2) represents t he nunber of ways of

taking 2 it u r f itemis
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mul ti path iigenticastbersore) the cemntm(tty@éwﬂ?lﬁil istpeopertionaktoghesembermient i on
proposes t erforned by a schene as illustrated in Fig. 1, but
i n which tn@%ﬁ%?rﬁe '?eéﬂg duplication is perforned in a truncated manner
so as to reduce the conplexity 20 and processing requirenment of the

I nterference duplication, particul ar_ the present invention proposed

that the trih§ce@mplexity OBWéQ 'érﬁluﬁed@@r ﬁPh@Qd%ﬁ'Vtﬁﬂon iltie @erespat h si gnal s
t th

et i on, (CRATR) oiiiefis iR dorfificih brORFICT: BERAS: o' Pnds [hodi maBRR AR,  of
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Summary of the invention

The present invention seeks to provide new and useful methods and apparatus

15 for attempting cancellation of multipath interference.

In its most general terms, the present invention proposes that MPIC is
performed by a scheme as illustrated in Fig. 1, but in which the interference
duplication is performed in a truncated manner so as to reduce the complexity
20  and processing requirement of the interference duplication. In particular, the
present invention proposed that the truncation is based on a determination of

which multipath signals are present, and the properties of those signals.

In a first aspect of the invention, the truncation is that only a subset of the total

25 number of interference items are cancelled in MPIC. These interference items
are selected as the ones which are expected to give the greatest contribution to
the multipath interference.

Specifically, the first aspect of the invention can be expressed as a method of
30 reducing multipath interference in a received wireless signal which contains
components transmitted along multiple paths, the method including:

determining characteristics of the paths;



aré selected as the ones which are expected to give the greatest
contribution to the nultipath interference. Specifically, the fj Eect
of the invention can be expressed as a nmethod of 30 reducing w]{gga?@
interference in a received wireless signal which contains conponents
transmtted along nmultiple paths, the nmet hod including: determ ning
characteristics of the paths; 12 SEP 2006 3 using the determ ned

characteristics L{qs%gsﬁoe(%%a %n%@mg&eﬁgﬂlscs 'sre§ &ffrorplaérnén%%"%‘é ﬁ of usi ng

pairs of the pat ast one o al Tect 2d parr
t he det er mpatios, achatyset tof pass iof thd pathe| ect at Ieast one portion of the
signal duration;, 5 for each gf the sel ct ed

s of ner ting an
el o or t hafor at Brpto et Ananed Rots obBrie. BonBahetetdiiined of) ot o

of the int eihhesQ8hsticsBlsren att'il@éstBﬁbrdeﬁorpéft'ﬁ% S JUrStiGH; each sel ect ed
portion of the signal duration; and subtracting the interference estinates

fromtheé recei vddr sagnef the sedeqted eairatdfweths, geheratingsan asfjreate offthehe
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recei ver i nsdtweenhatdrnicoRpaths dvenite drosachedetéctedipastionaf tetdgmait i cs of t he
paths; 15 a selector unit for using the determ ned characteristics to

sel ect, frolratemmndal | pairs of paths, a subset of pairs of the paths, the
sel ector unit bej g g-gtcgﬁﬂr?é InY@rf%rfeﬂEe%tstlHEi’éstfr&%Gtthr é‘ide%Fq gt ed pairs of

paths, to use the cteristics to se east one
porti onloof the signal duration;

Alternatively, the first aspect of the invention can be expressed as a wireless
receiver for receiving a wireless signal which contains components transmitted
along multiple paths, the receiver including:

an analysis unit for determining characteristics of the paths;

15 a selector unit for using the determined characteristics to select, from
among all pairs of paths, a subset of pairs of the paths, the selector unit being
operative, for at least one of said selected pairs of paths, to use the determined
characteristics to select at least one portion of the signal duration;

an estimator unit which, for each of the selected pairs of paths,

20  generates an estimate of the interference between that pair as an estimate of
the interference between that pair over the or each selected portion of the signal
duration; and

a subtraction unit for subtracting the interference estimates from the
received signal.

