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A recejver receives spread spectrum signals which also. include unwanted narrowband signals, for example, radio signals which
compﬁse a mixture of signals from signal sources using the Group Special Mobile (GSM) ETSI standard coding and from signal sources
using Code Division Multiple Access (CDMA) coding. In the invention both despreading of the spread spectrum sngnal and attenuating of
predetermined frequencies (corresponding to the narrowband signal) of the spread spectrum signal are performed pnor to downconverting.
In another approach to decoding a spread spectrum s:gnal in which an unwanted narrowband signal has been-coded using a coding scheme
with error correction capabilities the narrowband signal is decoded, regenerated and subu-acted prior-to deq:reading of the spread spectrum |
signal. :
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spectrum recei ver, the narrowband signal_ causes interference in the
decoded spr eagSources; Hﬂeq tﬂ?n §pec|al Mobile (GSM) ETSI standard coding and from
signal sources using Code Division Multiple Access (CDMA) coding.
10
Demand for systems and services which require the use of the radio spectrum has
recently far outstripped the capacity of present systems. This means that future
systems must provide significantly improved spectral efficiency. One technique
which has been suggested is to allow wideband spread spectrum signals to share a

15 common spectrum with conventional narrowband signals.

Spread spectrum signals use a bandwidth which is in excess of the minimum
bandwidth required to transmit the information in the signal. One method of
generating a spread spectrum signal is known as pseudo random noise modulation

20 (or direct sequence modulation). The spectrum of a signal is spread ‘using a
spreading code at the transmitter. A corresponding receiver uses the same code to
despread the spectrum. The technique used to despread the spectrum to
regenerate the original data signal has the effect of spreading the spectrum of any
other signals which are not correlated with the spreading code used by the

25 transmitter. Where, as is usual, several wideband signals from different sources
(using different codes) share the same frequency spectrum, this technique is
known as Code Division Multiple Access (CDMA).

The transmitted narrowband signal generally has a high power spectral density
30 compared with that of the transmitted wideband signal. In the narrowband signal
receiver.the wideband signal creates interference in the narrowband signal. Equally,
once the combined received signal has been decoded by a spread spectrum
receiver, the narrowband signal causes interference in the decoded spread

spectrum signal.



2 One net hod whi ch has been used to reduce the interferénte between
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narrowband signal prior to despreading the spectrumto decode the
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decode the spread spectrum signal.

10 _ . o
There are problems with using such techniques to reduce the cross signal
inferference. To minimiée the signal removed by the attenuation filters which is.
outside the band used by the narrowband signal, filters with very sharp cut-offs -
are required.

15
However, in a system such as the GSM cellular network adjacent ceills have -
transmitters using different frequencies. Therefore the receiver is required to
receive different frequency bands according to which transmitter is being used.
Filters which are required to atten'uaie these narrowband frequencies need to be

20 programmable. Programmable filters are most easily achieved with digital hardware
which implies the use of high order finite impulse response (FIR) filters. Such filters -
.currently only work on signals up to a maximum of a few tens of megahertz so it is

most convenieht to implement such filtering at baseband.

26 Milstein and Schilling. “The CDMA Overlay Concept”, International Symposium on
Spread Spectrum Technologies and Applications 1996, disclose a spread spectrum
transmitter and receiver which utilise a notch filter. The receiver performs filtering

simultaneously with despreading at baseband.

30 Any non-linear distortion to the signal prior to attenuaﬁng those frequencies used
by the narrowband signal means that any signal in the narrowband frequency
range introduces noise outside that range. The power spectral density of the
narrowband signal is typically many tens of dB higher than the power spectral
density of the wideband signal. Any components between the radio frequency



whi ch inpli.es the use of high order finite inmpulse response (FIR) filters.

