v ; e38@T6T@Yy 2 ~ FEe zaas Methods and Apparatus for Reducing Signal
Degradation Field of the invention The present invention relates to nethods
‘and devices for reducing noise in a s signal received and req tHEgn 1 tted by
a relay station. The invention is particularly suitable if the si I
received by the relay station includes Inultipath interference. The
I nvention further relates to a relay station, such as a single frequency
relay station. io BaqletheH8and odart¥es Fok RBHAEINE!SIGnSITeAra8atich 9 t al
Broadcasting - Terresirial) BSI and segnen ransm ssion -
ort hogonal frequency division multiplexing) systemis an exanple of what is
often called a "single frequency is network™ (SFN). In fact, the signal is
general ly que ¥B of nultiple carrier signals. Each carrier has a finite,

t hough nar fows OBange, and when we tal k about the frequency of a
single carrier signal, we nmean the center frequency of the 20 narrow range.
For nul ti - clver present inMentiars relates da onethedormmidenices foomrluTingraisenn aach
carrier has a different respective center frequency, and the frequencies
ar e ort logaignal receivedh and hetranshittediby ia-reteyr statiors.i Theainvestidrhis sum of t he
signals of the nultiple carriers and is a w deband signal which has a y

~S 221 F%ﬁrﬁ&ﬂ@rlyﬁ%ﬂﬁleifrtﬁé%WrédEWedTW ﬂwé@l‘é)ﬁétaﬁbﬁ%&lﬁﬂé’s i's here
referred to as the

multipa;th interference. The invention further relates to a relay station, such as

a single frequency relay station.

10 Background

The ISDB-T (Integrated Services Digital Broadcasting — Terrestrial) BST-
OFDM (band segmented transmission - orthogonal frequency division
multiplexing) system is an example of what is often called a “single frequency

15 network” (SFN).

In fact, the signal is generally made up of multiple carrier signals. Each
carrier has a finite, though narrow, frequency range, and when we talk about
the frequency of a single carrier signal, we mean the center frequency of the
20 narrow range. For multi-carrier transmission, such as OFDM in an ISDB-T
system, each carrier has a different respective center frequency, and the
frequencies are orthogonal to each other. The multi-carrier signal is the sum

of the signals of the multiple carriers and is a wideband signal which has a
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< frequency of the signal. In conventional broadcasting, a signal received by
a relay station at one s frequency is re-transmtted at another re%uency
'in order to avoid interference. However, by contrast, in di { AEB 2003
broadcasting, because of the scarceness of frequency resources) it is
usually required that same signal is ré&transmtted at the same frequency
(i.e. over the sane range of frequency) by all transmtters to network". is
This is wh ' e ugn [ 1 bl ock
o agr am of T Teangy K LB el Ry R e Rt AT 2l 2
referred t I r er). To relay the terrestrial digital broadcast
w th SFN, m&ﬁfgﬁﬁlﬁ @gﬁg\t’rom a master station by an antenna 3 are
anplified by a relay broadcasting system4 and re transmtted by a second
antenna 7 at the sane frequency. The waves 1 include a nmaster signal and a
| evel of distortion. The field strength of the transmtted wave is very

i nt ense corpaeanyentionalt bepadeasiyig,t & sigral dieceivedalye.a selarostgtion &l erei vi ng
antenna 3 is directed to the nmaster station, the transmtting antenna 7 is
arranged wiftegquendyr ést rertrapsmitiech atatariotisert heequeay oh iorders eboviamidir ea,
and the radio wave is normally radiated at a wi der angle. Therefore,

coupl i ng vayRpfePerties M@REVere bybyortfst! RC Bigital $réddc@RiAg Sbétaiwsd ¥ Bhe Whi ch
increases with the directivity index of the 1 21 FEB ZUU3 3 transnitting

antenna 7 tof el Gt rbSGurtes St v &Jé}gt%'atﬂge@ﬁg&’ dsa?rﬂ@}é:?%r?aef'i W th

t he direct|V|i-y I ndex oqq{érqgilrecel VI ng antenn Irec n of the
transmtting.,antenpa,7, JFurthernore, the coupl.jng waves 5 include
component s TBTASEERY AL e amE T inck e &V4h hASATH fgesiEedtiEhevini ch s
reaches the receiving antenna 3 after being reflected by structures, trees

and nount ailt¥s alclsansmitterse| Ahissisawhah.is apraaybynthey termhesivglanifiedyenayes 5

are a synthetic 'signal having a varying delay tine, intensity and phase.
10 network”.

Figure 1 shows a block diagram of an example of the configuration of a
known relay station (also referred to here as a repeater). To relay the
terrestrial digital broadcast with SFN, waves 1 received from a master station
15 by an antenna 3 are amplified by a relay broadcasting system 4 and re-
transmitted by a second antenna 7 at the same frequency. The waves 1

include a master signal and a level of distortion.

The field strength of the transmitted wave is very intense compared with that
20 of the received wave. Although the receiving antenna 3 is directed to the
master station, the transmitting antenna 7 is arranged with a directivity which
matches the shape of its service area, and the radio wave is normally
radiated at a wider angle. Therefore, coupling waves 5 are received by the

receiving antenna 3 at a level which increases with the directivity index of the



-y A repeater including a cancellation algorithmhas been proposed. As shown
toin Figure 1, the anplification system4 of the relay station includes
‘not only an anplifier 13 but also a coupling waves cancell a4 1 FiEuiss 9 and
a BPF (bandpass filter) 11. Note that the apparatus in Figure 1 is
simplified, and in practice often incl ddes additional conmponents such as
D) A converter(s). ~s The coupling waves cancellation unit 9 is
conventi on ol sed hg: i witRe L[ rtai ofy. of the
i ncom ng rgéh%mﬁgﬁ%sg@[régﬁngt Zetdrigg%eglr%??ﬂ% ?‘% tsrgng%lYlhgoﬁgma t3b dtﬁ‘he
master wave itself. . ver . this ass tion.i.s not a iate for a
ract car . pepusisel wit e diestyt o e retsiite R RBr AR I lect®iur s pacn
transm ssion channel (e.g. there_20 are nmultiple radi o paths between the
mast er st aPf dhe dransnidingepaignaasf bHrthemeere; 4ke pupiing svayrs & instude |1 n a
mul ti path channel, the distortion or attenuation of the master wave can be
serious at campanentsubbithe isignadritansmitted byvthe trapamittioglantemnaquahioh r ange) ,
especially when the anplitudes of the paths arriving at different tinme are
the sanmg. Téachestheakteidinhrateemsey aftet being reflectedb R 80Gctdress tieesiare f adi ng.
In the presence of deep frequency sel ective fading caused by such nmultipath

| nter f e engiourthifis (R 908 OB stafiip|CietRARY el SSUHRG WARRIStardiy K wel |

and di verges, because the conventional coupling cancellation unit algorithm

Fur ¢ hor mor & PUF SEeF iR Wy 6Rstad B ARGk bR CT 0L o1

between nmultipath interference and coupling signals in the received
signals. Moreover, for non-coherent nodul ation, the conventional PSK (phase
shift keying) estimation nethod cannot work well if there is a nultipath
channel . "t & Epeaterdnpiuding A raacekationcalggrithnmiiasi keerpioposedefs fb®Wrary with
time. Thus, a further advantageous feature of a cancellation unit is that

t he handwaire Figuwe ek she@mpldicdtish systend éfathie retmugtatipo inglddes nohenbdapt i ve
filter of the coupling cancellation unit. The tine taken depends on the

armylnt bIOf @AMBMpfiero N3 rKiuAIEE th IcoupRid Walesheandeationurdtnd ame shBFfnar e
avai |l abl e.
(bandpass filter) 11. Note that the apparatus in Figure 1 is simplified, and in

practice often includes additional components such as D/A converter(s).

15 The coupling waves cancellation unit 9 is conventionally designed based on
the assumption that the distortion of the incoming radio waves from the
master station is small compared to the master wave itself. However, this
assumption is not appropriate for a practical repeater transmission
environment which generally has a multipath transmission channel (e.g. there

20 are multiple radio paths between the master station and the relay station,
each taking different times). In a multipath channel, the distortion or
attenuation of the master wave can be serious at a particular frequency (i.e.
over a particular frequency range), especially when the amplitudes of the

paths arriving at different time are the same. This is called frequency



15 Summary of the present invention The present invention ains to provide a
new and useful method of operating a relay station, and a cancel |l ation
‘circuit for a relay station. 20 The present invention propdsesEBn28Ener al
terns that the transmtted signal is interrupted (e.g. by interrupting the
connecti on between the cancellation circuit and the anplifier) so that the
multipath interference can be estimated in the absence of coupling.

Sub tl : ; 1 S84 i - . h
Sise e i ATy i 4o, oy sl S e

interferen n he,. pl.ing. ecj fi 1 fl St : .

i nvention %&og%ﬂbb@t'%ﬁh'hter%;eﬁg itll'\?i ﬁ@‘@ﬁt'ﬂbgb§WJQE%0FS§&§‘%&JPQWWEI of
digital filter coefficients for use by a di ita‘1 filter which is a
conponent &BNEOY awatk swalli gRd divergesa %"@A’g?oﬁ %u&@&%‘i‘tﬂ,ﬂa\i £eHRing ng a
first signal, nodifying the first signal using the digital filter to forma
second si gieanhceligtiont unih sigorithmglaasencidaka dheiafiest oﬁmaﬁtimtblinfarfeaem@w, sai d
first signal including a master signal transmitted through a nultipath io
transm ssi omtocdevonat. PUrthErmose sitlig eety difioult! for paichay statioh eoadistthguisi he sai d
transm ssi on channel and a coupling conponent derived fromthe second

signal , theeciRE&PHA hiiftet@redde ah@cRUPIMY siphafirdtte” Rlteiedssighalef t he
second signal; (ii) deriving an estinmate of  sald nultipath interference and

storing theg,i [ ul 4 h,.J fer j pdi i/ ing said
transm ssi mé%f)g?{’ie%gggg;g ﬁgﬁaﬁoﬁgﬁﬁoﬁi {%Q%Q%w%?spa#% (h?‘a‘%%}“ﬁ ilter
coefficients using,.sai.d stored multipath interference estinmate and said
second.si o eV soydatien ethod cARaotREl wel idhertuS Amu BNl and sai d
master signal. 20 Step (iv) may be repeated iteratively so that the

di fference between said second signal and said master signal is
successively reduced. To nonitor the degree to which the relay circuit is

succesgbul Bathrcedplingintetierehee @andmuttipatht mterifereace eaenedth timéi Thus,Ear anet er
of the relay system characterizing the 2s 2 1FE8 2008 6

further advantageous feature of a cancellation unit is that the hardware
processing speed should be fast enough to update the adaptive filter of the
coupling cancellation unit. The time taken depends on the amount of

computation required to perform the updating and the hardware available.

15

Summary of the present invention

The present invention aims to provide a new and useful method of operating

a relay station, and a cancellation circuit for a relay station.

