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The stringent dynamic-range requirements for the ADC 130 arises from the fact that the
channelization function 140 of the wide-band receiver 100 is carried out digitally. The
ADC 130 is hence exposed to wideband radio signals, which may contain strong
interfering signals. Such requirements cannot be fulfilled by existing systems. The
stringent requirements for ADC dynamic range inhibit the implementation of a wideband
receiver. The techniques for solving this problem are related to research areas such as
dynamic range reduction in multi-carrier signal processing and interference cancellation.
Some of the existing techniques which attempt to address the ADC dynamic range

problem for a wideband receiver, are summarized below.



problem for a wi deband receiver, are summarized bel ow.
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received signal being reconstructed and tracked using a Phase Lock Loop (PLL).

Interference suppression is achieved by combining the phase-inverted and scaled PLL
output with the original reéeived signal. Since the system of US Patent No. 5,826,181
involves a PLL, the system can only track a narrow-band signal modulated at a single
carrier frequency, which is always the signal with the largest power. This scheme does
not work if the desired signal is stronger than, or has the same power as, the blocking
signals, because the desired signal is locked by the PLL and hence suppressed. Another
disadvantage arises when multiple strong blocking signals are present. The PLL may fail
to track any of the blocking signals, or the suppression of one of the blocking signals may

not be sufficient in reducing the dynamic range of the received signal.



not work if the desired signal is stronger than, or
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SUMMARY

In accordance with a first aspect of the invention, a method for processing an input
wideband signal containing a desired signal and a plurality of interfering signals is
disclosed. The input wideband signal is split into a first signal for a first signal path and a
second signal for a second signal path. The first and second signals are each an analog
representation of the input wideband signal. The second signal is digitized to provide a
digitized second signal. The desired signal is suppressed in the digitised second signal to
provide a plurality of interference-dominant signals. A phase shift is applied to the
plurality of interference-dominant signals to provide a plurality of digital, phase-shifted
signals through the second path that is substantially the same as a phase shift through the
first path. The plurality of digital, phase-shifted signals are converted into analog form to



second signal for a second signal path. The first and
second signals are each an analog representation of
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approximately the maximum input range of the digitizing means. The amplitude of the

interference-suppressed, input wideband signal may be controlled. The interference-
suppressed, input wideband signal may be scaled to provide a scaled interference-
suppressed, input wideband signals that swings over approximately the maximum input

range of the digitizing means.

The phase-shifting applying step may be implemented using an adaptive filter having
coefficients that can be constantly updated using a filter-weight-updating algorithm so

that variation of the characteristics of the input wideband signal is able to be tracked.
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The input wideband signal may be scaled to provide a scaled first signal that swings over
approximately the maximum input range for the digitizing step. Alternatively, the
interference-suppressed signal may be scaled to provide a scaled interference-suppressed

signal that swings over approximately the maximum input range for the digitizing step.

Tn accordance with further aspects of the invention, apparatuses are disclosed for
implementing the methods of the foregoing aspects of the invention. These and other

aspects of the invention are set forth in detail hereinafter.
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of the invention. These and other aspects of the
invention are set forth in detail hereinafter. WO
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descri bed hereinafter with reference to the draw ngs,

i ich.. Fig. 1 is a block diagramof a w deband )
s@g%ragbli’%}ﬂ&%gﬁa@c‘éﬁ W?t?mFd‘(’b .gyr@mlg g reshietion Hygegpdence with an
SerShodliaeat FHhOND&HoG: F ange reduction in accordance

with an enbodi nent of the invention; Fig. 3 is a

bl ock di agram of anot her system for dynam c range
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Spiglc o alkergata BRSoAnchD6f P RFEAEMR; Of signal s at nodes A,
B, and C, respectively, of Fig. 2; Fig. 5is a block

di agram of a sinul ated system based on GSM st andar ds;

o, 4P R0F BB o seab B S BTt Bl poghs A, B, ana
dr.apipecepily taf Fgp. &; BER conpari son (BER vs SNR(dB))

between a feedforward formin accordance with an
enbodi nent of the invention and a conventi onal

FRProB8ahblockdfiforam of a simulated system based on GSM standards;

Fig. 6 is a spectral graph of the power spectrum (dB) of a received signal of a GSM

receiver; '

Fig. 7 is a graph depicting a BER comparison (BER vs SNR(dB)) between a feedforward
form in accordance with an embodiment of the invention and a conventional approach;

and

Fig. 8 is a graph depicting a BER comparision (BER vs Ep/No(dB)) between the

feedforward and feedback forms in accordance with embodiments of the invention.