25
Preferably the characteristics of the paths comprise, or consist of, their path
amplitudes, and interference items are selected based on these path
amplitudes. Two fundamental facts motivate this. Firstly, the path amplitudes of
the multipath signals typically fall off exponentially with the delay. In other

30 words, the first path usually has the largest amplitude and the following paths
have much smaller amplitudes. Secondly, the interference strength of

interference items is proportional to the corresponding path amplitudes.



an‘estimator unit which, for each of the selected pairs of paths, 20
~generates an estinmate of the interference between that pair as an estimate
of the interference between that pair over the or each selectgq gpriggon of
the signal duration; and a subtraction unit for subtracting the
interference estimates fromthe received signal. 25 Preferably the
characteristics of the paths conprise, or consist of, their path
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APl ¢ udes. AT e KB RECRL AR BhGo R TR RNCRARAf: A RE 08 .

anpl i t udes Zfinterfeeennd itérpaiahdgemuedhespintatiéngntal IDeplehdangoméng hainbgr wi t h
the delay. [I.n_.other 30, words he.first path I has the | argest

anpl i t ude SMEHEEGE 'W%Ge%gier‘fg th%&Q@pFﬁ]‘gM Ongega%ﬁﬁlr? 't’ﬁfé@?ﬁ%econdl Y,
the interfargeeeostrpength of interference itens is proportional to the
correspondi ng path anplitudes. 12 SEP 2006 4 Therefore, we can choose the
strongest interference itenms anong the total (m 2) interference itens and
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frequency hopping spread spectrum techniques.
Furthermore, the invention can be expressed as a receiver including a multipath
cancellation unit according to the invention. The invention can further be

15 expressed as a communication system including such a receiver.

Brief description of the Fiqures

Embodiments if the invention will now be described for the sake of example only
with reference to the following figures in which:
20
Fig. 1 shows schematically the structure of a MPIC device;
Fig. 2 shows throughput performance of a first embodiment of the
invention for 16QAM signals with a coding rate of ;;
Fig. 3 shows throughput performance of the first embodiment for 16QAM
25  signals with a coding rate of %;
Fig. 4 shows throughput performance of a second embodiment of the
invention for 16QAM signals with a coding rate of ¥5; and
Fig. 5 shows throughput performance of the second embodiment for
QAM signals with a coding rate of %.
30



fréquency hoppi ng spread spectrumtechni ques. Furthernore, the invention
can be expressed as a receiver including a nmultipath cancellation unit
according to the invention. The invention can further be 15 exb?éﬂ%ﬁﬁﬁas a
comuni cati on systemincluding such a receiver. Brief description of the
Fi gures Enbodi nents if the invention wild now be described for the sake of
exanple only wth reference to the following figures in which: 20 Fig. 1

shows sche@ét?ﬁ@d gsgn&‘,f_ﬁ B%Ebﬁrﬁbeéigﬁr%)l C device; Fig. 2 shows throughput
per formance i nvention for 16QAM signals with
a codi ng r dtteeeehihoditingnts3ofsthevisvertiooughmow e descriteat: eAthhavé¢hé overall
enbodi nent for M 25 sigpal g, .t codin rate of ' 4 shows
Chroughput SHPER mRvee B T e inleBeferis teliSatar pedoisied bRt R 6 Gam
si gnal s wi t30 @ifferdages@itodteldw; and Fig. 5 shows throughput performance
of the second enbodinent for QAMsignals with a coding rate of 30 1 SEP

1006 55Detailed Description of the Enbodi nents Three enbodi nents of the

nvention whlie fiuchhdifineh étegéic?l liben @Y faddih O a(gb.s G Frilfifd Ssdawn. | n

Fig. 1, but the int erenc i on per or B un Iffers
as deecrl be(WCbBMA/)/cdﬁnmuntchBorh nsystvsrrenhngan mpmbnsledqﬂoyved/\tddeband code
division mfrltérle the t%roughput (peak data rate). Assuming a 4 path channel

environment, there are in total 6 interference items.