20 The present invention proposes in general terms that the transmitted signal is
interrupted (e.g. by interrupting the connection between the cancellation
circuit and the amplifier) so that the mulitipath interference can be estimated
in the absence of coupling. Subsequently, the transmission is resumed, and



- di ff'erence between said second signal and said master signal is repeatedly
derived. Step (iv) may be repeated until the value of said fizﬁthggﬁﬁeter
traverses a predefined convergence val ue. Thereafter adjustneht of the
filter coefficients may be stopped, or optionally further adjustnments nmay
be carried s out, e.g. to conpensate for variations in the coupling
conponent, neglecting the stored interference estimate. This nay be
adequat e il a: theamilti ! i raxl tant,
but ae.  he TS PIATRETNRH s pBRcted B BRE BRI R BBl B AR R
Accor di ngl yandaheeoaplingrar anet er of the relay station, also characterizing
the difference between the io second signal and the master signal, may be
repeatedly derived, and when the second paraneter traverses a predefined
di vergence value, said steps (i) to (iv) may be repeated. Note that the

first and SReRfkafy Shea iR i the TEMRN! HROPS3ER a Méthdd of Mhsdifase the
di vergence and convergence val ues are chosen to be different, so’'that there

i s a rafge te valuaeseef agiutality of digital fikepaeefficiests far wee by adigital fiterto (i v)

t bei ' R Ly, I ' difi he first
S anar by pteT 62 ceoribnenl & & B8V olelin. B teR St St S, S
i nput 1 eceirgtsigingefifst signat, raodifying thefirs? wighsl usingPhetdigital Sated t6 esramnd
signal. The cancellation unit includes the digital 20 frlter and a.
subt r act er .2 eeondhpignabranchapsupting dhe secend signsh with ampdifieatiams@id t o t he

ubt 1 acter ad FhaURIIY, 4NFARM AT bR AR dnldhS A Rhyp t e

cancel I ati on unit and e digi he 'subtracter

subtracbs trahsmission ohanhbewhiahi isasubjédtiter rhuktipathhinteréerenve dn thgrsalid s
2 9 FEa 2003 The rel a sta}ioafurther i ncl udes a(rﬁi,arrplifier to anplify the
second si giEANSPUsSieR Ghannel apda Rouplng cempanent qativedefromothes8aceid ween

t he cancel Igtdfn i amlifier, as the neans for interrupting the
doa?, %%hﬁtﬁé@cé@ﬁrlé‘lﬂﬁ.

transm ssio s second sighal. The step of nodifying said digital

filter coefficiopts-MRNRG sBRY §HeMidsiofi%f the second signal;

(ii) deriving an estimate of said multipath interference and storing the

15 derived multipath interference estimate;
(iii) resuming said transmission of the second signal; and

(iv) modifying said digital filter coefficients using said stored multipath
interference estimate and said second signal, to reduce the difference

between said second signal and said master signal.
20

Step (iv) may be repeated iteratively so that the difference between said
second signal and said master signal is successively reduced. To monitor the
degree to which the relay circuit is successful in reducing the (e.g. multipath)

interference, a first parameter of the relay system characterizing the

25



. explhai ned in detail below, by operations in frequency space which produce
results which are then converted into tine space by a discrete inverse io
‘Fourier transform and then used to nodify the coefficients. T deguat el y
remove nultipath interference, the nunber of digital coefficients @ e tap
|l ength, M itself need be no higher thah approximately the product of a
first value (e.g. 15ps) representing the nmaxi mumdelay of the is nultipath

si gnal and_diﬁéreﬁEz tfe%\walag%i& 5B S } 2hd sHM'%aé’t@ﬁé@ﬁﬁl rsomrb@:a&édwal ly

the tap weights .are found by an interpolation over all “the carriers” of the
mucn sl | GieERpatebr NG el che RePed EH R BE (G S sBs! BRIADFS 1

i nverse Fourier transform according to the esent invention ef erably
gener at e dTaHGRRS aGredeIRediEARYERORAe YalUGH T bereatian pdistentol theriler ar ger
than (e.g. up to twice or three tines) the tap length of the digital
filter. jccefficigrtsmay Rectepprs, g& wptianally hirthen aginstmentsonap e carred domai n
points to sufficient accuracy) the | FFT need only operate on a nunber of
frequency dmutpery.poicotpensSate faralariations én $ie cotpliny campbnétite negleeting der ,
such as the nunber of output tinme domain points nultiplied by the ratio of
the nunber b digidd Rfsrfdrenédestimate Thiemallbe aBeqeateashie HORUtiRARt
i nprovenent in efficiency in relation to the conventional nethod, and in
ef fect consti nd en asmasht Ofputhed N t W ichis
appl i cabl e%ét/égrlétrlgﬁcgag@gﬁﬁ mﬁ?ﬁgﬁxmﬁ% SSi oﬁﬁtbf btutct) t ée tsf?;ohgmgégﬁal IS
not interruB ed as expl ai nﬁd ﬁ'bﬁée' Ac ordigg tq tg{s stﬁcolnd aspect .. the
i nvention d t%%é%%cea R0l ¥ Eﬁ)m?i St AT Ge 1 GPT n%VuraalsieP9n(3f
digital filter coefficients for use by a digital filter which is a
conponent oﬁarameé%gf thegelayrstation aley ﬁbafﬁcéﬁrlztﬂ?g the diffetancs Wwef‘ébﬁi ving a
first signal, nodifying the first signal using the digital filter to forma
second Hi gnsecondnsighalaarxhihe masternsigsalc oray bé gapeatediyhdeningd, fandawhen, sai d
first signal including a master signal transmtted through a

the second parameter traverses a predefined divergence value, said steps (i)

to (iv) may be repeated. Note that the first and second system parameters
may be the same, but in this case the divergence and convergence values
are chosen to be different, so that there is a range of values for the system

15 parameter in which steps (i) to (iv) are not being carried out.

Preferably, the relay station modifies the first signal by passing it through a
coupling cancellation unit. This has an input receiving the first signal and an
output outputting said second signal. The cancellation unit includes the digital
20 filter and a subtracter. The input of the coupling cancellation unit is an input
to the subtracter and an output of the subtracter is passed to the output of the
cancellation unit and to an input of the digital filter. The subtracter subtracts

the output of the digital filter from the received signal.



\

mul ti path transm ssion channel which is subject to nmultipath interference
in the said transm ssion channel and a coupling conponent derived fromthe

*20 second signal, the nmultipath interference and/ or coupling conponent

having a maxi numdelay time, each of the digital filter coef¥{ ¢icgnjyp of the
digital filter nodifying the first sigrnal at pairwi se tinme delay intervals
Tp, the nethod including: deriving a discrete Fourier transformof the
second si gnal ; 5 21 FE9 2003 9 enploying said discrete Fourier transform
of the transfer function to derive correction values for said digital
filter coefficients expressed in the frequency domai n; and transform ng

sai d corr ecfheorelaplstation furtherhncludes athoamiplifiéry teaamptifye thee secmdi sigral
transformoperation, the digital filter coefficients being nodified based

on the ti myaloritis HAnERTEP N SHitdRSmaiMRy SlovidddBetNeethutHe @ancElafionl t he
nunber of digital filter coefficients 1s substantially equal to the maxi num

del ay time ffit HO§ t%é}épﬂﬂbh 44t Mmooy lifteRl) {irgé & YRk A FOTRPRREL Of

the first signal e I'nverse Fourier tran m generates an nunber of
out put tinme dorrgi n v:11I ues equal to or slightly larger than the nunber of
di gi tal fi I$8&PE M cients. is In either aspect of the invention,
preferably, the master signal is in a format (differential nodulation) in
whi ch synbol s are coded by differences between consecutive segnents of the
master signal. The adjustnment of the digital filter coefficients may then
be perfornmed by a process which is based on estimating the differences

bet ween conBe step of seedifting seid digitahdider coefficiinis anay ibeepedegned.t 8sg an
estimation of what the naster signal was in absolute terns. For exanple,

t he mast er esipiainéd rimydetail belowv, RKoperativhsiin fréyuancy rspaceswhichsprgdate encodes
synbol s by phase differences between consecutive segnents, and the nethod
may i ncl udgeggitd Wit dareNthel IcoAVERESSNREtINRESpace by a discrete inverse

10  Fourier transform, and then used to modify the coefficients.

To adequately remove multipath interference, the number of digital
coefficients (the tap length, M) itself need be no higher than approximately
the product of a first value (e.g. 15us) representing the maximum delay of the

15 multipath signal and the FFT sampling frequency (fs).

Thus, whereas conventionally the tap weights are found by an interpolation
over all the carriers of the signal, the present inventors have recognized that
this is inefficient. A much smaller number of virtual carrier can be used.
20 Specifically, the inverse Fourier transform according to the present invention
preferably generates a number of time domain points which equal to or a little

larger than (e.g. up to twice or three times) the tap length of the digital filter.



-1 21 FEB 2003 10 the phases of consecutive segnents) e.g. rather than
trying to estinate the phase of each segnent individually. This is
particularly useful in determning the transfer function of Ekﬁ_mrel y
station. s In fact, this technique constitutes an independe% t4 A4 aspect
of the invention, which is a nethod of &wodifying the values of a plurality
of digital filter coefficients for use by a digital filter which is a

conponent ofy §eﬁ<§’ia ytrﬁé ahh&g@{i&%tﬁ.ﬁltﬁb{? %?&aiiﬁrboﬁﬂsgﬁ%ﬁmf‘én%f dcGRicyl N9 a

first signal, no I ng t rst signal using the digital filter to forma

second sig . m.tf] ' | it bf ] i on,
sai d i1 st B JrE] ekBrA kbl g pL SR S M A el SR LR T
master signal .bejng . in a format in which s ol s are coded by differences
ot ween' cotaBiTEDVENGBy el 1 sant STRe, SHeB gmis RRParHe U e
conponent being derived fromthe second signal, the nethod conprising: is
(i) derivi fipragineReinisamuiltipliedi by &%m@&obéhWQ@n@fe@@mmt@gBﬁé?ﬁE of the
master signal; (ii) deriving an estimated error in said estimtion of

di f f er escesidmet ween consecutive segnments of the master signal; and (iii)
nmodi fying said digital filter coefficients to mnimze said 20 estinmated
error. The invention also relates to a cancellation unit arranged as

di scussed above, as well as to a relay station incorporating such a

cancel | ati orhigibroduces M Bigmficts mpralerien®fint Bfficldr@y’ BS rélatiohE® 3
Enbodi ments of the invention wll now be expl ained for the purpose of

examl & onl oy Wil d) A EHEACEnd B &St cBhb A bl Bhuehfisdllriaspadt 9ure 1
is a block diagramof a relay station systemn
of the invention, which is applicable even in cases in which transmission of

10 the second signal is not interrupted as explained above.

According to this second aspect, the invention proposes a method of
modifying the values of a plurality of digital filter coefficients for use by a
digital filter which is a component of a relay station, the relay station
15 successively receiving a first signal, modifying the first signal using the digital
filter to form a second signal, and transmitting the second signal with
amplification, said first signal including a master signal transmitted through a
multipath transmission channel which is subject to multipath interference in
the said transmission channel and a coupling component derived from the
20 second signal, the multipath interference and/or coupling component having
a maximum delay time, each of the digital filter coefficients of the digital filter
modifying the first signal at pairwise time delay intervals T,, the method

including:

deriving a discrete Fourier transform of the second signal;



. Figure 2 is a block diagramof a relay station including a coupling

cancel l ation unit according to an enbodi nent of the inventi on Figure 3 1is
a bl ock diagram of using digital signal processing to estl Eaﬁﬁsl lter

coefficients in the arrangenent of Figure 2; ~o Figure 4 |I 1E

met hod for calculating the transfer furfction for PSK-COFDM F| gure 5 shows

the layout of a-pilot si gnal Figure 6 shows sinulated |earning curves for

(5&;2483%??.“”50?33* ofthg é”%ﬁ@%ﬁ%fﬁéﬂé‘?lﬁﬂféﬂ?ﬂ%g f?ﬁ:.fé'v s and
b CROVERIRE trs %ﬂeﬁ“nﬁv?s B SRicE HBHaF Wfigr, coBfldtds Spiede e 1 or

DUM=9dB, 2dB, u=0.5, and | FFT of 256 points; ., 2t ~E8 2003 12 Figure
8 shows si Kedey demain; @'%urves for a 64QaM OFDM cancel l ation unit with
and wi thout channel pre-estimation for DUn=5dB, DU=2dB, ~,=0.5) and |FFT of

256 points; Figy H?ﬁq:? i bSAécﬁA S
cancel l ation unl r{a‘ﬁsﬂ)ra ??p%hﬁlﬁanngféﬂh#ﬂtwms?ggﬁaﬁg h‘t}vé!ﬁ%:: pre
estimation; u shovvs ean heS rati o [ ecei ver;
Fraure 1o ERAHE! AReoaRLpaatdh e il BES Foath dpns R rReBlp EarsEs | at on
unit in a nultipath channel w th various aI gorl thnms for DUn7dB, io DU=2dB,
w=1, and |mﬁhsft'%dom'mﬁgrreﬁi%wuq% shows sinul ated | earning curves of a
~/ 4- DQPSK- OFDM cancel l ation unit in a nmultipath channel with various
algorithms for QU=2dR) ~ =1, and | FFT of 256 points; and Figure 13 shows
sinmul ated |l earning curves of a ~/4-DQPSK-OFDM i s cancellation unit in a

mul ti path channel with various algorithns for DU=2dB,
the product of T, and the number of digital filter coefficients is

substantially equal to the maximum delay time of the multipath interference

10 and/or coupling component of the first signal, and

the inverse Fourier transform generates an number of output time
domain values equal to or slightly larger than the number of digital filter

coefficients.