DETAILED DESCRIPTION

Methods and apparatuses for processing an input wideband signal containing a
desired signal and a plurality of interfering signals are described hereinafter. Numerous
specific details are set forth including filter types, simulation models and tools, and the

like. However, it will be apparent to those skilled in the art that modifications and/or



Fig. 8 is a graph depicting a BER conparision (BER vs

Eb/ No(dB)) between the feedforward and feedback forns
w0 pooaossagiance with enbodi nents of the inventiPEI/SG2002/000196

DETAI LED DESCRI PTI ON Met hods and appar at uses for

processing an input w deband <slgnal containing a

desired signal and a plurality of interfering signals

are described hereinafter. Nunerous specific details

be@tlﬁlﬁbng ) ‘% Be gt tlfc'kéw whthbiredephitid Frons ﬂimb@id ﬂlﬂ sp1r1t of the
nodel s and tools, and the |I|ike. However, it be

wpntunntlntodletr brstmcesk faatuses well knewmia thesgkilled in the art have been

5oy BrPaf et AR GHERe B gcpar 1 ng

fromthe scope and spirit of the invention. In other

i nstances, features well known to those skilled in the

Hrgt 2 haw blogk dingrate delricties SranipFangs riﬂueﬁlorbﬁﬁ?lt%l%‘& iggogudance
bscur i o
i g rORBT RO R, B 2Rkt eyt iplementadin e mor
bompast ariaseaere. thib m gctitedivnesnin aocfordieh]ee Mmh@mbodtments of the

o SarERTIEA o1 Bp e MOE T PUT [Re PSRy For case of
¢ e%ﬁi)ﬂ@ﬁ‘ Gfte X\ﬁr{gppt%ﬂﬁ g?éﬂﬁ@ﬁ S Bk abdhfectifdy art éx@[hnﬁfd&namly based on

red as the feedforward and feedback forns
ker fead forward Fom 200sef Bif. 2, besase pf itorelativily streigbtfprwaid grehitecture.
operation of the architectures are explained mainly
based on the feedforward form 200 of Fig. 2, because

@‘Eedﬁ)ﬁvg{rghg%th@ y strai ght forward architecture.
Feedforward FormIn Fig a received w debaﬂd Si 8naL. h
ic

200ig. &, 4 reseivedwidrbaed ﬂg@% 290 sfblnptl‘ft?éﬁloéflé to gspifier 21
rovides se t
% v1cger§d;e%zi,¥at§ 1§>tu tlgc% sglg‘%r%ct% @F’r‘?ﬁ ?%ﬁn aliu?%ﬂa{&%buéa)in-contml
|(Ab1@1)|cﬁduﬁ\®£2 labeified $ye3ca. r Tina spécmlma of deabeabcdwidebrddrignal 210 is
gnal 210 is depicted in, Fi

SRDRER 286 AChs Bt S<oneiaiseT iU CAHSS PP Iiipegienas
%ﬁifférgﬁt%ﬁnéiq{erqgé{cﬁsrv@%‘ég BSW@lsls WARAGarBOMBAN & ediiédRignal. The

esired signal. The output of
smmut af turtrago 21 Bisnode chhwhl is npiug to anether AGGpiseuicd14, labelled

TSt o AR 5 AT 318 ERYt i 200 sic
%ﬂé élgtlm#ayzm Rerirsth} idate@rbyaAd AGT I II@dﬂd}ﬂ@lﬁ@écﬁ@ mbcnrm with
214 and digitised by ADCl1, 216 V\n(golp rel ativel

Iroaily G davaraso IO e o IhE QOB OF AteCo 2 esiags Hiat the input signal
TEADHEP 2&5 %écuﬁaﬂ:% tﬁ%ﬂtmﬁdt%l’?ée of the ADC1 216.

The output of ADC1 216 is coupled to a channelization filter 218 and a control input of
an adaptive filter 228. The ADC1 216 can also optionally be coupled to a combiner 232.
The output of the adaptive filter 228 is coupled to a digital-to-analog conversion (DAC)
circuit 230 and an optionally to another input of the combiner 232. The output of DAC
230 is coupled to the subtractor (- input) 212. The channelization filter 218 and the
combiner 232 provide a digitized digital signal 220 and digitized wideband signal 234,

respectively.