To reduce the complexity of MPIC, only the strongest interference items are
selected and removed by MPIC. The selection scheme is quite simple: with the
help of channel estimation, the path amplitudes can be obtained. Based on the
estimated path amplitudes, the strength of each interference item can be

15 evaluated without computing the interference. This is because that the strength
of interference is proportional to the power sum of the corresponding paths. For
example, (Px+Py) provides a good approximation of the interference strength
between path X and path Y. Here Px and Py are the powers of path X and path
Y, respectively. After getting the strength approximation of all interference

20 items, we preferably select the proper number of interference items to be
cancelled based on the performance requirement as well as the hardware cost

limitations.

We now present simulation results in terms of throughput. Table 1 shows the

25  simulation parameters.
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Data Combining for Multipath RAKE Combining

Number of Stages for MPIC 2

Frame Length 2ms

Spreading Factor 16

Number of Muiticodes 5

lor/loc Variable

Moduiations

16QAM with coding rate of ¥z and %

Channel Coding

Turbo Code (PCCC), 1/3

Channel Estimation Ideal

Max no. of Iterations for Turbo Coder |6

Metric for Turbo Coder Max-log MAP
Input to Turbo Decoder Soft

HARQ Chase Combining
Max no. of Transmission Attempt 4

10

Table 1 Simulation Parameters

Fig. 2 and Fig. 3 respectively show the throughput performance for 16QAM %2
and 16QAM % with 3 interference items cancelled by MPIC. This line is marked

on Figs. 2 and 3 as “reduced complexity

MPIC”. The resuits with all 6

interference items cancelled by MPIC (“Full MPIC”) and results without MPIC

are also plotted as references. Note that in each case the throughput is

normalised with the maximum possible throughput.

i ncrease the

i

sel ected and renoved by MPIC
estimation,

of
S.

ath
f

t as
ts
SEP



Delay of Multipath Signals 0, 1, 2, 3 (Chip) Data Conbining for Miltipath
RAKE Conbi ning Nunber of Stages for MPIC 2 Frane Length 2ns Spqq@kﬂrﬁﬁ
Factor 16 Nunber of Multicodes 5 lor/loc Variable Mdulations 16 W@th
coding rate of /2 and 3/4 Channel Coding Turbo Code (PCCC), 1/3 Channel
Estimation Ideal Max no. of Iterations for Turbo Coder 6 Metric for Turbo
Coder Max-l1og MAP Input to Turbo Decoder Soft HARQ Chase Conbi ning Max

no. of Tra 1 SSil At tes ' ' : r i 2 and
no. O TranoBsn Al SRR, TRt End SOMPRS bR IEFAEPHEIAL ot 2,2
16QAM % wi tperfdrinanee fsigréficamtlyt SmmpanededittetulldVIPNG) r@duﬁ:‘h?&ornpm;]liyst\l/llﬁ’méked

on Figs. 2.,and 3 as "reduced . compl exity MPLG'. e results wth a

i nt er?erené@sistoé% PSQRHBPP%%%?%?'@‘(¥@ﬁﬂk§6¢(‘£2’)ths FRAGRHASSWEDhout MPI C
are al so plslightgeststhanl BI%JICESF 10QAR YN #he |dﬂg@§t¢dé§¢a§@cidmi§ dodueyghput is io
normal i sed wth the maxi num possi bl e throughput. I2 SEP 2006 7 Observing
Fig. 2 and Howeves, thgecamplgxity af reduicedcamplastoVE|ELe 50 tasgithan that of

perfor mance, s I-BAY k¥au EyBIh RN MbblovidesG gE%%S%%?&%@%' exity MPIC

between performance and hardware complexity.

We now turn to a second aspect of the present invention. As in the first

10 embodiment, only the strongest interference is selected and cancelled by MPIC.
However, the selection criterion is different from that of the first embodiment.
As discussed above, the stronger interference between interference F and
interference S is selected for each interference item. The selection can be
easily done by comparing the value of Txy and the value of (SF-Txy). This is

15  because the strengths of interference F and of interference S are proportional to

the values of Txy and (SF-Txy), respectively.

A simulation has been done for the second embodiment. The simulation
conditions are same as those given in Table 1.

20
Fig. 4 and Fig. 5 respectively show the throughput performance for 16QAM %
and 16QAM % with interference S of every interference item cancelled by
MPIC. In the example given in Table 1, SF-Txy happens to be always higher
than Txy for the muitipaths shown, but in real situations the relative delay

25  between the paths is random. The complexity of MPIC is reduced about 50%.