15 In either aspect of the invention, preferably, the master signal is in a format
(differential modulation) in which symbols are coded by differences between
consecutive segments of the master signal. The adjustment of the digital filter
coefficients may then be performed by a process which is based on
estimaiing the differences between consecutive segments of the master

20  signal, i.e. neglecting an estimation of what the master signal was in absolute
terms. For example, the master signal may be in a PSK format in which the
master signal encodes symbols by phase differences between consecutive

segments, and the method may include estimating the differences between



v W=0.'5, and | FFT of 256 points. Detailed description of enbodiments Like the
conventional system di scussed above, the present enbodi mentztvg.? 20 the
general structure illustrated in Figure 1, but the coupling 852003
cancellation unit 9 is as illustrated in Figure 2. The optional BPF 11 of
Fig 1 129 FEB 2~3 13 is omtted fi@mFig. 2 for sinplicity. Likew se,
Figure 2 omts any AID converters) in the system Figure 2 shows the detail

of the coupjd i i [PaTod : i ng
coupl i ng. i LPEEEY B FARREL R briph, 81 (R Inan MENS Rl

br oadcastin nave rel_]a stati.ocrjl..Thﬁ rcE@t er sh&r&jﬂl S )ﬂ(,lf]izntﬁitn t he
frequency POREE P )?(at9~) e,ng‘ntdﬂ ||v§1u§ ¥1j £ % §2 Effbla‘t'% IFERINS h(t)
(H(c~), in the frequency donain, is the nultipath channel transfer
function), thetrapsfes fignction ofshe eelarstatione naster station and the rel ay
station, to produce a to signal r(t) (R(w) in the frequency domain). The
signal R(w) fromthe master station is given by R—~~=X~w~.Hw (1) A
coupling wave is added to r(t) (a process represented here by the notional
adder 17), to produce the signal received by the antenna 3, here called

i(t) iss(l(e~factn thisetdohaiuenoondtittites)an Andeéndeeit ethitld aspeutasf the
subtract the coupling signals and nmultipath interference fromthe incom ng

signal i (UinvéHiteR, Whie'®s b titthod oft eariiR e Bluddof Apiane) by aigitaR 11 ter

21 is fed the output of the subtracter 19 and 20 connected to the

subt ract i ngyb e RLARlerdl h"Ges Wit LARAEY e MEhds Y BbirBbnehOBRl pigFessi ng

bl ock 23, estima acteristics of coupling pa
multipath, is.fed the output of the.sybtracter 19 and provides.the FIR
(1 ter o1 Ao, e deFHaten Reposily rePeiG. S tfCsoBhl modhing s | s
i nserted between ) et . e

first signal using the digital filter to form a second signal, and transmitting the

10 second signal with amplification, said first signal including a master signal
and a coupling component, the master signal being in a format in which
symbols are coded by differences between consecutive segments of the

master signal, and the coupling component being derived from the second

signal, the method comprising:

15 (i) deriving an estimate of differences between consecutive

segments of the master signal;

(i) deriving an estimated error in said estimation of differences

between consecutive segments of the master signal; and

(i)  modifying said digital filter coefficients to minimize said

20 estimated error.

The invention also relates to a cancellation unit arranged as discussed

above, as well as to a relay station incorporating such a cancellation unit.



.2 1'FEB 2003 14 the subtracter 19 and the anplifier 13 to control the relay
of the broadcasting signal. Wien the switch 25 is switched on, connecting
the subtracter 19 to the anplifier 13, the signal after cancg I17Fat|on
through the subtracter 19 is transmtted through the antenna

switch 25 is switched off, s switchingldff the connection between the
subtracter 19 and the arrplifi er 13, the output signal of the subtracter 19
is not transmtted and hence there is no coupling wave in the incom ng
signals. Supposing the characteristics of coupling wave frequency are C(~),
the gains to and frequency characteristics of anplifier at relay station 13
are G c~). Biefdese N of thediguires st udi ed i n baseband, G(c~) may be treated
as not i ncluding an effect fromthe antenna or any up/ down converter. The

signal fre ristic servtron evvrrtten £as
S0 e THIRBRMIETEE e e, ieloR ) AEh: B, p BRER, fargMen limarS 2% 1y
expressed by is the foI | om_ng equation: Now supposi v%yt hat Ww) is the

f requency hample only pithsreferepge te the tallowingofigures« in Whickiubst i t ut e equation
(2) for (3), and rearrange it as follows: R(~) S(r~~ =1 ~gr~~. w _ W
(~—~~ (4) 1° ting equation (1) for
(4), we express t LéFeeJI ll.lagl on ?ﬁaé%ﬁ%ﬁf)?}r’%&l\g%ﬁa é}nslé%ﬁdhently transm ssi on
function F(~) of vvhoIe the systemis expressed s with the foll ow ng

equation: F(~) ‘Figure 2_is &l(bidcK diadgram{ 6 8 rel@y ~stafidn (ngluding a coupling

he

cancellation unit according to an embodiment of the invention;

Figure 3 is a block diagram of using digital signal processing to

estimate FIR filter coefficients in the arrangement of Figure 2;

10 Figure 4 illustrates a method for calculating the transfer function for

PSK-OFDM;
Figure 5 shows the layout of a pilot signal;

Figure 6 shows simulated learning curves for a 64QAM-OFDM
cancellation unit, using IFFT algorithms with 2048 points and 256 points

15 respectively, for DU,=6dB, DU=2dB, 1=0.5 and two values for the coupling
delay;
Figure 7 shows simulated learning curves for a 64QAM-OFDM

cancellation unit, with and without channel pre-estimation, for DU,=9dB,

DU=2dB, pu=0.5, and IFFT of 256 points;



.~ Using this formalism we can anal yse the behavi our of the conventional

met hod of canceling coupling waves di scussed above. In th ﬁq%\éentl onal to
method' it is assunmed that fhe distortion of the inconming ra s from
the master stati.on is small enough. That neans that Hw) - 1. Then the
systemtransfer function can be wittenZas 1 F(r,~)-1- f3§~).C(~)_Wrv)} In
this case, to cancel the coupling waves, ~)~C(~)=W~) is required In ~'S

other words, thg gﬁ’e'h@'shFobvsRéi thFa?édtlré%Flﬁﬁ rchivast | \‘&“ S64‘€$WM

C(w) . Now settin e tap-wei estimation error at e I +1- t(g |terat|on

is Er(w ) t he
updati ng t&%&l‘%“iﬂ L\Wet Y‘é)tp 3WQ Wﬁné%t &héph%l py%féﬁ%lag%qurfép)ﬁ‘esgﬁange in
t he tap-wei ght vecto at i-th.i tion 2 ~ FES zoos 16 OW+, (W) - Er (w)
and Er(w) [guc%ﬁ@rlé’l‘ da'E‘%'E'ﬁEO%rEﬁgrPGiﬁts'coupl ing can be cancelled. It is
expressed by the foll ow ng equation, which can al so be derived using the

o :v!tSeEiN'(I)'nglr e fﬁ?@itieWWwf%%@%ﬁa ' i Weeslﬁ%f”%”ﬁw””@mwap“ ve
(0" 0416) " b fidiar ikt 3514 i Biseth erEmbel Withiagts fadhaang chafnel pren

channel. W note that in Equation (9), F(w) should not be very small, or
t he cancel legtimationhit will to become very unstable and hence diverge. From
Equation (6), we know that F(w) is a function of multipath channel, H(w).

paths 15 not. vorryonts L OFOws e BERFHSTON ok S e BRETREEKERSY 1201 0 of e

first path to the second path, is small) there is a deep fading at sone

frequency and Hmgurd 19 heHovd ivaIBERY Idariing cliey &ifya SBDQPSKReOFDM e, it
i s possible that, the value of F(w) at some frequency is very small if H(w)

oresont | nbcéhcgﬁ%ﬁb%ﬁ@Wﬁ%‘*%ﬁa&ﬁa@sLWEP?a@“%ta%‘%ﬁgqﬁ? BURETERE of 1ne

resent 2o |nv io target of the couplin cancel | ati on
5n|t 9 05 t[d Sdé 1 and WEFT of0256 pomt g pt1ng

Figure 12 shows simulated learning curves of a n/4-DQPSK-OFDM

cancellation unit in a multipath channel with various algorithms for DU=2dB,

pn=1, and IFFT of 256 points; and

Figure 13 shows simulated learning curves of a n/4-DQPSK-OFDM
15 cancellation unit in a multipath channel with various algorithms for DU=2dB,

p=0.5, and IFFT of 256 points.

Detailed description of embodiments

Like the conventional system discussed above, the present embodiment has
20 the general structure illustrated in Figure 1, but the coupling waves

cancellation unit 9 is as illustrated in Figure 2. The optional BPF 11 of Fig. 1



cancel the coupling waves and the effect of multipath channel and hence t
2 1 FE8 20p3 17 recover the original signal fromnmaster station. That is,

the output of coupling cancellation unit 9, S(c~), will cond&rRE8 pggs be

al nrost equal to master station output, X(w), i.e. F(~) - 1 (11) s To hold

this condition, the optimal FIR filter 18ransfer function is devel oped as

foll owi ng, W-p, (w= ¢ ~~~ C(r~~+H(c~~-1 (12) Usi ng Equati on (6) and (12) in

8 [a—

(0T G oot SR LRyt S e,
trolled to t I b | led. Th h t hat

cortT O, LS AR BRI 19,520, e cancel o0, Then e o et

Then Equation (13) is converted as follows: 1 s ON+, (~) ~-- H(~ 1- F~—~) (
15) This result is a little different fromthat of conventional nethod in

whi ch the multipath channel effect, H(w), is not considered. Now let's see
what will happen if Hw) is ignored. 2 1 FEB 20p3 to OM+O-W F ~ 1 S(~)
(16) H(~~+Eigure 2( shows e dgtail -of fhencaupdinggwavée cancetigtionvwsinitnand tthat when
VI/(w) approaches Wpt(w), ~W+~ (w) approaches zero. In this case, the

mul ti patsh qirinipdé of dankelingpsouplingl waves between the tfANsmitting) and\meeitingan be
concluded that in nultipath channel s when H(w) approaches 1, the coupling

cancel | ati ofhtemhas 8f breabkasitiy wabe Yéla Whatidre rrhtehﬁasiéa%imial hag(t) @hge
frequency selective fading, the cancellation unit 9 may be very unstabl e.

From Equat e frdmlencffadmaill X5, WhichPisc8lbi8at tdRttiddtR iRtererBAtd nftfanne!

(H(w), in the frequency domain, is the multipath channel transfer function), in
the channel 15 between the master station and the relay station, to produce a

10 signal r(t) (R(w) in the frequency domain).

The signal R(w) from the master station is given by

R(0)=X(0) H(o) (1)

A coupling wave is added to r(t) (a process represented here by the notional
adder 17), to produce the signal received by the antenna 3, here called i(t)

15  (l(») in the frequency domain).

A subtracter 19 is used to subtract the coupling signals and multipath
interference from the incoming signal i(t) which is one input of the subtracter
19. An adaptive FIR filter 21 is fed the output of the subtracter 19 and
20  connected to the subtracting terminal of the subtracter 19. And a digital signal
processing block 23, which estimates the characteristics of coupling path and
multipath, is fed the output of the subtracter 19 and provides the FIR filter 21

with updated FIR filter coefficients. Moreover, a switch 25 is inserted between



+to information, we can apply the channel function H(w) to cancellation unit
9 and inprove the system perfornmance. However, it is very ﬁg{&jcult to

i npl emrent the equation (15) directly. Since for repeater tHe £8e003d

signal includes not only the coupling wave but also the nultipath

interference, it is alnost inpossible té distinguish the two factors and

extract H(w). Therefore, the is problemis howto obtain the nmultipath

channel i N3 gBbirater TOCrRtHRCUBerofs foGorRfot R Felhy 6P Rid Bddbadiify at ed by

switching off the swmtch 25 to stop the connection of the coupling

ronal re. Shardvierit Sfa28) i Avitanbd o S fcfog e Wbl RIS 07

coupling waves in_the, ncomn ignals at the relay station. The estimation
of Ul £ pathS Rl HringesiBhek ats gandeliztd.frio b st svBitaste! 15 & | e
Channel Pre-estimation (CPE): we s control the repeater not to transmt

si gnal unt itranspatted | thrgughh the antenna . cdthenathed switeht 22 is epwitghad off,
environnment, it is usually assumed that the transm ssion channel is

st ati onary switching offighé icornectibri betweeaxthet subdracteret® aind ith@ tanfplifiéy 18 om t he
master station antenna to the relay station antenna. This inplies that

mul tipath Eoutptaigha of iNsdstratén o i kotaharymsittedlanl héndethep &gyt for a

long tinme within which cancellation unit can converge conpletely. At the

begi nni ng, the: . mt the signal fromthe naster
station. Sickggllg§a{%§’}e§ﬁrtr}gér)reﬁﬁ:t&’ri'?\%rgyn%gno coupling, the repeater can

estimate the nmultipath channel information, H(w). The required duration of
time to stop transmi ssion to estimated nultipath channel information is is
only several mlliseconds. After starting to repeat the incom ng signal,
the coupling cancel | ation unit can use H'w) to conmpute the ta@‘-wei_ght
VIT(~) wi tIHRRASHY e ghesacterislicspigaupling Wavs: frequaney arg ¢~ (s1 olbe gains

i npl enent the CPE nethod is shown in 20 detail schematically in Figure 3,
wher ei mot hearndéequegcy | graabstetistics @f namp)ifierr at tretays stationd 18nace fGRguency
domain using a FFT (step 29). For QAM nodul ati on, for exanple, the signals

over pilot galfjse" hedlysteXt Is26{uAfkd 7 BBseband, G(w) may be treated as not

including an effect from the antenna or any up/down converter. The signal
frequency characteristics at observation point P are written as S(w), the
incomipg signal at the relay station receiving antenna 3 is /(w), expressed by