The output of AGC2 222 is coupled to ADC2 224, which is in turn coupled to a bandstop
filter 226. A chamnel selection module controls the bandstop filter 226 and the
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significantly affected by the subtraction. The spectrum of the signal at the output of the
subtractor 212, at node C, is depicted in Fig. 4(c). AGC2 222 serves the same purpose as
AGCI1 216. Since the strong interfering signals are suppressed, the dynamic range
requirements of ADC2 224 are consequently mitigated. Optionally, the outputs of the
ADCI 216 and the adaptive filter 228 can be summed to provide the digitised wideband

signal 234 for multiple channel signal processing.

Feedback Form
Like feedforward form 200 of Fig. 2, the feedback form 300 shown in Fig. 3 is able to

suppreés strong interfering signals by using only one set of ADC 316 and AGC 312

instead of two in the former. The received wideband signal 210 is input to an AGC
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original signals at node A of Fig. 2. The output
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anal ogue signal by a DAC 230. Having synchronous

bl ocki ng signals at both inputsy-the subtractor 212
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tlﬂf the subtractor 314. Such a feedback loop suppresses the strong interfering signals in

the wideband-received signal 310 before the wideband signal is digitised. Hence, in order
to retain the statistical information of the interfering signals required by the adaptive filter
328, the reconstructed interfering signals from the adaptive filter 328 are added back to

the suppressed digitised signal by the combiner 318, before being passed through the
bandstop filter 322.

Since the suppressed digitised signal serves the error function (Simon Haykin, Adaptive
Filter Theory, 3™ edition, Prentice Hall, 1996, pp. 370) for tuning the taps weights of the
adaptive filter 328, a delay is added to align this signal with the output of the bandstop
filter 322. Depending on the required signal, this feedback form can generate either the



pass w thout attenuation. The output of the bandstop

filter 322 is provided to the adaptive filter 328.
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input to each of the channelization filter 320 and
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The channelization filter 218, 320 in both forms 200, 300 extracts the desired signal from
the input for further signal processing. Both being digital, the channelization filter 200,
300 and the band-stop filter 226, 322 can be reconfigured by the channel selection block

236, 324 to receive different channels.

Comparing Figs. 2 and 3, the feedback form 300 of the technique requires only one set of
ADC and AGC. Hence, the latter has more power saving and is more suitable for mobile

handset implementation. The two forms also have comparable performance. However,
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Fig. 5 is a block diagram illustrating the simulated system 500, including a GSM
transmitter 510 and a GSM receiver 550. The GSM transmitter 510 includes a data
source 512, GSM frame generator, a differential encoder 516, and a GMSK modulator
518, connected sequentially. The output of the GSM transmitter 510 is provided to an
AWGN channel 520. The output of the channel 520 is summed using summet/combiner
530 and a signal from an interfering signal generator 540. A simple AWGN channel has
been used in the simulation. The interfering signals are assumed to be GMSK modulated

and have the same bandwidth as the desired signal. The interfering signals are modulated
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The BER performance of the feedforward form 200 and the conventional approach is
compared in Fig. 7. For both the feedforward form 200 (“Feedforward”) and the
conventional approach (“ADC”), the BER performance improves when ADC resolution is
increased. However, for feedforward form 200, the improvement is marginal for ADC1
resolution above 10 bits. In fact, the three curves for the feedforward form 200
corresponding to ADC1 of 10, 11, and 12 bits almost overlap with each other, and with
the curve corresponding to conventional approach with ADC resolution of 13 bits. This
shows the employment of a dynamic range reduction technique in accordance with the

embodiments of the invention results in the ADC dynamic range reduction of 3 bits,

equivalent to 18 dB.

Case 2
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Advantageously, embodiments of the invention can adaptively suppress unwanted signals
so as to reduce the dynamic-range requirement of the digitizer in a wideband receiver.