It can be observed that the performance degradation of the reduced-complexity
MPIC is acceptable. For 16QAM %%, the degradation is very slight (less than
5%). For 16QAM %, the largest degradation is about 20%. The reduced-

30 complexity MPIC thus provides a good trade-off between performance and

hardware complexity.



has some perfornmance degradation. For 16QAM ' /2, the degradation is very
~slight (less than 10%. For 16QAM 3/, the |argest degradation is %ﬁgﬁﬁ) 25%
5 However, the conplexity of reduced-conplexity MPICis 50% | ess t t

of full MPIC Thus, reduced-conplexity MPIC provides a good conprom se

bet ween performance and hardware conplexsty. W now turn to a second aspect
of the present invention. As in the first io enbodinent, only the strongest
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above, the tbewmtgedsmsednm Hleapteendusttmneembodimérﬁsem:ethéramidsnhEerfer ence S

is selected for. eacgh |n erference ite eas,i done
by conpari i §HENAIE ﬂe%t%%%c?rhceemlgglﬁglvbcfecfglk_o% epf‘h&St'lys rloo‘}lsﬁecause
t he strengtthe songastihiferance ftemthcebrding eid Qélﬁ%ﬁpﬁu@é@ fucpant i onal to
the val ues of Txy and (SF-Txy), respectively. A sinulation has been done

for the 5se(ﬁﬂw$@ﬁb%étrﬁ§9@r o betyern nterfarence hdand iptrrfereace Sfer the t hose

O e, e s b © WARAR RIS ooyl
i nt erferenddPiC ean beveduted fimtherMPI C. I n the exanple given in Table 1

SF- Txy happens to be always higher than Txy for the nulti paths shown, but
inreal situations the relative delay 25 between the paths is random The

conpl exi ty fusMREGhirg ehfsBHiPEdnBBOE |§\9e41t|on| fs G&Hn% \Hmﬂ{é’ﬁr@t ta\HétseEPﬁ’d For

performance degradation of the reduced-conplexity I's acceptable.
16QAM 1102, erheodigmpndsianakes it poseible tol iedhice mQalaardvma cose@f MRC, m6QA|v| 3/ 4,
t he Iargest degr adat,i i S t %, The reduced 30 conplexity MPIC thus
provi des acé’ ﬁoé'c@quiwrb %8P?or mance and hardware conplexity.

Although the invention has been described here with reference to only three
embodiments, the invention is not limited in this respect and many variations
15  are possible within the scope of the invention, as will be clear to a skilled

reader.

In particular, although the devices for performing MPIC are described here as
including several “units” it is to be understood that these units need not be
20 physically separate. Rather, they may be sections of software running on any

number of physical processors.

Reference:
The following documents are incorporated herein by reference:

25 [1] NTT DoCoMo, “Multipath Interference Canceller (MPIC) for HSDPA and
Effect of 64QAM Data Modulation”, Tdoc R1-01-0102, 3GPP TSG RAN1
Meeting 18, Boston, U.S.A, Jan. 2001
[2] Rong Hu; Aiping Huang; Hongyu Wang; Weikang Gu, “Multipath
interference cancellation and modified rake receiver “, Vehicular Technology

30 Conference, 2001. VTC 2001 Spring. IEEE VTS 53rd , Volume: 2 , 2001, pp.
1508-1512



12" SEP 2006 8 W now turn to a third enbodi nent of the invention,1T€Eﬁ9mks
a conbi nation of the nmethods used in the previous two enbodi nents.