15 the following equation:
I(co)= S(a))- G(co)- C(a))+ R(a)) (2)

Now supposing that W(e) is the frequency characteristics of the cancellation

unit,
S(w) = I(0)-S()-W () (3)

20  Substitute equation (2) for (3), and rearrange it as follows:

] (4)



+w31 )' for estimation (by interpolation in step 33) of the channel transfer
function 2 1 FEB 2003 20 (CTF) F. There is a switch 35 connecting the
interpolated CTF to the nultipath channel estimation or tRd FER %3l ter
coefficients updating estimation. The operation of the switch 35 in Figure
3 corresponds to that of the switch 2515n Figure 2. Wen out put of

i nterpol ation block 33 is connected to s nmultipath channel estimation bl ock

ot or mat i ot YHUREyer UBRfEng e o ) B P RRP R B A (A 35 <

connect ed tfol the filter coefficients update estimation block 39 which is
al so fed vm'ﬂ?vﬁe estimated nmulti path channel information, the FIR filter
coefficents update estinmation is processed. Then io the updates to the

filter coefficients are transforned i@t@ Ly )dorrain using | FFT (step 40)
and a correction value is extS'I(taﬁidﬁfe%—&g—ﬁglti plied by a tmefficient
(step 42), to produce a correction™ "&)e \(%T:W(‘F’ used for correcting the

FIR filter values (step 43). is Thus, the nethod of canceling coupling

coupt i ng. caneBirer B HinnigsZh FIRSE )] of WRORERRESIPR B eBrebe® e

is no signal. rﬁ%aféﬁd fromttg.e repeater; b) when there is no signal
r epeat ed, é’%'m YW LAY 'Bch channel H(w) 20 and store the estinmated
channel information; c) Switch on the connection 25 of the coupling

cancel lation unit 9 and the anplifgé 13 to aIH( t he out put signals of the
coupling cancellation unit 9R(w)be—?%)=a%—éﬂ%pp, ~ 21 (B) apply the
estimated nultipath channel informi®bnlt (gé)f (@il EiR filter

coefficients;

Using this formalism, we can analyse the behaviour of the conventional
method of canceling coupling waves discussed above. In the conventional
10 method it is assumed that the distortion of the incoming radio waves from the
master station is small enough. That means that H(o) = 1. Then the system

transfer function can be written as

o) I Gw) c@)-7) )

In this case, to cancel the coupling waves, G(w)-C(w)=W(w) is required. In
15 other words, the optimal FIR filter transfer function is #,,(»)=G(w) C(@).

Now setting the tap-weight estimation error at the i+1-th iteration is
Er((o) = Wapl ((0)— I/Vl+l (CU) (8)

where W

1+1

(@)=W, (0)+AW,,(») is the updating tap-weight vector at i-th

iteration. Obviously, if the change in the tap-weight vector at i-th iteration



~we) Update the FIRfilter coefficients; Rather than a switch 25, the relay
station may enploy any other nechanisms to disable the anplifier from
transmtting an anplified signal to the antenna 7 while tHéel fEBt2ay;
coefficients are being tested. The steps of estimation of FIR filter
coefficients can be repeated at any tirfé. W may arrange a device to
measure sone paraneter) e.g. Signal-to-Noise (SNR) of the coupling

cancel | atio ity t S ry0 H 0 [ hi

oot 1 cf ent NP P2 BY L EREH e SE el o the mifiitehy ool cap e
because the multipath channel has changed since the FIR coefficients were
| ast deri veadnceled Itnisi expiessen Ry tthe fellewingngauatien| whidhogannalsoobemy
diverge. In this case, the repeater stops retransni ssion, estinates the
mul ti pat h adexived| usipgithe NbMSréNemalizedc beast MeanoB8quard) Slgarthy (seet he
channel and is converge to the required extent. As we know, after

conver gencesimsiHYYKin) “ARptioa Fes THopPt (Third exditioh, 1008): approaches zero. At
this nmonment, the nultipath channel, H(w), has little influence on the
estimation of OW+, (~). Then, the estimation of nultipath 20 information
is not needed and a function for (the cha]nmgl1 iﬁ(az) mation, H(c~),s,cCan be
assuned,” e.g. it can be assu +‘t(‘8 bé_qf(g,?— 240, JFEB 2003 22 A é%)nvergence
t hreshol d of sone system paraneter (e.g. the sa par anmeter which triggers
the recalibration process by reaching the divergence threshold) is used to
di sti ngui shByinttadecinghe scaling factpreameemagtwrite unit 9 has yet reached this
state of convergence. Wien the s value of the neasured paraneter of the
coupling cancellation unit 9 reaches the required threshold, the operation
di scussed above (i.e. negl ed? @)% W (der uedt ghwles of H(w)) carfl®e
executed. Note that the value of the convergence threshold may be different
fromthat of the divergence threshold. to From Equation (15), we can see
that if a jUtigenethedus linitedhéo phe chamdieristicsrof mellipathy chpgRel We neded to
determ ne X(w) by nmeasuring the frequency characteristics S(w) of the
signal at tthat mbSquation @), H@i)rshoRBld ndtchecvenyl snall, mndhe cancellation unit will

10 become very unstable and hence diverge. From Equation (6), we know that
F(w) is a function of multipath channel, H(®). In multipath channel, when the
attenuation difference between two main paths is not very large (that is,
“DUn", defined as the power ratio of the first path to the second path, is
small) there is a deep fading at some frequency and H(w) at that frequency

15 will be very small. Therefore, it is possible that the value of F(w) at some

frequency is very smali if H(o) is small.

Let us now compare this with the algorithm proposed by the present
inventien. To do this we analyse Fig. 2 again in the context of the present
20 invention. As we know, the target of the coupling cancellation unit 9 is to

cancel the coupling waves and the effect of multipath channel and hence



~mul tipath interference can be cancelled. In | SDB-T systens, several

nodul ati ons are used, ~/4 Shift DQPSK, QPSK, 16QAM and 64QAM For i s

hon- coherent and coherent nodul ati on, the nmethods of esti FB8 2ff3w) used
in the present invention could be different. W will now discuss these

met hods in detail for the cases of diffierential nodul ation, and nodul ati on
with scattered pilot signals. 2 1 FEB ,2DR~ 23 1. Differential Modul ation

Xy can geoady: SRURARbR BT astdh sl TRER b ARGteEhg L,

Fi 4. Th h litude f he k-th [ f i-thr i ved

St e BB G SR Rl 1 B et Pl Moot ™ ey,

k) (17) SI (i, k) é&i k) =~SlI'z(i, k)+SQZ(i,k) (18) Here SI and SQ are defined
(4

as the quad?¥pul &(ebiBonents of S, i.e. the real io and i maginary parts of
the conplex signal S respectively. The phase di fference between the

received signal and the estimted desiged_signal is given by
e~i ~k~=Bs~hk~-M ~RND~M ' ~Bs~| ' k~~ r V\F]K"éfﬁisND[)q rounds the el(é%nts of X
to the nearest integers. The is anplitude of desired signal as unit one.

Then syst enTd harPfhis condifibh thedsHtini & IRYAilfed Yrtins®st fURdtidrPisvidvdiepedas F(1 . k)
=r(i, k) exp(j 8(i, k)) (20) As we know, the positions of ~/4-DQPSK
signals in f&ﬁ&/fﬁ%npl ex coordi nates alterna#e between constellation Pods =
{-3~14, 3~/4, " -~ ~/ 4} and Peven = ~0, 20 ~, ~/2, -~/2}. In practical
systens, the receiver doesn't know which 2 1 FEB ?003 24 constellation

t he received signal bel ongs wo(,Yhe&(® .@"\%, + Lght - poi nt constepy ati on
shoul d be used in PSK-esti mat”f'én,)_ ?(e? ):qy(a?n Equat i on (19)T( 1jhi S
results in higher estimation error probability and deteriorates system

Using Equation (6) and (12) in (8), we may reformulate the estimation error

Er(w) as

Er(w)=Glo) Clo)+ H(w)-1- AW, (0)-W,(@)

10 - H(w{l—ﬁla)—AW,ﬂ(w)

(13)

If En(e) is controlled to the minimum, coupling can be cancelled. Then we

hope that AW, (»)is minimized, which is subject to the constraint
Er(w)=0 (14)

Then Equation (13) is converted as follows:

15 AW, (w)= H(co{l —%w)j (15)

This result is a little different from that of conventional method in which the
multipath channel effect, H(w), is not considered. Now let's see what will

happen if H(o) is ignored.



. perfrormance. s Here, we just consider the phase difference between the
consecuti ve DQPS~C- OFDM synbols, OB(i + 1, k) = 6.~ (i + 1, k) - BS (i, k)
'(21 ) Because the original DQSK data and its denodul at izopFEBezoﬁael ated to

t he phase difference only, we do not have to estimate the phase of every -~o
recei ved synbol |ike in PSK estimationlifethod. Then we may estimate the
desired differential phase, 06(i + 1, k) , by using the sane al gorithm as
PSK estimation for individual synblol phagEE% ~B(i +l, k)=M.R VD~-MP' ~B~i +l ,

k)1 (22) JP In order tCAW,g(@)m[—t—Z%&rl' data, we consider the
estimation error of the i's phasefd®)ferefed, 09e (i + 1, k) = g%)i + 1, k)
(i

- 09(i + I, k ~9(i + 1, k : -1 y + 1, k) + , Kk
(23)(I:BS(i +| ,)k)_-EDeE: +, k) +E)BH*(a§+C§(b @Qf')) : W) he anpl i)tude of DQP)S?<
signal is unit one and the phase of thd’@ti mated desired si gnal is 6X (i +
1, k) = B(i, k) + 06(i + 1, k) (24) 2 1 FEB 2003 25 then the estinmated
Jesired si . : : T . _ B(i . K
108(1 -+ 1T (B SRR, FE0 i Kuch it Juie ity L spbregete) WP L 6
i +1, k) - i+ 1 Kk 26 Therefqore, the target of differential
fodul at i on Bugie) ApREGALIs Z5TPols (i sa5e: 108 raufisah b aPnel HE). % 8¢ 1o
m ni mum This nmethod can be inplenented by replacing BS (i, k) and B(i, k)

with OB(i -influerde andABBe(«)i Nowk.it kanibe Cogoluded. thibire iditipathhenaraiel mat ed
desired signal may not be equal to the original signal which is transmtted

DY TstS"  Shibd R PABarhel tehe alhiph SRCRISR U p &b B SRS
but whén the channel has large frequency selective fading, the cancellation

unit 9 may be very unstable.

From Equation (15), we know that if we can estimate the multipath channel
10 information, we can apply the channel function H(e) to cancellation unit 9 and
improve the system performance. However, it is very difficult to implement
the equation (15) directly. Since for repeater the received signal includes not
only the coupling wave but also the multipath interference, it is almost
impossible to distinguish the two factors and extract H(o). Therefore, the

15 problem is how to obtain the multipath channel information.