Such filters
tens of negahe
at baseband.
| nt ernati ona
Applications 1
which utilise
si mul t aneousl y
distortion to
t he narrowband

range i ntroduces noi se outside that range. The power spectral density of

currently only work on'signals up to a maxi nrum of a few

|t is nost conveni ent to inplenent @[5 ring
w?é913%7+ stein and Schilling. "The CDVA Overl ayiwﬁg 40531%

Synposi um on Spread Specd3rum Technol ogi es and

996, disclose a spread spectrum transmtter and receiver

L] t r iver performs filterin
PocORE Bl ecfiar AT WS 8 J5RY 1RSE iy ot i fef g i
nbige intrydadedintocdhe remaiving idebiand) siphal by shicle gorelinsiae distostixhs.
signal neans that any signal in the narrowband frequency

t he nar r owlfaa chosiligear cading yeithad sy usesihyo irereasefthe Riyinamiveranghaof $uvh

power spect rgil
the radio freq

10

15

20

25

uency

compor@ﬁ&"fﬁhﬁﬁ{ ttfbfre LJgerewlmad?gbléljng If'('f}lthe QWle%] WSERR&%:JASE Weeg

Therefore the problem with known systems which utilise an attenuating filter, is
that performing filtering at baseband requires components prior to the filtering step
to have a very large dynamic range, but filtering at high frequency is not possible
using currently available digital programmable filters.

According to the present invention there is provided an apparatus for decoding a
spread spectrum signal comprising
means for generating a despreading signal for despreading the

spectrum of a signal;

means for despreading the spectrum of a signal using the despreading
signal;

means for downconverting a signal to produce a lower frequency signal;
and

means for attenuating predetermined frequencies of a signal;
wherein the despreading means. is connected to despread the spread spectrum
signal prior to downconverting' and the attenuating means is connected to
attenuate predetermined frequencies of the spread spectrum signal prior to
downconverting.

Preferably the received signal is a composite signal comprising a spread spectrum

signal component and a narrgwband signal component which has a much higher

30

power spectral density than the spread spectrum signal component and the

attenuated frequencies are those present in the narrowband signal component.

.Optionally the spectrum is de- spread using a pseudo noise code.

Advantageously, the attenuating means is connected to attenuate predetermined

frequencies of the despreading signal and the resulting notched despreading signal

by
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10 signal from a local oscillator to provide an upconverted notched despreading signal;
and mixing means connected to mix the upconverted notched despreading signal

with the spread spectrum-signal.

According to another aspeci of the present invention, thers is provided an
15 apparatus for decoding a spread spectrum signal which has been transmitted via a
transmission channel, said signal comprising a wanted spread spectrum signal -
component and an unwanted narrowband signal component, the narrowband signal
' ha§iing been coded using a coding scheme with error correction capabilities, said
apparatus comprising a narrowband signal subtractor containing
20 - means for decoding and correcting the composite signal according to the
narrowband signal coding scheme to provide a decoded version of the narrowband’
signat;
means -to estimate the amplitude and phase characteristics of the
transmission channel;
25 means to encode the decoded corrected signal according to the
narrowband signal coding scheme to produce an estimated narrowband signal;
means to adjust the phase and amplitude of the estimated narrowband
signal according to the estimated amplitude and phase characteristics; and
means to subtract the adjusted signal from the received composite signal

30 to provide an estimate of the spread spectrum signal component.

Preferably the narrowband coding scheme can aiso detect uncorrectable errors and
in which the decoding means is arranged upon detection of an uncorrectable error

to suppress the said subtraction.



attenuate predeterm ned frequencies of the spread spectrumsignal prior to
downconverting. 25 Preferably the received signal is a conposite signal

conprising a ectrum si gnal conponent and a narrpdoﬂém nal
conponent whi ?ﬁaﬁg%zzoormch hi gher power spectral density than tﬁieGJ
spread spectrum signal conponent and the & attenuated frequenm es are
those present in the narrowband signal conponent. 30 Optionally the
spectrumis de- spread using a pseudo noi se code. Advant ageously, the

attenuating neans is connected to attenuate predetermn ned f requenci es
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and attenuate the predeterm ned frequencies o read spectrum
si gnal . decoding means is arranged upon detectlon of an uncorrectab e error to cause the

5 attenuating means to be used.
Corresponding methods for decoding spread spectrum signals are also provided.