ot her words, the selection of interference to be cancelled is divided into
two steps: firstly, choose the strongest interference itens according the
pat h anplitudes; secondly, 5 choose the stronger one between interference F
and interference S for the interference itens selected in step 1. Wth
this combi naf ! oBallehbed APEGH, [0/ SthubRiftichaP. DA A RthidthifBHerctis the
third enbodiment of the invention, Is cormon with the first and second io
enmbodi ment sangalation schense fasireke sharnel@stintationdr\detticelac TschmdlogfPl C, i n
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limted ingohi403 esgegct and nany variations 15 are possible within the
scope of the invention be clear to a skilled reader. In
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i ncl udi ng qﬁxﬁﬁ SAI LS Li.1S tO be understood that these units need not
be 20 physica “Ekgg%g$%?gpb%%ther, they may be sections of software running
on any nunber of physical processors. Reference: The foll ow ng docunents
are incorporated herein by reference: 25 [1] NIT DoCoMo, "Milti path
Interference Canceller (MPIC) for HSDPA and Effect of 64QAM Dat a
Modul ati on", Tdoc R1-01-0102, 3GPP TSG RAN1 Meeting 18, Boston, U S. A
Jan. 20@1 [2] Rong Hu; Aiping Huang; Hongyu Wang; Wi kang Gu, "Miltipath



interference cancellation and nodified rake receiver ", Vehicular

Technol ogy 30 Conference, 2001. VTC 2001 Spring. |EEE VTS 53rd , Y?l Eﬁ
2, 2001, pp. 1508-1512 12 SEP 2006 9 [3] Baltersee, J.; Fock, G; StP 2006
Schul z-Rittich, P., "A novel nultipath interference cancellation schene
for rake channel estimation,” Vehicul ar igechnol ogy Conference, 2001. VTC
2001 Spring. |EEE VTS 53rd, Volune: 2, 2001, pp.1493 -1497 5 [4] 3GPP TR
25. 848 v4. 9 fhysi cal Layer Aspects of UTRA Hi gh Speed Downlink Packet
Access. 10 EP 2006 10 Cainms 1. A nethod of reducing nmultipath
interference in a received wireless signal which contains conponents
transmtted along multiple paths, the nethod 5 including: determ ning
characteristics of the ths; using the determ ned characteristics to

sel ect, frdm andhgelined gﬁfer@cmg mﬁgtp}%h inferiergaee Ina rpaeived yireless siaRdls; for
at | east one of said selected pairs of paths, using the determned io
char act er i $thiel containg egnpanentsdmnsorided alangonutiple pathsi theamethadat i on; for
each of the selected pairs of paths, generating an estimate of the

i nt er f esendrclodingeen t hose pairs by generating an estinmate of the
interference between that pair of paths over the or each selected portion

of the signal determining characteristics of the paths;

using the determined characteristics to select, from among all pairs of
paths, a subset of pairs of the paths;

for at least one of said selected pairs of paths, using the determined

10  characteristics to select at least one portion of the signal duration;

for each of the selected pairs of paths, generating an estimate of the
interference between those pairs by generating an estimate of the interference
between that pair of paths over the or each selected portion of the signal
duration; and

15 subtracting the interference estimates from the received signal.

2. A method according to claim 1 in which, for a pair of paths labeled X and
Y, the selected portion of the signal is either the first Txy chips of the signal,
where Txy is the relative delay in chips between paths X and Y, or chips

20  (Txy+1) to SF, where SF is the spreading factor of the received signal.

3. A method according to claim 2 in which the selected portion of the signal

is the first Txy chips if, and only if, Txy is greater than (SF-Txy).



duration; and 15 subtracting the interference estimates fromthe received
signal. 2. A nethod according to claim1 in which, for a pair of paths
| abeled X and Y, the selected portion of the signal is either thel%§kPs200§
Txy chips of the signal, where Txy is the relative delay in chips between
paths X and Y, or chips 20 (Txy+l) to Sk; where SF is the spreading factor
of the received signal. 3. A nethod according to claim2 in which the

selected pgrtio i i Lrst o Ixy. chins .if,. _and on if, Txy
e oreater ¥han Gt ot Suhaechung ot i hBR sheral® s B3

receding ¢laimin ich the pairs of paths are selecte ased on a neasure
gf t he contqféﬁgh%%?s?%gni 'Egr"‘%rree?fége CBQVMR”P&S’%%"’S% ®€NG paths to

t he total | ti path interference in the received signal. 5 5. A nethod
accordi ng {Rét‘ﬁ? i thass prilheipaths do ptodal rawltipathhaterierease in the raseivede pairs
of paths which have the maxi mal power ratio sum 6. A nethod according to
any precedisigpatl ai min which the nunber of pairs in the subset is selected
based on operating requirenents and the determned to characteristics. 7.