The embodiment of the present invention is operated by switching off the
switch 25 to stop the connection of the coupling cancellation unit 9 and the

amplifier 13 in Figure 2. Thus, there is no signal re-transmitted at the relay



=i, k) exp~j(9S (i, k) - ex (i, k

))) =r(i, k) exp~(BS (i, k) - Bx (i,
K))~ ~ exp~j(Bx (i, k) - Bx (i, k)) (27) =r(i, k) exp(j08e (i, k)) ~
exp~j (9x (i, k) - Bx (i, k)~] S(i, k) I = X(I' k) ~ exp~j (21 KiB-2fgy - ex
(i~ k))J Qoviously, it is inmpossible to calculate F(i, k) , since we do not
know t he original signal phase, 6x (i,1%k) . However, we can still use F (i,
k) = S(i, k) by X (i, k) replacing F(i, k) in Equation (15). 15 21 ~. ~ 26

Thi hogjisnb - 0, i i pat h

channel - %tedtf@r"aﬁé‘?ﬁet”‘éga@? RGP AL NS Pl i RS ot e el P
e srana . Hy aistor |

copec a |y Satop 1o ip3tigton T milfothBhoel ol b iheaRe” s < quast - stati ¢

during two s synbols, there is little influence on the phase difference
bet ween the consecutive synbols. Another advantage is that the phase

di fference between consecutive ~/4-DQPSK signals is always froma
four-point constellation P= ~-3~/4, 3~/4, -~/4,  ~/4}. In this case, the

mi ni mum di dhenoewoprepased: methed rig eallesi @rmnnpbiﬁfese}stim%mnan(@l?&): Wee. M =
4. Therefore, the to differential PSK estimation is nore reliable than the
PSK est s maicontrol Hmvaepeater mat teotraesmitl sigpat luntihdhe ehultipaett lbanREKisnor
DQPSK estimation can really realize the transmtted signal due to | ack of
the know edgfirated.hth tRa! rdpdiatdraenbiigmaenf, thie LsaaRMdstamedl @Rl the
Therefore, the ability to éﬁtalize or is cancel theﬁngtipath i nterference
for the ca I; hial S dikh t f Lipat b st adieng. | f
the initi al@r%g'%zhggeé@? Cﬁ ﬁgh?lr 'gnést?n{@iagg @iya r@ﬁg :35{% gaﬁitpg%l, é}g@ﬁ%ihh?%‘
sequence for j ion,of the initial phas houl d be.inserted kefore
Cransm ¢t cAHRAOSS o8N PR ST AT RN OR [ (AL HOBPR Sy i d T |

| SDB-T systens, for coherent nodul ati on segnments, the SP (Scattered Pilot)
si gnal s (i Irapliettthat yidpathwPlm i langer ithabezerq aedkihenshanneinB(e) is

10 constant for a long time within which cancellation unit can converge
complétely. At the beginning, the repeater doesn't retransmit the signal from
the master station. Since at this moment there is no coupling, the repeater
can estimate the multipath channel information, H(e). The required duration
of time to stop transmission to estimated multipath channel information is

15 only several milliseconds. After starting to repeat the incoming signal, the
coupling cancellation unit can use H(e) to compute the tap-weight W(w) with

Equation (15).

The digital signal processing block to implement the CPE method is shown in
20 detail schematically in Figure 3, wherein the incoming signals (at point P) are
transformed into frequency domain using a FFT (step 29). For QAM
modulation, for example, the signals over pilot carriers are extracted (step

31) for estimation (by interpolation in step 33) of the channel transfer function



.2 1"FEB ,2~ 27 receiver) are transnmtted together with data carriers, so

t hat the channel transfer function (CTF) is estimated both in frequency and
intine. Figure 5 shows the scattering pattern of pilot &atFEBrzg
distributed in the direction of OFDM synbol and carrier. According to the
OFDM transm ssion system pilot s and @ata are regarded as signals under
the frequency domain. Transm ssion is nade after making | FFT on the

modul at | on . ANGrERT in ! AadPIRAUbAheahe A BB T ARt on

signal X(i, is known Int pi I'ot signal “section, e sanpl es t he

CTF, F(i, k an, be easilv. obtained b Lvi di ng. the recei.ved pil ot signals
by the. knompBpRGaniRLedmaldh SF ek bl s feRYS Helination
performed by interpolation of the CTE sanples. The interpol ation processing
i s made usilmg PRRaHPROAR4Ne switchi3G iy Eigkre Srcaseasperds ig thakobtheotwishynal as
a reference. After obtaining ON+, (~), |IFFT and coefficients extraction is
per fornmed 255ir0Kigyre= 2Coéfhenc putpug of Mterpmtatioon bldaRT 330iy conpegted {@8)
where OMi) is a (Mx 1) vector, and Mis tap length of the FIRfilter.

Si nce t Ber enuitipathFENarmeastinttionybloek V37 rthe hawultipatd chadneluéstihatidn i R
filter, omi) coefficients are extracted fromthe second sanples to the

iou)a(\l\’: ;]g( %écéségﬁ ![ slﬁga@gﬁ@ggf%ggnﬁhgﬂfé@a%@egﬁm22%;‘%¥€dﬁéwh?g\gg%cor di ng

to th t inventi di .ab b ' | 1 EFT

al gor 1 hm, CARHAGERSPOGHPR RAICES 14,281 DeRRiA A faY SORTIETE HpHelRr . we

wi Il now explain why it is possible to in_'Prove on the efficiency of such a
strategy. lestimasiopdRlpek 3§ wgwé isarlse|fed with they @stimialed Mmultirathceharmel eri zi ng

the coupling path and nultipath channel is used. Two inportant paraneters
of the i o isfdapatior thel FER fitee coeffickntsguid it cesdimationi ist procassad?. THére t ap
length is the nunber of taps in the filter. The tap interval refers to the
del ay tiprme thetupalates to the filter coefficients are transformed into time domain using
IFFT (step 40) and a correction value is extracted (step 41), multiplied by a
coefficient (step 42), to produce a correction value which is used for

correcting the FIR filter values (step 43).

15 Thus, the method of canceling coupling waves includes the steps of:
a) switch off the connection 25 of the coupling cancellation unit 9 and the
amplifier 13 to make sure that there is no signal relayed from the
repeater,

b) when there is no signal repeated, estimate the multipath channel H(w)

20 and store the estimated channel information;
c) Switch on the connection 25 of the coupling cancellation unit 9 and the
amplifier 13 to allow the output signals of the coupling cancellation unit 9

to be relayed;



‘., the consecutive taps of the filter. The two paraneters determnmi ne how long a
delay tinme of the nultipath signal or coupling signal the filter can
accommpdate. In other words, the tap length should be I NIBE h@ﬁn the is
maxi num delay tinme. In a repeater environnment, for exanple @ maxi num
delay tinme of the nmultipath channel is2hormally up to about 15ps. To cope
with such a nultipath channel, M-Tp should be |arger than 15p.s. Because

FFT (2048) d%oaﬁﬁmenéstfm&ﬁueﬁﬁutlﬁéh 'dhahﬁ@ﬁn'foirﬁat%nl?@%%tlmdwzthet PR

sanpl i ng |nterva fs and the FIRfilter tap interval should be T~
t oo. Thus, %%%é‘fc-l-en ghd tap length is set to 128. 2 i FEB 2003 29 The
adaptive f| I ter coe ICI ehts are generated through a series of conputation

over frequenc ransf.ormi,ng the conputation results into tine
domai n usi ?jﬁgq’{mtﬂg 'ﬂBdfﬂ 5\ﬁoefﬂr%en| 'BFT output sanpl e point nunber is a

nunber of the n-th power of 2. It could be very large when its input point

S number VERphbAHHR a%ﬁ’t@htdﬁe tl%‘?élﬂif stdtioh mlay®rhSloy &g dtRbPkfechaRls t he
first 128 I FFT out put sanples out of 2048 need to extracted for use as the

fil f f

mii g See B S PRETE ptp ARG AT SpETLI YRR MESRBCRAY O o
Th the t | to the | EFT 2048. Usi th |

abgCe, gucaﬂﬁt?etgge@?fgge E'l%ﬁ&?rg%h’\éa'aaé%ﬁt al)zg nul ti patlhngel as ??ﬁeﬁpof 2048V

= 252p,s long. This is surplus to requirenents, because the nultipath
si gnal s 1 eciev§dpaidr stifRsion'd? FIRSFIItQP'cBéﬁ@lHnts 6Qﬁ' b‘éaf'épgﬁtécgé‘toér?)ﬂtlmb” ot her

wor ds, we do not need to conpute is an asizeupto

conven onac oSy AR oy SRS o

obtain only prev ous may reduce the
| FFT size t equ or alittle |arger than the ta n
Theor ot | cal SR 31 116 Ps|%ar1°8h@myn9 08 e SR STt B
function if the sample interval is is smaller than 1 /2fs where fs is the
frequeng@y Ifilter tcagffigigrts. If the parameter rises to a divergence threshold, e.g.
because the multipath channel has changed since the FIR coefficients were
last derived, this indicates that the coupling cancellation unit 9 may diverge.
In this case, the repeater stops retransmission, estimates the multipath

channel again, and makes the cancellation unit 9 adapt to the channel and

15 converge to the required extent.

As we know, after convergence when W(w) approaches Wo(w), AW, (o)
approaches zero. At this moment, the multipath channel, H(w), has little
influence on the estimation of AW._,(w). Then, the estimation of multipath

20 information is not needed and a function for the channel information, H(®),

can be assumed, e.g. it can be assumed to be one.



.. function, but ideal interpolation nust be used. In |ISDB-T channel
estimation, since the interpolation is done in the frequency domai n, the
sanmpl e interval 2 1 FEB 200 30 for thelnterpolatlonoj Z(‘ﬂ | ed CTF
is the spacing between the pilot carriers, O, while the requ y limt is
the coherent bandwidth of the channel 8. In all practical channels the
coherence bandwrdth of the channel 8~ is larger '"than the pilot spacing of

thus the CR- Me?%er%@%h%h%ﬁ a5t %oﬁiéerss,%@he a?é}ﬁefefr‘“(é’g rpet Qaath over
all carriers. Furthernore, the channel irnpulse response can be obtained

after the I E n CT gals

cancel | at i & F%}ngq mﬂé’? ?'Iégp#éig é)‘%tl gl;aggn roF—'%%‘ P?t gé)étgi"ﬁ Bhe
extracted fromthe IFFT tr nsformof t he estingted filte
CAp | engt h ANETRRRGR rnieenag) < R USefayor | rESUAOUHE. WORHIS g Ra FoUSG ch | s
related to the coherent bandw dth of the transm ssion channel. Because
normal |y t &Bnceliajion, uait P hesgyeti reached thimistate ehapnvargenceTWherethe g.
2048, it is possible to reduce nunber of points used in the IFFT to a
nunber a | ivatuesof thegreastrad paratriedert efptheecmipling ldaneellationhursit 8irepthdés ed | FFT
met hod according to the invention is proposed. Consider an IFFT filter to

i nt er pol at ghé h@qlﬂl‘mﬁmésl‘&ﬂmm optrhbort drRRebesdrabevé lice. frieswimgyfusthepal into
ti me domain. n this case, so long as the frequency 20 spacing of the CTF

sanpl es is gy | nf Pl?zﬂngtéb‘?\ B% BEut ?Oﬂ%@‘matt{ﬁaq}%ﬁ% Ef tHEcHRIgbngeed to

know t he channe tron requencies b e require nunber of
CTF sanpl es efor t| n con i deration g FEB 2003 31 such
f requenci eéhrqsgedl @PY%&‘Q& "F?B'h tRLt 'V%rﬁ?@ﬁﬁltéﬁsi"?'dian be reduced. In
an | SDB-T system for exanple, the nunber of carriers = 1405, the

10 From équation (15), we can see that if a judged value of the pilot signal or
received signal is used to determine X(o) by measuring the frequency
characteristics S(») of the signal at the observation point P, the coupling and
multipath interference can be cancelled. In ISDB-T systems, several
modulations are used, n/4 Shift DQPSK, QPSK, 16QAM and 64QAM. For

15 non-coherent and coherent modulation, the methods of estimating X(e) used
in the present invention could be different. We will now discuss these
methods in detail for the cases of differential modulation, and modulation with

scattered pilot signals.