Embodiments of the present invention will be described, by way of example only,

10 with reference to the drawings where

Figure 1 shows the carrier to interference ratios for a high power spectral density

narrowband signal and a low power spectral density wideband signal;

Figure 2 shows a block diagram of a known composite signal transmitter using a
15 notch filter to attenuate some frequencies in the transmitted wideband signal;

Figure 3a shows a block diagram of a conventional spread spectrum signal

receiver;

Figure 3b shows a block diagram of a known spread spectrum signal receiver with

a suppression filter to attenuate some frequencies in the received wideband signal;
20 Figure 4 shows a data signal encoded using a seven bit pseudo noise code;

Figure 5 shows a possible receiver architecture which despreads the signal prior to

down conversion;

Figure 6 shows a hypothetical receiver which uses a notch filter to attenuate

predetermined frequencies of the received signal prior to downconversion of the
25 signal;

Figure 7 shows a receiver which combines the despreading and filtering of the

signal prior to downconversion in accordance with one embodiment of the present

in\)ention; |

Figure 8 shows combined despreading and filtering means according to an
30 embodiment of the present invention;

Figure 9 shows combined despreading and filtering:- means according to an

embodiment of the present invention;

Figure 9a shows combined despreading filtering and dowconversion means

according to another embodiment of the present invention;



According to another aspect of the invention there is provided an apparat.us
for 5 decoding a spread spectrum signal conprising neans for generating a
despreadi ng signal for despreading the spectrum of the signal; and
attenuati ng MOM88270 connected to attenuate predeterm nedPFRIYENE? es of

t he despreading signal to provi de agnotched despreading signal;
characterised in that the apparatus further conpri ses m xi ng neans
connected to_m x the notched despreading signal with a 10 signal froma
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to the n
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t he esti mat ed andra vwidehantl transmitter 3 transmitting a wideband signal 4. The wideband = -
~ transmitter and the narrowband transmitter are connected to an adder 5. The-
~ wideband signal and the narrowband signal are summed at the adder 5 to create a:
15 composite signal 6. Of course, different transmitters in different locations may be -
used, the effect as far as the present invention is concerned is identical. The"
- composite signal is received by a wideband signal decoder 8 where the signal is-
- decoded producing a new composite signal 9. The spectrum of the original -
wideband signal 4 is despread .by the decoder producing a decoded signal
20 component 4’ of the new composite signal 9 and the spectrum of the original
narrowband signal 2 is spread to produce a new component 2’ of the new
composite signal 9. The new composite signal 9 has a carrier to interference ratio - -

. 10 for the decoded wideband signal 4'.

25 As far as the narrowband signal is concerned, the composite signal 6 has a carrier
to interference ratio 7. To increase the carrier to interference ratio 7 for the narrow
band signal 2 a notch filter may be inserted in the wideband signal transmitter 3 to
attenuate the frequencies used by the narrowband signal. Such a notch filter will
reduce the interference caused to the narrowband signal by the wideband signal. -

30 Figure 2 shows a known widsband signal transmitter 15 comprising an encoder 11
connected to a notch filter 12 which is in turn connected to a modulator 16 and
upconverter 17. The notch filter 12 is used to filter a wideband signal 13 to

produce a notched signal 14 which is modulated and upconverted prior to summing



signal according to the estimated anplitude and phase characteristics;
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To increase the carrier to interference ratio 10 for the despread wideband signal 4’
a notch filter may be inserted in the wideband signal decoder 8 to attenuate the
frequencies used by the narrowband signal. Figure 3a shows a block diagram of a
conventional spread spectrum signal receiver which comprises a receiver amplifier
23 which is connected to the wideband signal decoder 8 which comprises a
downco'nverter 18 which is connected to a demodulator 19 which is in turn
connected to. a despreader 21. Of course, demodulation may take place either
before or after despreading. Figure 3b shows another embodiment of a wideband
signal decoder 30 in which a notch filter 20 is used before the despreader 21. To -
minimise the spectrum removed from the wideband signal a notch filter with very

sharp cut-offs is required.

One method of coding a data signal to generate a spread spectrum signal is to
chop up an information bit into smaller increments of time which are known as
‘chips’. These chips are generated by imposing a pseudo noise code onto the data
signal. Figure 4 shows a digital signal encoded using a seven bit pseudo noise -
code. In a practical implementation a pseudo noise code would be much longer
than this. Pseudo noise codes are selected on the basis of particular mathematical
properties which make the encoded signal appear somewhat noiselike. A
corresponding decoder which knows which pseudo noise code has been imposed
on the data signal is used to despread the spectrum of the spread spectrum signal -

to retrieve the original data signal.

A disadvantage of despreading the signal at baseband as shown in Figure 3a is
that any noise added to the signal by the downconverter 18 or the demodulator 19
will result in interference. It is theoretically possible to despread the received signal
before downconversion as shown in Figure 5. In the wideband signal decoder 31
only noise in the narrower bandwidth of the despread signal 9 (see Figure 1) will
cause interference, and the result of such interference will be less as the despread
signal has a much higher power spectral density than the original wideband signal.