A wireless receiver for receiving a wireless signal which contains
conponents transmtted along nmultiple paths, the receiver including: an

anal ysis um t f o ndeh&d BbEbrBmMgRHIART £lin m&ﬁhefsddélet 81815&@'5 id SeRcRf 5&} "

unit for using the determ ned characteristics to select rom anong a

pairs of p : t | ] he | ector unit being
operative, ﬁ%?aggofggg}% %ﬁéh%éngﬁgéeﬁgfég‘p%%ﬁ&@ Séﬁg'pat hs, to use the
determ ned . char,acteristics ,to select at | ea?t. one 'Orl:nti on of the sjgnal
dur ati on: 6. A method according to any preceding claim in which the number of pairs

in the subset is selected based on operating requirements and the determined

10 characteristics.

7. A wireless receiver for receiving a wireless signal which contains
components transmitted along multiple paths, the receiver including:
an analysis unit for determining characteristics of the paths;

15 a selector unit for using the determined characteristics to select, from
among all pairs of paths, a subset of pairs of the paths, the selector unit being
operative, for at least one of said selected pairs of paths, to use the determined
characteristics to select at least one portion of the signal duration;

an estimator unit which, for each of the selected pairs of paths,

20  generates an estimate of the interference between that pair as an estimate of
the interference between that pair over the or each selected portion of the signal
duration; and

a subtraction unit for subtracting the interference estimates from the

received signal.



an'estimator unit which, for each of the selected pairs of paths, 20
generates an estimate of the interference between that pair as an estinate
of the interference between that pair over the or each sel ected 1Jo§gp mpg of
the signal duration; and a subtraction unit for subtracting the
interference estimates fromthe received signal. 12 SEP 2006 12 8. A
recei ver according to claim7 in which, for a pair of paths | abeled X and
Y, the selected portion of the signal is either the first Txy chips of the
signal, where Txy is the relative delay in chips between paths X and Y, or

chips 5 (Txy+1) = ere SF.i s, the, spreadi factor of the r i ved
signal . 9. )%A red%??/'gerﬁv%{\é%%quﬁ“ﬁg t?&'adﬁngﬁ lﬂp‘ﬁﬁﬁcﬁ f;a%iacﬁ’?'f ﬂfeF’%%Pé%?%ﬁgx%"ﬂ on of
the signal _is the first Txy chips if, and only if, Txy is greater than
(SF-Txy). 10 ﬂ}e.se 91%%89{?&’%/ %fégersm?é'St%'tfsﬁwh%%'r%ﬁaqyr@“ns ebthe signathi ch t he
selector unit is_ operative to select the pairs of paths based on a neasure
of the contWheygtDonsdhe relative delayfie cbinsdoetwenppathhsand¥i oschips pat hs to
the total nultipath interference in the received signal. 15 11. A receiver
accordi g t(dxyt+ )i tm IO, whenshSE fis tHeesrebdieg fattopaf e ictepeldesigesl. as the

pai rs of paths which have the maxi mal power ratio product. 12. A receiver
according to claim10 or 11 in which the selector unit is operative to

sel ect a nunber of pairs of paths which depends upon on operating 20

requi rementg andy Fé&i@tﬂc@&ﬁ%@ @%’irﬁ% ﬁ_r\kﬁikt\ e seRctdd HOTBHYs e %ﬁﬁﬁlﬁ )

systemincluding at |east one el ess signal transmsSion unit

least one hegRl 2t T3 CRIBY i o, Py & GHelfer thh ($F:Txy).

10 10. A receiver according to any of claims 7 to 9 in which the selector unit is
operative to select the pairs of paths based on a measure of the contribution of
the interference between those pairs of paths to the total multipath interference

in the received signal.

15 11.  Areceiver according to claim 10 in which the subset of paths is selected

as the pairs of paths which have the maximal power ratio product.

12.  Areceiver according to claim 10 or 11 in which the selector unit is
operative to select a number of pairs of paths which depends upon on operating

20 requirements and the determined characteristics.

13. A communications system including at least one wireless signal

transmission unit and at least one receiver according to any of claims 7 to 12.