'S carrier spacing is 11 TS, the nunber of |FFT points or |FFT size, N FFr =
2048. The pilot synbols are inserted every 12 carriers, i.e. the pilot
‘carrier spacing is 12/ TS. Because the positions of t he pi 120f rg Ergrqg S
change periodically every 4 OFDM synbols, the pilot carrier spaci can be
treated as 3/ TS. Since the sanpling it erval of the incom ng signal for
FFT is T~, the FIRfilter to tap interval should be T~ too. Conventionally,
after interppigdlephaWodiatiénri ers using estimation of pilot carriers, IFFT
(1405, 2048) is processed. Then the first 128 of 2048 | FFT out put sarrpl es
are extracted as tap coefficients of FIRfilter. By contrast in the present
i nventi on er differential necdidatiorhsuch-a3 néb Bpift BARSK dberdesirgd tsigr#d,6X i nt s,

i.e. extracting the tap weights froma 256 is | FFT out put sequence. The
symbol dur 8hjh ol egﬁ'natgd)%h‘vg %h¢®tfo'ﬂ§l @‘S}@te'sﬁﬁa%n QrﬁétHoﬁng SHoWrEm T,
=256T =Tsi B. Over frequency domal n, F sanples for sinplified | FFT
conput at i orpo(iprgmthe frequency spaci ng of | i Ts can be obtained through

i nterpol ati of "'the known pilot carriers. Wth the CTF sanples of virtual
N~I 8 - 176 carriers, |FFT (176,256) is processed. 20 2 1 FEB 2u3 32

Si nul at son Tzheobmhn@ avdplitode forcthenk-tts camtientaf itls reteivdéd symbadlicamries

di scussed above, and conparisons with simulations of the known al gorithns.
In the si mébo{g,hg@ﬁoneEqngﬁén ;mranﬁe(qgectl ve sections were handl ed as the
conpl ex base band s signal of équival ent | ow pass systens and the

cal cul ati ons was conducted in double precision real nunbers. Frequency
synchroni zati on and cl ock ti mgf &e aslsfi@(e,(k)to be ideal. The rel g%; station
systemis considered in a nmult g’ e erl ant channel. In Ta( e t he
paramnmeters used for sinulating the coupl | ng cancellation unit 9 in a
two-path nmultipath channel to are shown. The simulations shown in the
figures assunme that C(w) is corzls}‘anti—lf‘@m ( uenci es ~. Tabl 1é

Par anet ers of the SFN Repeater t€m r%ulaglo S Arrplltude rati }
coupling wave : DU2dBDel ay tine of coupling wave wave : 2. 09wsPhase of

coupl i ng vygte’sIATHPSHegEReS H‘é\ﬂ'&setHb%@nﬁaﬁfre%ﬁp?dneﬂtébf 8nie. fHeNeaPdBrel ay

station noise : ay tine o ath
10 and imaginary parts of the complex signal S respectively. The phase

difference between the received signal and the estimated desired signal is

given by

6(i,k)=6, (i, k) - j{” -RND[M” '26;;("”‘)} (19)

where RND[X] rounds the elements of X to the nearest integers. The
15 amplitude of desired signal as unit one. Then system transfer function

defined by Equation (6) is written as
F(,k) = r(i, k) exp(j6G, k)) (20)
As we know, the positions of 1/4—DQPSK signals in the complex coordinates

alternate between constellation Pogg = {-3n/4, 3n/4, -n/4, 7/4} and Pgyen = {0,

20 mn, w/2, -n/2}. In practical systems, the receiver doesn’t know which



v, 2 1 FEB 2003 33 Phase of multipath : AmM80 degreesFIR filter tap length :
ML28 Let the received signal of the receiver be p, (i, k), apd the decision
'val ue of the received signal Wi, k) be d(i, k), where k i 5€ (kR 26087 er
nunber. Decision error signal err(i, k) is given as the follow ng equati on.
err(i, k) =d (i, k) - ~.t(i, k) (30) & The signal/noise ratio (SNR
rSNR(i) of ith synbol is defined as equation (26). K-1 d(i, k) ~d * (i, k)
rsNe (i) =%Bnstefftion lthe fécdived Kdignalebeldngs! ito K)THerEfoléle Wvééiﬁﬁfltprtﬁﬁf or mance

eval uation is based on the SNR verse nunber of iteration. Wi now
explain th ' I o %g 1:QN.p g FL U ho the
conput er s?ﬂﬁ%@%@nﬁ rgg%"lljl 'It-_b-sB g?@fﬂepg ﬁrﬁlg—%é%ﬂp’)\lﬂ‘i n?‘@%@%@@tﬂf‘% unit in
a multipath,channel with,an | EFT size of 2048 .noi nt nd. 256 points for

i fTerent. dBipTeealh hIner aslimagh; Siist pronanifty e R RRshPYtERy: om
performance can be maintained even if the I FFT size is reduced from 2048 to

256 provi dB8OAAANEe delay time of the coupling waves is snmaller than FIR
is filter tap length. This sinulation is perforned using a conventi onal

1tes oy, B iU M e ltelmes Itk Pl it o
quant ity oDAPERGEPMEHEBES: s and 256 poi nt s, -t cepect | vely, Ac can be

seen, the nunber of conputations required by
AG(i+1L,k)=0(i+1,k)-6,(i,k) (21)

Because the original DQPSK data and its demodulation are related to the
phase difference only, we do not have to estimate the phase of every
10 received symbol like in PSK estimation method. Then we may estimate the
desired differential phase, A8(i+1,k), by using the same algorithm as PSK

estimation for individual symbol phase,

AGGi+1,k) = if_” . RND[MP_'AQ("_“_Q} (22)

p 2

In order to recover the original data, we consider the estimation error of the

15 phase difference,

AB,(i+1,k)= A8 +1,k) — ABG +1,k)
=(ABG +1,k) + 6, (G, k) - (Aé(i +Lk)+6,0, k)) (23)
0,3 +1,k) - (A0 +1,k)+6,(,B)

We define the amplitude of DQPSK signal is unit one and the phase of the

estimated desired signal is

B, (i+1,k) =00, k) + AB(i +1,k) (24)



« the I FFT is reduced up to 10 times after changing | FFT size from 2048 to
256. That neans the hardware conplexity will be reduced greaglé and s
‘processing speed will be accel erated. This nethod can al sg1b 3 803 ed to
ot her receiver systens which use an I FFT transforme.g. decision feed back
equal i zation. W will now discuss the &pplication of the invention to QAM
Modul ation with scattered pilot synbols. Table 3 shows the paraneters used
in the si i ' 2 1FEBZ2003"' 35 Table 3
Par anet er fsﬂt}t.)e;]r{ %tmﬁg%ﬁéﬁﬁﬁﬁﬁsﬁﬁg%zmM OFDMTr ansmi ssi on bandwi dt h
: BW5.575. .. MHzTotal nunber of carriers : K1405/ Synbol Nunber of data
carriers : Kdl1287/ Sy iy 0 are:iar gg (i p],&@q- ol FFT si Y
NpFT2048FFT sanpl e fgggjuléplﬁl’cyé):{ﬁ(?xs%&??kg S.Eg?(mlééffecl%!emsynbol Iéﬁgkth :
TS252sCGuard intervals : T963ps(TS /4)SP interpolation carrier filterLinear
appr oxi nat iSubSttute Equatibe(24)rintoy(@3p] filter Same val ue interpolated within 4
synbol sUpdating rate of FIR filter coefficient4 synbol s/one updati ngError
correcti onNone Figures 7 and 8 show the results of the conputer sinulation
of the 64QAM OFDM coupl i mf.GanodiHbatiidrk) udl (i +dolver gence charact d2Pkstics in
a multipath s channel using the conventional nethod and the new proposed
met hod (referred to here as nnel Pre-Estimtion, CPE) under the sane
channel gco&lﬁ'ﬂ‘?fBFﬁ»\KB? arges of %E%\R‘Eﬁtla' ﬁ@oqtﬁﬂﬁlqn S‘Pufﬁﬁlg @J}%’@P 1o BRIkt whi ch
uses the 2 1 FEB 2003 36 conventional nethod. The sinulation results show
t hat the nevakestAdhd +1@PE0 dbeeminimues This methedn camber geplemamded . by gure 9
shows the system perfornmance using new nethod under its working s limt. It

The- cancel 9P PBRG A BN AETRYEY . KL And 8% BB ISP BRE R She

DUm=2dB for ~=0.5, while conventional nethods are only suitable for DUm9dB

d DUm=5d L i ; [ '
i ST MR Ahato N SpaPH e SRS o it

invention to the case o erenti

parameters v&hﬁgﬁi isi Qra%gﬁ\iﬁéﬂlya%iag&roéta% %Iﬁg:%o%)e%eg]y multipath channel.

10  The system transfer function is represented as

SG, k)
XG.6)

= r(i, k) exp(j(6; G, k) - 0, (i, k)))

= v, Ky expli{B, k) - B () | explil6, (.0 - 0, (1) (@7)
= r(i, k) exp(A6, (i, 1) explild, G.k) - 6, G, b))

_SG,k)

Xin exp[j(éx (,k) - 64 (i,k))]

F(i,k) =

Obviously, it is impossible to calculate F(i,k), since we do not know the

original signal phase, 6, (i,k). However, we can still use F'(i,k) = SGH)

X@,k)

replacing F(i,k)in Equation (15).

15



.2 1"FEB 200g 37 Table 4 Paraneters of OFDM Modem Modul ation system-/ 4
Shift DQPSK- OFDMITansmi ssion bandwi dth : BWb. 575... MHzTotal n %&r of
‘carriers : K1405/ Synbol Nunber of data carriers : Kd1405/ Syr?o‘bfﬁg ze :
NFFT2048FFT sanpl e frequency : fs8.12693... MHzEf fective synbol length :
Tu252,sCGuard intervals : Tg63~s(Tu/4)ER¢or correcti onNone For assessing

convergent characteristics, the signal-to-noise ratio of s respective

symbol s of THI® ity & hettBPtrapoHealdrRienfiShANAEHIR EelchSe iFadnifiphh Shovs

t he bl ock di agram t hod of calculating the sign noi se ratio r SNR
at the recej The. s of i ni tjon eguat.i 1 r gl ne e

si gnal / noi scg\éﬁéﬂ on}esﬁ%ﬁﬁnqlﬁgb Fe’igﬂ%' sé%%oﬁ.g %gﬁ&i‘%gr glst(ﬁéoelghé;ngr@g show
the result of copput.e | oyl at.i ons of, convergence characteristics of a
DQPSK- O:Dmpéﬁkﬁﬁ'm@fééﬁjiﬂési'mﬁt'eﬁiQf.dces"ﬁglsq "2@88 beslafgre eseeeipbal  axi s
represents nean SN ratio defined according to equation (31 ), and the

hori zont al aixVs = 8. (Bu§ assupaing dhei mylitipativ rehasnel ise qupsitsiatie shiringctwant s.
Three cases are simulated: 1. Using the PSK nmethod to estinmate the desired

si gnal pl usyhibols tergeid ilittealinflegee bhmtte preaseeldifferbnes bistwegnEdusat | on
(9). Thus, the nmethods in this case are totally conventional. 2. Using the

DPSK et hoGohge8tiveayfbdle daRoliRt aleamthge! i4S thate the GSHASRN Wiffitahce
al gorithmto cancel eChoes using Equation ?9). 3. Using the DPSK nethod to

o cancel Coigeh, SonesRle, Mapsk' BRAEE, A" UM, By Rt 2 e

that the DQPSK nethod is rmuch . o ]
constellation P= {-3n/4, 3n/4, -n/4, n/4}. In this case, the minimum distance

between the pairs of signal points is enlarged, i.e. M, = 4. Therefore, the

10 differential PSK estimation is more reliable than the PSK estimation.

However, in a worse multipath channel, neither PSK nor DQPSK estimation
can really realize the transmitted signal due to lack of the knowledge of the
real initial phase of the transmitted signal. Therefore, the ability to equalize or
15 cancel the multipath interference for the cancellation unit is limited by the
depth of multipath fading. If the initial phase of the transmitted signal is
required, a training sequence for estimation of the initial phase should be

inserted before transmitted data.