However, a suppression filter is required before the despreading step, as shown in



Correspondi ng net hods for decoding spread spectrumsignals are also

provi ded. Enbodi nents of the present invention will be descri bed by
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shows conbi ne spreadi ng nean accor
10 be achieved using programmable digital filters in currently avallable hardware. An

arrangement using analogue filters, where the required filter was selected from a
bank of available filters would be possible, if unwieldy. '

Figure 7 shows a block diagram of a spread spectrum’ signal receiver in which both
15 the despreading and filtering of the signal are performed together. Such an -
arrangement has the both the advantages discussed above, namely reduced noise
bandwidth and that the only component requiring a large dynamic range is the
. receiver amplifier 23. The composite means may be implemented as shown ‘in
Figure 8. Here a PN code generated by a PN code generator 27 is filtered at
20 baseband by a digital programmable notch: filter 26. The filtered PN code is then
used to despread the incoming signal using a mixer 25, thus achieving the
. despreading and filtering of the incoming signal simultaneously, at the received
. frequency. After mixing by the mixer 25 the signal is filtered by a band-pass filter
35 and amplified by an amplifier 36.
25
Figure 9 shows an improved arrangement which can be implemented with currently
available hardware. Mixers which are optimised to operate with one high frequency
. and one low frequency input, such as is required for the mixer of Figure 8, usually
require a high power high frequency signal. However, in the embodiment shown in
30 Figure B the high frequency signal is a low power signal from an antenna. In the
embodiment shown in Figure 9, the mixer 25 is replaced by two mixers 28 and 29
and a local oscillator 34. The mixer 28 therefore receives a high power signal from
the local oscillator 34 which is mixed with the filtered PN code received from the
notch filter 26. This high power signal is then mixed with the low power signal



30 enbodi nent of the present invention; Fi gure 9 shows conbi ned
despreading and filtering neans according to an enbodi nent of the
present inventiyybesszze Fi gure 9a shows conbined despreadi ng bickicRbdgdgsoand
dowconver si on means according to anot her enbodi nent of the present

i nvention; 9 6

Figure 10 shows a receiver which has a narrowband signal subtractor

according to receﬁ}%defm%m'bnm aﬁﬂﬁleprzgs fhid &Y%Bhgﬂn the recdivédSi§nat s Show
details of a narrowb subt ract or gure shows a nore
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Figure 13 shows an enbodi ment of the present. invention in which the
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are detecteds afigerl N which a notch filter is used under those
circunstances. 10

In the arrangement shown in Figure 9 the signal produced by the mixer 28 is
symmetrical about a centre frequency (F.) and has two ranges of attenuated
frequencies at F, + the frequencies attenuated by the attenuating notch filter 26.

10 The result of this is that twice the amount of the spectrum is removed than is
necessary. If a further upconversién stage 50,51 is employed as shown in Figure
9a then the PN code is upconverted to an intermediate frequency within the
operating range of the notch filter 28 so that the signal produced by the mixer 28
only has one range of attenuated frequencies.

15
Figure 10 shows a block diagram for another receiver 39 for decoding a composite
signal comprising a high power narrowband signal component which has been
coded using a coding scheme with some error correction capabilities; and a low"
power spread spectrum signal component. The narrowband signal subtractor 40

20 removes the high power narrowband signal component prior to despreading the
spread spectrum signal component. In the narrowband signal subtractor 40, the
composite signal is decoded according to the narrowband signal coding scheme,
any errors introduced into the narrowband signal as a result of the low level spread
spectrum signal are corrected at this stage and the resuitant narrowband signal

25 estimate is subtracted from the composite signal, resulting in a wideband signal
which is a good estimate of the transmitted spread spectrum signal. Clearly the
receiver 39 would be advantageous for receiving a signal in which the frequencies
in the narrowband frequency range were not attenuated by the transmitter
according to figure 2.