* Further, unlike other existing techniques, embodiments of the invention are able to
differentiate a desired signal from interfering signals by employing a bandstop filter
centred at the desired carrier frequency. Still further, to correct the phase-shift incurred
on the interfering signals by the filtering process, an adaptive filter is used in the
embodiments of the invention. Still further, suppression of the interfering signals is
carried out by subtracting the phase-shifted interfering signals from the received signal.
With the technique in accordance with the embodiments of the invention, suppression of
the interfering signals can be achieved, without distorting the wanted signal even when
the wanted signal has same power as the interfering signals. With the adaptive filter, the
technique is able to suppress time-varying interfering signals. With the two forms of
architecture, namely feedforward and feedback forms, this technique has the flexibility of

implementing different forms of architecture depending on the hardware requirements.



feedback form the ADC is set at 10 bits. The received
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desired signal at - 99dBm Both the feedforward and

f eedback forns 200, 300 have sil#i-l ar performance and
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Mor eover, the dynam c range reduction technique in
accordance with the enbodi nents of the invention has
the flexibility of different fornms of inplenentation
dependi ng on the hardware requirenments. Another

i nportant advantage of this technique is its
capability of suppressing time-varying interfering
signal s. Advant ageously, enbodi nents of the invention
can adaptively suppress unwanted signals so as to
reduce the dynam c-range requirenment of the digitizer
in a w deband receiver. Further, unlike other
exi sting techni ques, enbodi nents of the invention are
able to differentiate a desired signal from
interfering signals by enploying a bandstop filter
centred at the desired carrier frequency. Stil
further, to correct the phase-shift incurred on the
interfering signals by the filtering process, an
adaptive filter is used in the enbodinents of the
invention. Still further, suppression of the
interfering signals is carried out by subtracting the
phase-shifted interfering signals fromthe received
signal. Wth the technique in accordance with the
enbodi ments of the invention, suppression of the
interfering signals can be achi eved, w thout

di storting the wanted signal even when the wanted
signal has sane power as the interfering signals. Wth
the adaptive filter, the technique is able to
suppress tinme-varying interfering signals. Wth the
two fornms of architecture, nanely feedforward and
feedback forns, this technique has the flexibility of

i mpl enenting different fornms of architecture depending
on the hardware requirenents.
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2. The method according to claim 1, further comprising the step of digitizing
said interference-suppressed, wideband input signal to provide a digitised interference-

suppressed input signal.

3. The method according to claim 2, further comprising the step of extracting

said desired signal from said digitised interference-suppressed input signal.

4. The method according to claim 3, wherein said suppressing step is
implemented using a digital filter and said extracting step is implemented using a
channelization filter, and further comprising the step of changing coefficients of said
digital filter and said digital channelization filter to extract a different desired signal from

said digitised interference-suppressed input signal.
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characteristics of said input wideband signal is able to be tracked.

10.  The method according to any one of the preceding claims, further
comprising the step of making a delay through said first path equal to a delay through said
second signal path.

11. The method according to any one of the preceding claims, further

comprising the step of controlling the amplitude of said second signal.

12.  The method according to claim 11, wherein said second signal is scaled to
provide a scaled second signal that swings over approximately the maximum input range

of said digitizing means.



10. The nethod according to any one of the preceding
clains, further conprising the step of naking a del ay

W booetsps4sai d first path equal to a del ay thr oRgiS€zI02/000196
second signal path. 11. The method according to any
one of the preceding clains, -flir-t her conprising the
step of controlling the anplitude of said second
signal. 12. The nmethod according to claim 11, wherein
said second signal is scaled to provide a scaled
second signal that swi ngs over approximtely the
maxi mum i nput range of said digitizing neans. WO
2004/ 032348 PCT/ S 2/ 000196
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14.  The apparatus according to claim 13, further comprising means for

digitizing said interference-suppressed, wideband input signal to provide a digitised

interference-suppressed input signal.

15.  The apparatus according to claim 14, further comprising a digital
channelization filter for extracting said desired signal from said digitised interference-

suppressed input signal.

16.  The apparatus according to claim 15, further comprising a channel
selection circuit for changing coefficients of said digital filter and said digital
channelization filter to extract a different desired signal from said digitised interference-

suppressed input signal.



digitizing said interference-suppressed, w deband
i nput signal to provide a digitised

WO niogsBaence- suppressed i nput signal. 15. ThePCT/SG2002/000196
apparatus according to claim 14, further conprising a
digital channelization filterl8f-or extracting said
desired signal fromsaid digitised interference-
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any one of clains 14 to 16, further conprising a
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for making a delay through said first path equal to a

delay through said second signal path. 22. The
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fa%efalgf%rl sacicci) %srt Isfglnglgpath for making a delay through said first path equal to a delay
through said second signal path.