20 2. QAM Modulation with Scattered Pilot Symbols

In ISDB-T systems, for coherent modulation segments, the SP (Scattered

Pilot) signals (i.e. data symbols with an amplitude value known at the



_better than the PSK nethod. This is because the conventional nethod cannot
really estimate the desired signal in the nultipath channel without a is
signal' that consists of the channel phase. In addition, we @ t hat our
nost preferred nethod (case 3, which incorporates both of our p?@osed

i nprovenents) can achi eve DUnw5dB and &ut performthe other methods. Note as
DUm decreases, the system performance becones worse. 20 In summary, the

presently Eé@@é?dargﬁfraﬁ it@aa[%t%é;rr ﬁ1tﬁsaéﬂ[%‘;&£méré,05’§)tha{ TR Q_Ehgy

syst em per Formance greatly and rforns e conventional netho

usi ng chanpel pre-esti Lon, the rel t.atd on can function in. an

envi Fonment AT U AT el LS, eaPrasBePorfidn Ml A vED WBe Fldf . 2 4
FEB 200$ 39 Moreover, the proposed sinplified | FET nmethod reduces tFe

requi red q88AWStheckcatianng: patterAsohRtct cariREs distidhriedxintthe dirrction gf ati on
results show that these savings are made w t hout reducing the performance
of the systQFDM symholrbE cairier. #zcordingrio the @FiM transovission systeny pilak val ues
of a plurality of digital filter coefficients which are used by a digital

filter whi cnd data arempgaeet £ signalelundesti frequehbiedomialy, Trhasiission
successively receiving a first signal, nodifying the s first signal using

the digi talis%fjeraﬁer T@éﬁhgamn& Sth@N#hod AKbr TS Mhid | PETt BR ffeond

signal with anplification, irst signal 1ncluding a nmaster signal
transmtte a_.mul ki path t ngl JWRLGh . ect to
mui 1 pat b DR, SRS BedAEMIRERh S ISR RN ] BEES g
conponent derived fromthe second, sig he met hod compri sing: .i0 (i)
Lot apt | SENE P Bniia SaPBlesor! MeoCa e il K Gia be (A9 (AGRA¢ A
estimate of said nmultipath interference and storing the
dividing the received pilot signals by the known pilots. The channel
10 estimation over all carriers is performed by interpolation of the CTF samples.

The interpolation processing is made using two-dimensional filters after

estimating the pilot signal as a reference.

After obtaining AW, (), IFFT and coefficients extraction is performed
15 Aw(i) = Coefficients — Extraction{IFFT[AW,,, (@)} (28)

where Aw(i) is a (M x 1) vector, and M is tap length of the FIR filter. Since

there is a FFT sample delay between the input and output of FIR filter, Aw(7)

coefficients are extracted from the second samples to the following M+1

samples after IFFT. Finally, we get

20 w(i +1) = w(i) + pAw(i) (29)



. derived multipath interference estimate; (iii) resum ng said transm ssion
of the second signal; and (iv) nodifying said digital filter coefficients
using said stored nultipath ~ s interference estimate and2spirg %@ ond
signal, to reduce the difference between said second signal ana id master
signal. 2. A nethod according to clain8 in which said step (iv) is
repeated iteratively, whereby the difference between said second signal and
said nmaster signal is successively reduced. 20 3. A nethod according to
claim2 in which, upon performng each step (iv), a first parameter is
derived characterizing the difference between said . 21 FEg 20~ 41 second
signal and said nmaster signal, and step (iv) is repeated until the val ue of
said first paranmeter traverses a predefined convergence value. 4. A nethod
according to claim3 in which, upon said first paraneter traversing said

predefi ned_g£an ence, val ue, | east one st.ep s .perforned,. s ing said
recei ved sﬂgﬁarﬁ%ﬂtu% 'ﬂs?% &af‘?ﬁ@?‘g% e%ccr?ﬂﬁg'ﬁspgq HR?nPWQEe'HX%&Eoﬁi mat e,
of updating said di %i tal filter coefficients to reduce the difference

bet ween sadifcsigseth@bovgipay Kep sanventionabiFkT grgarithm, examplesal Wk ding to
claim3 or claim4 in which, after said first paraneter traverses the

pr edef i hed ace wedlr gpows indhisdield Hewevel, pweraitlenow explainavby itds ippissigle he

di fference between the second signal and the nmaster signal is repeatedly

derived, amslimpiovs crathe efficiency bhsedrea etratgggver sing a predefined di vergence
val ue, said steps (i) to (iv) are repeated. 6. A nmethod according to any
preceding claimin which the relay station nodifies the first signal by
passing it through a coupling cancellation unit is having an input

| ntudi ng VARe PRI WP BPES. M AR et chRfbcidthd 15 BRUBHET ; (5
Il ati it bei [ h b d f th
Subt r act er PAYY R ASBHa, CPRBTSLIHUISEr THe' EAPREATIAPPGIMEIATS Glnhe o an

input of the digital filter, the subtracter subtracting the output of the
di gi t all020 atiaptiee filteomre Haprleagthy b aptgienl interval T,. The tap length is the

number of taps in the filter. The tap interval refers to the delay time between
the consecutive taps of the filter. The two parameters determine how long a
delay time of the multipath signal or coupling signal the filter can
accommodate. In other words, the tap length should be longer than the

15 maximum delay time.

In a repeater environment, for example, the maximum delay time of the
multipath channel is normally up to about 15us. To cope with such a
multipath channel, M-T, should be larger than 15us. Because FFT (2048)

20 sampling frequency f; in ISDB-T is 8.12693...MHz, the sampling interval T, =
1/ fs and the FIR filter tap interval should be T, too. Thus, M > 15us/ T, and

tap length is set to 128.



. 7. A method according to claim®6 in which the output of the coupling
cancel l ation unit includes a switch, the second signal beidy Reg opyively
transnitted via the switch to an anplifier which anplifies the second
si gnal 2 7 FEB 2003 42 prior to transm ssion, said interruption of the
transm ssi on being performed by opening the switch. 8. A nethod according
to any preceding claimin which said step of nodifying said digital filter
coeffici enfrpgl d&“éd%@é?ﬂteﬁ@ééﬁﬁ%i@gt@af@ éhfed ey a%fehéé%ff]ket uBdtide

second signal; I oyl ng sal Iscrete Fourier transformo e second

si gnal and kSCr Fouri.er_ t ai I et |1

ntert er ongget §eAEN G, TRl and, RGBT o srBtin i o bl A
coefficients ex re_sse&__ép t he frequency %q_mal n; and ‘ran_sform' ng .sai d
correct i on9@HakR &1SiNg he'\s Weeknetng 15y TaputpHY 8aple-Baint &umbeli8@orm i o
operation, the digital filter coefficients being nodified based on the tine
donmi n cor neptbesrofviaeurdh powes ofe2.hbbcoadd bedvery lage mdiem &s imputhpent each of
the digital coefficients of the digital filter nodifies the first signal at

pai rw se tinoenbéelvaeyy ilarger Vihen The output pFBTiwsize i 2048 aoihts henlyuthibefirsof
digital coefficients being substantially is equal to a maxi mumdelay tinme

of a nmulitpaBhFFT Qlithat SAMPIECHMOSrPI48 hebl Qo fdxtrakcted fitalse 48 thefiltgt hod
according claim9 in which the inverse Fourier transform generates an

nunber of gggﬁfé} ntd me domai n val ues equal to or slightly larger than the
nunber of |g|t§ coefficients. 20 11. A nmethod according to claim9 or
claim 10 in which the inverse Fourier transform operates on a nunber of
frequency domai n val ues | ower than the nunber of subcarriers used in

practi ce. 2 1 FEg 2003 43 ) . i
Now let us consider the conventional technique of making use of all of the

10 IFFT output points for the filter coefficients. Then the tap length is equal to
the IFFT size 2048. Using the example above, such an adaptive filter can
adapt to a multipath delay time of 20487, = 252us long. This is surplus to
requirements, because the multipath signals received after 15us are
insignificant, and can be ignored. In other words, we do not need to compute

15 an IFFT with a size up to the conventional value 2048. It is enough to use a
filter with 128 taps to obtain only previous 15us channel information.
Therefore, we may reduce the IFFT size to a value equal or a little larger than

the tap length.

20  Theoretically, it is possible to exactly reconstruct a band-limited function if the
sample interval {5 is smaller than 1/2f; where f; is the frequency limit of the
function, but ideal interpolation must be used. In ISDB-T channel estimation,

since the interpolation is done in the frequency domain, the sample interval



. 12. A net hod according to any preceding claimin which said nmaster signal
isin a format in which synbols are coded by differences between
consecutive segnents of the master signal, and said adj ustrRast ypf t he
digital filter coefficients mnimzes an estimated error in the estinmation
of differences s between consecutive s#gnents of the master signal. 13. A
nmet hod according to claim12 in which the fornat of the master signal
encodes sy e di i awld. A
ot hod ot [y Fy P igPORTRnCH LR SRRERec E° R o7 BRGEMD HOWREATEE pilot
coefficients for e a digital filter which is a canponent of a relay
Station. v RamieEnAf SIS 1 rede i e dhdbiBLS13RG efanReb i 1Y ng
the first signal using the digital filter to forma second signal, and
transmitti Bg trhall gractichl sihgnaelswihehcegrenee dandwidthsefi thef cthanneli Bnisl
including a master signal transmtted through a nultipath transm ssion
channel whigt§et thanbinecpilod spakingpaifhthuss thetETF efrfiyC el Bohsidersal s
transm ssi on channel and a coupling conmponent derived fromthe second

signal,_th [ ' i W‘% C(Flﬂﬂhf. ving a
maxi mum deﬁ\a@%? ﬂ’r%y& %\Q@f‘éa@fbé]k%té%d? a @F%rgérséoe ﬁ%ﬂ 8%?} %1?: ?1? hgggl gital
filter nodifying the first signal at.pairwse,ti lay intervals Tp, the
net hod i ncmé'i”ﬁg: S UEL; Ry o‘?@@“@?’e rriﬂ%ﬁnﬁ: nstlr%ri'%)'a'f" f’ﬁe econd
si gnal ; enpl Oyian% said discrete Fourier transform of the second signal to
derive cor tieiolded&difes for said digital filter coefficients expressed in
the frequency domain; and 21 FF8 ~, 44 transform ng said correction
values into the time donmain by an inverse Fourier transform operation, the
digital filter coefficients being nodified based on the tine domain
correction values, wherein: s the product of TP and the nunber of digital
filter coeld ittee @olpling cantsitatiohi @it 9, dopitap coefficientsuof thenFdR| filiertaree of t he
said nmultipath
10 extracted from the IFFT transform of the estimated CTF. The filter tap-length
is determined by the delay time of the coupling waves which is related to the
coherent bandwidth of the transmission channel. Because normally tap
length,.e.g. 128, is much smaller than the IFFT size, e.g. 2048, it is possible
to reduce number of points used in the IFFT to a number a little larger than
15 the tap length. Here, such a simplified IFFT method according to the

invention is proposed.

Consider an IFFT filter to interpolate the channel sample while transforming
the frequency signal into time domain. In this case, so long as the frequency
20 spacing of the CTF samples is smaller than the channel coherent bandwidth,
we do not need to know the channel information of any frequencies but the

required number of CTF samples. Therefore, by omitting consideration of



. interference and/ or coupling conponent of the first signal, and the inverse
Fourier transform generates a nunber of output tinme donain values equal to
or slightly larger than the nunber of digital filter to @deFEB@@nts. 15. A
coupling cancellation device for a relay station, the relay station
receiving a first signal and transmttdhg it to a coupling cancellation

devi ce, receiving a second signal fromthe coupling cancellation device,
transmtti SiFgTakiZe0 Keile hi d i tdd t he
anplified s@gggﬁf&écﬂ%ﬁg{#qﬁﬁe’ cou%lzﬁenaﬁ@ancel I g?ﬁ{%&geﬁ@@éﬁﬁ%léﬂrgg a
digital fi Ir%(gr %ased on a plurality of filter coefficients and arranged to
generate a 158t i on signal for conmbination with the first signal for
reducing interference in the second 20 signal, the first signal including a
master signal transmtted through a nmultipath transm ssion channel which is
subject to multipath interference in the said transm ssion channel and a
coupling conmponent derived fromthe second signal, a digital signal

processi ng Iuran ISPBch systest nfion@xampde f the Bpmbep of qariersolys 4 9408ethe ci ent s,
and a switch which selectively transmts the second signal to the anplifier
of the sel @armgrapacing istdriapthet member otk Fdapoibts aolirfTosizedVpet = 2648r ansmi t
the second signal when it is desired to estimate nmultipath interference in
the first ghangilot symbls dre PidBHed Bveanaeldatiiérani.detHeCsilacapridh siading ¢l ai m
15 in which the-digital filter receives and the digital signal processing

uni t each ﬁfﬁlg/xé ?ééc%g%@%‘%@'gééiﬂ&ﬁé of (RS ﬁﬁ&ipéyirﬂﬂ?lﬁa&%!dreg@bﬂéi‘diﬁﬁﬁ ce

further inclu . traction crrcurt recelving the col tion signal
o e b DL sy e AT oS85 S BB AR 0 2 o,
Cr anst or ms SN Thec AP BRG e veh obNerB PP BES | 96 B Uy WP SR ENSE o
extract signals over pilot carriers for estimation of the channel transfer
functidn, iaeintegial ahoglddreal. taco Swentionallys aftat inkelipotptionsel Ve barriers

using estimation of pilot carriers, IFFT (1405,2048) is processed. Then the

first 128 of 2048 IFFT output samples are extracted as tap coefficients of FIR

filtker. By contrast in the present invention we hope to reduce the IFFT

computation quantity to 256 points, i.e. extracting the tap weights from a 256

15 IFFT output sequence. The symbol duration, Ts = 20487, while the duration
of 256 IFFT samples, 7'=2s567, =7 /8. Over frequency domain, the CTF
samples for simplified IFFT computation with the frequency spacing of 1/7
can be obtained through interpolation of the known pilot carriers. With the

CTF samples of virtual N./ 8 = 176 carriers, IFFT (176,256) is processed.