30
It would be possible to perform the narrbwband- signal .subtraction after
downconversion and demodulation. However, if the narrowband signal subtraction

is done prior to downconversion and demodulation then there is the advantage, as



Figure 1 shows a narrowband signal transmtter 1 transmtting a nar.rowband
si gnal 2 and a wi deband transmtter 3 transmtting a w deband signal 4.
The wi deband transmtter and the narrowband transmtter are connected
to an adder WO i deband signal and the narrowband EST{E®RM30% sumed
at the adder 5 to create a 15 conpositqsignal 6. O course, different

transmtters in different |ocations may be used, the effect as far as
the present i,nventjon (s co ern(? s identical,. The nposi te signal
i s recei ved f§cuss Bée(‘!é?t‘fﬁlysﬂbaﬁa?"‘ﬁé%é"é’te“’S’ \ﬂﬂ‘@?*ée't%“g?‘bﬁ%lhaY% a largejacoded

produci ng a dwameorgpgel te signal 9. The spectrum of the original

w deband signal 4 is despread by the decoder producing a decoded signal 20
conponent 4' of the new conposite signal 9 and the spectrum of the original
nar r owband angmaH 12sHoWs$preamrbdmnp pbthearrawb & slglm)annnhto? '‘4004thdré Gheﬂ ew

conposi te si The ne site s al , 9 has carrier to
mterferensze rotv"band 3'8‘1% sorC%p%P %sé@oa%%aw%ebegﬁ'a @I %‘ﬁ?ﬂﬁ“‘e s'g% SAs f ar
as t he nar r oddvaotiilased) sl a i GSM odeaoduiatior #2.e Thenfeidi demadutptarl 48 ihaledes carri er
tointerfere I_ngr, rrier tQ interf e tio 7
For the nar rargiere Urgh cdrreckn dfG'RRERshiIEs o biufeq Sk RricBlBHGR i 1,0

wi deband si gmtectioramsmrs.t thus3retoving somiet enatitaf thiecerfare duteniucess bysay by t he

wband t
onouend, SR Sl IRl Cinddh il Wpoduph Rl el & SRS
a known viCiemagated gnal GSM Mamr# toPredugp an sswgatamf énn:tn@r@mlthd GSM
connect ed t Ogigndl OfHe\GEM! thédulater H\‘a{nﬁbﬁ #éwhﬁa érH)'i’ '&oﬁ&gﬂﬂ%édanhqnéru | ator 16

and upconverter 17. The notch f | S use eband
si gnal 13 t oS necepgapy B Pacallelgvith the @?‘QMP" fzpdmneﬁu'?fsowaeﬁ meeraceavﬂﬂ'

upconverted gdngdsitt QighbiNEigiecessed by a GSM channel estimator 43. This provides an
estimate of the phase and amplitude changes and mulitipath delay introduced by -

15 the transmission channel. These estimates are used to adjust the phase and

-amplitude of the estimated signal by an inverse equaliser 45. This adjusted signal

is subtracted by a subtractor 46 from a delayed version of the received composite
signal. A delay element 41 compensates for the delay introduced by the elements

42, 44, 45 and 43. The GSM demodulator 42, the GSM modulator 44 and the

- 20 GSM channel estimator 43 may be implemented using commonly available

- standard GSM: microchips. The inverse equaliser 45 may be implemented using a

programmable digital filter.

In practice it may be necessary. to perform the inverse equalisation at a lower
25 1{requency than the received frequency, in which case the upconversion which is
included in the GSM modulator 44 would be carried out instead after the inverse

equalisation performed at 45.

Figure 12 show a block diagram of an improved narrowband signal subtractor 40’ -

30 which can be used if the narrowband signal coding scheme can detect
uncorrectable errors. If an uncorrectable error is detected by the demodulator 42
then an output 50 is used to control a switch 51 and the narrowband signal
subtraction at 46 does not occur.



7 . at the adder 5 with the narrowband signal 2. Again, if different

transmtters in different |ocations are used there is no materi al
effect on the invention. To increase the carrier to interference
ratio 10 for tWO3¥® ead wi deband signal 4' 5 a notch filt BEFTGRIP/AGLS0
inserted in the w deband signal decoder 8440 attenuate the frequenci es