22.  The apparatus according to any one of claims 13 to 21, further comprising

an amplitude-scaling circuit for controlling the amplitude of said second signal.

23.  The apparatus according to claim 22, wherein said second signal is scaled
to provide a scaled second signal that swings over approximately the maximum input

range of said digitizing means.

24.  The apparatus according to any one of claims 13 to 23, wherein said
phase-shifting circuit is an adaptive filter having coefficients that can be constantly
updated using a filter-weight-updating algorithm so that variation of the characteristics of

said input wideband signal is able to be tracked.
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28.  The method according to any one of claims 25 to 27, further comprising
the step of extracting said desired signal from said digitised interference-suppressed

signal.

29. The method according to claim 28, wherein said suppressing step is
implemented using a digital filter and said extracting step is implemented using a digital
channelization filter, and further comprising the step of changing coefficients of said
digital filter and said digital channelization filter for extracting a different desired signal

from said digitized signal.

30.  The method according to any one of claims 25 to 29, further comprising
the step of reconstructing a digitised input wideband signal from said digitised

interference-suppressed signal and said interference cancellation signal.



the step of extracting said desired signal fromsaid

digitised interference-suppressed signal. 29. The
woredohosk3axcording to claim 28, wherein said suppr/ecHiORg00196

step is inplenmented using a digital filter and said

extracting step is inplenmente@0using a digital

channeli zation filter, and further conprising the step

of changing coefficients of said digital filter and

said digital channelization filter for extracting a

different desired signal fromsaid digitized signal.

30 T&h nefThe thettmdacdirpgtto aamyna)mfsclmmsQISa*bﬁﬁ fafhéracomprising

SR a PoB R S ial PIFRYHISA SEcH et 1G4 et swings

b%r%b{n%&ﬁﬁﬁ@l’ystﬁ@ﬁfaﬁﬁﬁﬁﬁil ORAbe #daRIa; tl.'zﬁi Qleper ence
cancel |l ati on”si gnal 004/ 032348 P 002/ 000196

-20 31. The net hod according to any one of claims 25

to 30 ri s the step.of | i sai d . .
nput 5% de i EeDRETSr B 5p 50T 08 Sulineit pTopRBhGpmerising
tHaatepSofisbdling sQitEihteRfeRmO-kiFHr€syd §1g§a1 R@#oVII® d SRRMH interference-
range for said digitizing step The met hod
aepsrssechyena) thahywangs ower a@pmmatzhf they meximym inyé range for said

ﬁ?ﬂr the step of scaling said
g ’%‘% g‘%ce suppressed signal to provide a scal ed

|nterference- suppressed signal that sw ngs over
approximately the maxi muminput range for said

di gi t Bzi ng Astapparall forproegspiag ah gt eidddand sigsalrgntaihing a desired
|nput wi deband si.gnal .containing a desired . signal and

sigpgl fnd jaintyralify of dRterierdng signads, @ﬁgwgparg@ﬁ QOBPHHRSt us

conpr ?%%cto"i‘ f%%f fn@lanfa@810 Hﬁ:ﬂ&;f ﬁéé'&n@éilaﬁﬂﬁgﬁﬁal from an
interference cance atl on signhal froman I nput

wipdebyatetiasd gjgizdl to proprda\andm:esfnrencﬁ-stppsasmﬂmgr&dgp pressed

si gnal for digitiz
it or PSRBT R Sigiine el i et SpBergresd sisasLic arapidy o digitized
sicgimal ; a digital filter for suppressing said desired
S|gnal in said digitized signal to provide a
r ef er e digita] Altesripesuppecssisg gang desiepd sighabin spisl dipitized sigpgl to provide
EE%%&%E@QmQﬁ%&%egﬂmﬁfIter paranmeters said reference
erence
an adaptive filter for filtering based on filter parameters said reference interference

signal from said digitised signal to provide a digital interference cancellation signal;
meaus for converting said digital interference cancellation signal into analog form

to provide said analog interference cancellation signal.

34.  The apparatus according to claim 33, further comprising a signal combiner
for combining said digital interference cancellation signal and said digitized signal after
cancellation from said digitizing means to provide a reconstructed digitized signal for

input to said digital filter.

35.  The apparatus according to claim 33 or 34, further comprising means for
making a delay in a signal path for said interference-suppressed signal equal to a delay

through a signal path for said reference interference signal from said digital filter.
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