20



. for 'selectively transmtting the channel transfer function to a multipath
is interference estimation unit or to a digital filter coefficient
‘determ nation unit. 18. A coupling cancellation device fogqaggehfy station,
the relay station receiving a first signal and transmtting it to a
coupling cancel Irati on device, receivinga second signal fromthe coupling
cancel l ation device, transmtting the second signal to an anplifier and
transm tti iguiRicNdSid Regdirsecond 2o signal,. the first signal including a
master si gn‘a‘l—r‘r‘a'm‘rgg—ris rough a nmultipath transm ssion channel which is
subject to multipath interference in the said transm ssion channel and a
coupl i ng cMNponewt pasent asimbilations hef the2 Bnilidrlim20ts disthissed cattbva, gared , t he
said nultipath interference and/ or coupling conmponent having a maxi mum
del ay ti nme,comprarisens! wittd stAlRGIbhgtdfoedYOwE digeritHAHsNgh the digiullatlonisi | t er
based on a plurality of digital filter coefficients and s arranged to
generate a g i J : ] L i i s iy or
s?ﬁ%l?%dn?%%&?ﬁ'e éé’éﬂoﬁ%@éf@h?ﬁ&le\‘}‘ %&J 5@@%@@@&.@3@ ?:ISné

reducing in erence I'n e second srgnal, eac Igital I'ter
coefficients of the digital filter i fyi th i,rst signal . at irw se
e dePay Sty anuafit ow nash SyslERe afy e ARularolb BgPbe fiied
determnes the digital filter (o coefficients . derivi ng ai qibs_cr_ete

Fouri er tréh’é"&ﬁ QAisIpR deakbpymlers. giignuerRth sGhgnigation @nd fleeke iming i er
transform of the second signal to derive correction values for said digital
filter coefdrecassitraedxior besisieal.nThaerelay piativry systemnis seosidered: dmsd or mi ng
said correction values into the tinme domain by an inverse Fourier transform
oper at i on, rhbiéipdihgitinag-irfviariaat creeinkl. cirenTablben natheo pafamédtdrsisaskdrfor he ti ne
domai n correction val ues, wherein: the product of Tp and the nunber of

digital fil Aaf fhiaCé gl ; tg gh : ' del ay
e of thes‘i@ggagmguthbi %cg{tﬂlﬁg SardRIISHES LARL S 3h |/ hesHpath huliBathrenainem
10 are shown. The simulations shown in the figures assume that C(w) is

constant for all frequencies o.

Table 1 Parameters of the SFN Repeater System Simulations

Amplitude ratio of coupling wave : 2dB
DU

Delay time of coupling wave wave : 2.09us
Te

Phase of coupling wave : 6 45 degrees
Device noises of master station : 40dB
C/N,

Relay station noise : C/N; 40dB
Delay time of multipath : T, 0.984us




«.interference and/or coupling conponent of the first signal, and 47 ~ 1
FEB 2003 the inverse Fourier transform generates a nunber of output tine
‘dormai n' val ues equal to or slightly larger than the nunber 2 df F&B giogal filter
coefficients. 19. Arelay station incorporating a coupling cancellation
unit s according to any of clains 15 t8 18 . .AAA.A.A UAN®A N3.A A3. A
_.A, RA3.A3 1.A e.A3. Au. A
. AFe. Af. Ay. Asy. A . B8 YRR W - Al LAY AF T AY A0 -2
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We will now explain the simplified IFFT used in the invention. Figure 6 shows
10 the computer simulation results of the 64QAM-OFDM coupling cancellation
unit in a multipath channel with an IFFT size of 2048 points and 256 points
for different coupling delay times. Obviously, the cancellation unit system
performance can be maintained even if the IFFT size is reduced from 2048 to
256 provided that the delay time of the coupling waves is smaller than FIR
15 filter tap length. This simulation is performed using a conventional

cancellation unit, without CPE.

Table 2 IFFT Computation Quantity
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Total number of carriers : K 1405/Symbol

Number of data carriers : Kd 1287/Symbol

Pilot carrier, etc. : Kp 118/Symbol

FFT size : Neer 2048

FFT sample frequency : fs 8.12693...MHz

Effective symbol length : Ts 252us

Guard intervals : Ty 63us(Ts /4)

SP interpolation carrier filter

Linear approximation

SP interpolation symbol filter

Same value interpolated

within 4 symbols

Updating rate of FIR filter

coefficient

4 symbols/one updating

Error correction

None

Figures 7 and 8 show the results of the computer simulation of the 64QAM-

OFDM coupling cancellation unit convergence characteristics in a multipath

5 channel using the conventional method and the new proposed method

(referred to here as Channel Pre-Estimation, CPE) under the same channel

condition which is the working limit of the cancellation unit which uses the
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greatly. The cancellation unit using CPE can work well at DU,=3dB for p=1

and DU,=2dB for n=0.5, while conventional methods are only suitable for

DU=9dB and DU,=5dB respectively.

10  We turn now to the application of the invention to the case of differential
modulation. Table 4 shows the parameters used in the simulation of DQPSK-

OFDM modem.
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Transmission bandwidth : 5.575...MHz
BW
Total number of carriers : K 1405/Symbol
Number of data carriers : Kd 1405/Symbol
FFT size : Nret 2048
FFT sample frequency : fs 8.12693...MHz
Effective symbol length : Tu 252us
Guard intervals : Tg 63us(Tu/4)
Error correction None

For assessing convergent characteristics, the signal-to-noise ratio of
5 respective symbols of the receiver was used after delayed detection. Figure
10 shows the block diagram of the method of calculating the signal/noise

ratio I'snr at the receiver. The same definition as equation (31) determines

the signal/noise ratio I'syr(i) for i-th symbol.

10 Figures 11, 12 and 13 show the result of computer simulations of

convergence characteristics of a DQPSK-OFDM coupling cancellation unit.
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the methods in this case are totally conventional.

2. Using the DPSK method to estimate the desired signal plus the

. conventional algorithm to cancel echoes using Equation (9).

3. Using the DPSK method to estimate the desired signal plus the
10 Channel Pre-estimation (CPE) method to cancel echoes using

Equation (15).

From Figure 11, 12 and 13, we can see that the DQPSK method is much
better than the PSK method. This is because the conventional method
cannot really estimate the desired signal in the multipath channel without a
15 signal that consists of the channel phase. In addition, we can see that our
most preferred method (case 3, which incorporates both of our proposed
improvements) can achieve DU,=5dB and outperform the other methods.

Note as DU, decreases, the system performance becomes worse.

20 In summary, the presently proposed method, Channel Pre-estimation (CPE),
improves the system performance greatly and outperforms the conventional
method. By using channel pre-estimation, the relay station can function in an

environment which includes a multipath channel which has deep fading.
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second signal w1th ampllflcatlon, said first signal including a master signal
transmitted through a multipath transmission channel which is subject to

multipath interference in the said transmission channel and a coupling

component derived from the second signal, the method comprising:
10 (i) interrupting said transmission of the second signal;

(ii) deriving an estimate of said multipath interference and storing the

derived multipath interference estimate;
(iii) resuming said transmission of the second signal; and

(iv) modifying said digital filter coefficients using said stored multipath
15 interference estimate and said second signal, to reduce the difference

between said second signal and said master signal.

2. A method according to claim 1 in which said step (iv) is repeated
iteratively, whereby the difference between said second signal and said

master signal is successively reduced.

20 3. A method according to claim 2 in which, upon performing each step

(iv), a first parameter is derived characterizing the difference between said
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traversing said predefined convergence value, at least one step is performed,
5 using said received signal but not using said stored multipath interference

estimate, of updating said digital filter coefficients to reduce the difference

between said second signal and said master signal.

5. A method according to claim 3 or claim 4 in which, after said first
parameter traverses the predefined convergence value, a second parameter
10 characterizing the difference between the second signal and the master
signal is repeatedly derived, and, upon said second parameter traversing a

predefined divergence value, said steps (i) to (iv) are repeated.

6. A method according to any preceding claim in which the relay station
modifies the first signal by passing it through a coupling cancellation unit
15 having an input receiving the first signal and an output outputting said second
signal, and including said digital filter and a subtracter, the input of the
coupling cancellation unit being an input to the subtracter and an output of
the subtracter being passed to the output of the cancellation unit and to an
input of the digital filter, the subtracter subtracting the output of the digital

20 filter from the received signal.

7. A method according to claim 6 in which the output of the coupling
cancellation unit includes a switch, the second signal being selectively

transmitted via the switch to an amplifier which amplifies the second signal
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the second signal and a discrete Fourier transform of said estimated
multipath interference to derive correction values for said digital filter
coefficients expressed in the frequency domain; and transforming said
correction values into the time domain by an inverse Fourier transform

10 operation, the digital filter coefficients being modified based on the time

domain correction values.

9. A method according to claim 8 in which each of the digital coefficients
of the digital filter modifies the first signal at pairwise time delay intervals Tp,
the product of T, and the number of digital coefficients being substantially
15 equal to a maximum delay time of a mulitpath interference component of the

first signal.

10. A method according claim 9 in which the inverse Fourier transform
generates an number of output time domain values equal to or slightly larger

than the number of digital coefficients.

20 11. A method according to claim 9 or claim 10 in which the inverse Fourier
transform operates on a number of frequency domain values lower than the

number of subcarriers used in practice.
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filter coefficients minimizes an estimated error in the estimation of differences

5 between consecutive segments of the master signal.

13. A method according to claim 12 in which the format of the master
sighal encodes symbols by phase differences between consecutive

segments.

14. A method of modifying the values of a plurality of digital filter
10 coefficients for use by a digital filter which is a component of a relay station,
the relay station successively receiving a first signal, modifying the first signal
using the digital filter to form a second signal, and transmitting the second
signal with amplification, said first signal including a master signal transmitted
through a multipath transmission channel which is subject to multipath
15 interference in the said transmission channel and a coupling component
derived from the second signal, the said multipath interference and/or
coupling component having a maximum delay time, each of the digital filter
coefficients of the digital filter modifying the first signal at pairwise time delay

intervals T,, the method including:
20 deriving a discrete Fourier transform of the second signal;

employing said discrete Fourier transform of the second signal to
derive correction values for said digital filter coefficients expressed in the

frequency domain; and
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substantially equal to the maximum delay time of the said multipath

interference and/or coupling component of the first signal, and

the inverse Fourier transform generates a number of output time
domain values equal to or slightly larger than the number of digital filter

10 coefficients.

15. A coupling cancellation device for a relay station, the relay station
receiving a first signal and transmitting it to a coupling cancellation device,
receiving a second signal from the coupling cancellation device, transmitting
15 the second signal to an amplifier and transmitting the amplified second

signal,

the coupling cancellation device including a digital filter based on a
plurality of filter coefficients and arranged to generate a correction signal for
combination with the first signal for reducing interference in the second

20 signal, the first signal including a master signal transmitted through a
muitipath transmission channel which is subject to multipath interference in
the said transmission channel and a coupling component derived from the

second signal, a digital signal processing unit which determines the filter
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circuit receiving the correction signal from the digital filter and subtracting the

correction signal from the first signal to generate the second signal.

10 17. A coupling cancellation device according to claim 16 in which the
digital signal processing unit transforms the second signal into the frequency
domain using a FFT to extract signals over pilot carriers for estimation of the
channel transfer function, the digital signal processing unit including a switch
for selectively transmitting the channel transfer function to a multipath

15 interference estimation unit or to a digital filter coefficient determination unit.
18. A coupling cancellation device for a relay station, the relay station
receiving a first signal and transmitting it to a coupling cancellation device,
receiving a second signal from the coupling cancellation device, transmitting
the second signal to an amplifier and transmitting the amplified second

20 signal,. the first signal including a master signal transmitted through a
multipath transmission channel which is subject to muitipath interference in

the said transmission channel and a coupling component derived from the
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the product of T, and the number of digital filtter coefficients is

20 substantially equal to the maximum delay time of the said mutlipath

interference and/or coupling component of the first signal, and
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