- used by the narrowband signal. Figure 3a shows a bl ock diagramof a
conventi onal gr ead, spectrum signal receiver which conprises a receiver
anplifier ?%ﬁ hows aflork fiagramoof; anothyr earbedinest gh al namomiard s@nehi ch
- conprises a  sulstPaMesTOsl/Ebdrvectkd tohd ehnbme@@ag\%écﬁd ah@ rdtdhefies At Qhichd
which is in turn,10 .co nect §?r %g“@?des eader course, denodul ation

may take pl ace BIHE fhe espr “'af a"d@?b”@ﬁd???d)”’ﬁ"g@ﬁ&@@%%
anot her enbodi thenoutpét B0 s ukedandtontrol both g bwHeT 86 ab b’ﬁrﬁadsrhdmiﬂb'andi sighkich

filter 20 t he rea e spectrum
rlem)ved frlo;5 ?Eﬁaﬁl&?g’gand tglcaﬁtﬁlp sW@Féﬁ%fﬁ ‘E?ﬂm\m"‘fhﬁ%értgé Rotch'; ng?ér%ﬁ is
cut-offs is rebvwraseetl. When an Qneorrettabld efrorc 0sli diecdted] atha ﬁarﬂnﬁ&anﬂos@ﬁﬂerate

‘a spread spect gym ahignal b\}pgsseg and the notch filter 26 is used instead.



chop up an information bit into smaller increnments of tine which ar.e known

as "chips'. These chips are generated by inposing a pseudo noi se code
onto the data signal. Figure 4 shows a digital signal encoded using a
seven bit ps¥QA¥HRH se 20 code. In a practical inplenent ZFERYWYeudo

noi se code woul d be nuch | onger thayp this. Pseudo noi se codes are

sel ected on the basis of particular mathemati cal properties which make
t he encoded signal appear sonewhat noj seil i ke. A correspondi ng decoder
whi ch knows whi ch pseudo noi se code HaAIMEen | nposed on the data signal

I's used to despread the spectrum of the spread spectrumsignal 25 to
retrieve the, origihal data 3 di sadvant age of despreadi ng the

i gnal,. A di
signal at bakeband":2PPERBIRTOf &ecﬁf"ﬁﬂraesp?édisgectmm PR CAMP"E se added to the
si gnal by the downconweaberforl Yeneratinge ad despreddinigosigadl for despldadingStHet i n
interference, l1 is.theoretically possible to despread the received signal
30 befortrakcds(?\fﬁ%%'ﬂ\?tfarass?gg‘ﬁﬁas shown in Figure 5. In the w deband signal
decoder 31 oninmeangifere despraading rthe rspestrurb axf cavisignél wding Ithe desppeading si gnal
9 (see Figurg "'lajf wil | cause interference, and the result of such
interference W11 be |less as the despread signal has a nuch hi gher
power spectral demssany ferndawnchaventingya rsignalioderioduns & layveslfrequencytkignakier ;' a
suppression fi4d ter is required before the despreading step, as shown in
0 | means for attenuating predetermined frequencies of a signal;

wherein the despreading means is connected to despread the spread spectrum

signal prior to downconverting and the attenuating means is connected to

attenuate predetermined frequencies of the spread spectrum signal prior to

downconverting. '

16

2. An apparatus according to claim 1 in which the received signal is a

_ composite signal comprising a spread spectrum signal component and a

narrowband signal component which has a much higher powsr spectral density

than the spread spectrum signal component and the attenuated frequencies are

20. those present in the narrowband signal component.

- 3. An apparatus according to claim 1 or claim 2 in which the spectrum is de-

spread using a pseudo noise code.

25 4, An apparatus according to any of the preceding claims in which the
attenuating means is connected to attenuate predetermined frequencies of the
despreading signal and the resulting notched despreading signal is connected to
simultaneously despread the spread spectrum signal and attenuate the
predetermined frequencies of the spread spectrum signal.

30

A



8 . Figure 3b, in order to reduce interference fromthe narrowband

signal 2 (see Figure 1) and it is currently not possibl efpto igrgrupl (Iiasrrent
programuabl e di,g otch filters ~ wth very sharp cut-o /b s
operate at the%%ﬁhﬁequenci es required. S It would also %—g

advant ageous to performthe filtering befdBe the downconversion and

denodul ati on because then only conponents which procezs t he s!gnallbefgrg
the filter woukd nee ) ' . avoi d .noi se being
i ntroduced dueh'to no’?nfz P%ﬁgra% |égaﬁ( EI gﬁi?%ggg'?ﬁ%\%gégé{u y%%'?ﬂ%é’i"f‘)‘eﬁﬁ'"g
architecture for meansh (21 r tog eganerating odedaspreading nsignal ofve ddespreadiogisthe such
an ar chit ect ur gpde@utofifé sigRalPgndichi eved using programmabl e digital filters
in currently avail abl e hardware. An arrangenent using anal ogue filters,
where the required fattanestingsaeans| (26} eepneetgrhta attenudse pledeterminad Ifretiencies| t er s

woul d be possi bf the debprestimEsigdal to providefd rbiéed ded ndsighdtck di agram of a
spread spectrum si %nagl) recg;i g%r I n which both 15&?%1\2 gleegpreadl ng and

filtering of tfRATRGEFsed inthat the IvparAtYs ughet epprissuch an ~arrangenent has
the both the ad?/ant afiRing thhédhe 38 canested ltamlt%e ﬁ@cghgiﬁ?hasﬁg&gﬁﬁg stiq?gpafﬂqw dth
and that the only conponent requiring a |arge dynamc o
recei ver anpl i ?lsépa'fg)m ‘?ﬁ‘écal:Bﬁ‘Fggé‘?rt@gH?amg‘"aﬁﬁ becanyprtechpetchad daspeaading i n
Fi gure 8. Her esigndNareiode generated by a PN code generator 27 is filtered at

i gl ilter 26. The filtered PN
g gdeb{fe? ﬁgﬁ) by a dlf%&ltnglmé%g %ﬁmgelc%e ?ot r%& tLL upconverted notched despreading

signal with the spread spectrum signal.

6. An apparatus for decoding a spread spectrum signal which has been
15 transmitted via a transmission channel, said signal comprising a wanted spread
spectrum signal component and an unwanted narrowband signal component, the
narrowband signal having been coded using a coding scheme with error correction
capabilities, said apparatus comprising a narrowband signal subtractor containing
means for decoding and correcting the composite signal according to the
20 narrowband signat coding scheme to provide a decoded version of the narrowband
signal;
means to estimate the amplitude and phase characteristics of the
transmission channel;
means to encode the decoded corrected signal according to the
256 narrowband signal coding scheme to produce an estimated narrowband signal;
means to adjust the phase and émplitude of the estimated narrowband
signal according to the estimated amplitude and phase characteristics; and
means to subtract the adjusted signal from the received composite signal
to provide an estimate of the spread spectrum signal component.
30
7. An apparatus according to claim 6 wherein the narrowband coding scheme
can also detect uncorrectable errors and in which the decoding means is arranged
upon detection of an uncorrectable.error to suppress the said subtraction. |

' R O Y



used to despread the incom ng signal using a mXxer 25, thus achieving the
despreading and filtering of the incomng signal sinultaneously, at the

recei ved frequency. After m xing by the mxer 25 the s iltered
by a band- pa%® %P$H¢ 35 and anplified by an anpl |f|er"%éf?lmﬂ}gosl"“I

Figure 9 shows an inproved arrangenent which can be inplenmented with
currently avai |l abl e hardware. M xers which are optimsed to operate

wi th one high frequen and gne | ow frequency in such as i
Fequi red forSe he i cPpares direrds 1 pmy ¥ Hiker, SBRerse BREBoME: i gn
frequency si géuatinip Ry feéquencied bE theigil eméspdhding to thedfarrdwigmd esighat he hi gh

frequency signal is a.low power,_signal from an _antenna.
enbodi nment sg "ept I'l"’rbeuer"é 'g‘e f’ﬁcé’d X%y sa'?aé‘B? ceqd” b&?&%nmo;(ear"s 28 and

29 and auncderattable@rrot tit @ausSthe aftepuatinganedd8 to heusddor e recei ves a hi gh
power si g%l from the local oscillator 34 which is mxed with the
filtered code received fromthe notch filter 26. This high power
signal is th8n ni xedettiodifor dasoding/ajsoread spéaymurl signal comprising the steps of

9~ received framthe 20LeRRIRRinal fof Hedreading th bSecRlAGIARLEM; t he

received signal is
despreading the spectrum of a signal using the despreading signal;

downconverting a signal to produce a lower frequency signal; and
10 attenuating predetermined frequencies of a signal;
wherein despreading of the spread spectrum sighal is performed prior - to
downconverting and attenuating of predetermined frequencies of the spread

spectrum signal is performed prior to downconverting.

15 10. A method according to claim 9 in which the received signal is a composite
. signal comprising a spread spectrum signal component and a narrowband signal
‘component which has a much higher power spectral density than the spread
~ spectrum signal component and the attenuated frequencies are those present in - -
the narrowband signal component.
20
11. A method according to claim 9 or claim 10 in which the spectrum is de-

spread using a pseudo noise code.

12. A method according to any one of claim 9 to claim 11 in which the
25 predetermined frequencies of the despreading signal are attenuated and the
resulting notched despreading signal is used to simultaneously despread the spread
spectrum signal and attenuate the predetermined frequencies of the spread

spectrum signal.

30 13. A method for decoding a spread spectrum signal comprising the steps of
generating a despreading signal for despreading the spectrum of the
signal; and
attenuating'predetermined frequencies of the despreading signal to provide

a notched despreading signal;

* C L M H] *



sinmultaneously filtered downconverted and despread, so the downconverter 18
may be omtted or if further downconversion is required the downconverter
18 may be wilbahddsf- The mixer 28 and the mixer 29 may be éﬁﬁhﬁ?f'ﬂﬁov"ith
a single 5 mXxer. In the arrangenent shown in Figure 5 t he signal
produced by the m xer 28 is symretri cdb about a centre frequency
(F[err]) and has two ranges of attenuated frequencies at F[err] [err]
the frequenci egngrbt@nse iRdndbing ReuRla'sGRHEdobriof! Glpd of ter 26. 10 The -
result of this is that twi ce the anount of the spectrumis renoved than is
necessary. |f a furtRefndihedietehed dgapreadingsigual 3uith & signglifrored loeal obeillaton n
Fi gure 9a tdprovidacnRicemibitell HottRE® BYSHLREhgl furdl ahdt er medi ate frequency
wi thin the operating range of the notch frlter 28 so that the signal
produced by the mi xefMXng the upgprvertad petehgdy igerreading tsignabitveith fthegsrseast es.

15 Figur® gfecthmy\&igmalll ock di agram for another receiver 39 for decoding
a conposite signal conprising a high power narrowband signal conponent
whi ch has been coded using a coding schene with some error correction

capabilities; and a AOwethod PeHVabcotitig@ad sprRaE ! Epe@ramd3RhalC YRR AL - bddie
narrowband signal subtractor 40.20 renoves the high power narrowband signal
conponent pri of 2PYNHEEL 32 ZdtraNsMissien changgl sald %Q’@gt"f’ﬁ‘ﬁf'ﬁ'!‘% MavapgdplReas . I n
t he narrowbandspécied sighidltdoipofiéntZdhd drhBnwanted PERGWDAMR Sigith) BbmipSnéHRC aked
accordi ng tf t he nagr%\séggi'ng sL%nEI- codi ng schene, any errors introduced
into the nal®oRBER¥PHY al' having been, foded fisipg @ qogifa) seheme ¥itheatepr correctionct r um
si gnal are cor cambiitiest sdid imetisdidaipeiuding riahewbeasd sigaslt subtraétddApiRingle 25
estimate is SUQ{?BQ%; ed fromthe conposite signal, resulting in a w deband

si gnal whi Ch'TS a good estimate of the transmtted spread spectrum
signal. Cearly the decoding and correcting the composite signal according to the narrowband

signal coding scheme to provide a decoded version of the narrowband signal;
15 estimating the amplitude and phase characteristics of the transmission -
channel;
encoding the decoded corrected signal according to the narrowband signal’
coding scheme to produce an estimated narrowband signal; '
adjusting the phase and amplitude of the estimated narrowband signal
20 according to the estimated amplitude and phase characteristics; and
subtracting the adjusted signal from the received composite signal to

provide an estimate of the spread spectrum signal component.

15. A method according to claim 14 wherein the narrowband coding scheme
25 can also detect uncorrectable errors and in which upon detection of an

uncorrectable error the step of subtracting the narrowband signal is omitted.

16. A method according to claim 15 including the optional step of attenuating
the frequencies of the signal corresponding to the narrowband signal component

30 wherein upon detection of an uncorrectable error the attenuation step is
performed.

.



recei ver 39 would be advant ageous for receiving a signal in which the
frequenci es in the narrowband frequency range were not attenuated by
the transmtter according to figure 2. 30 It would be possible to
perform the nAPPHIMBEhA signal subtraction after downc o REECBIHMIINJ
denodul ati on. However, if the narrowbgand,gi gnal subtraction i's done
prior to downconversion and denodul ati on then there is the advantage, as
10 - di scussed previously, that only the receiver anplifier 23 need to
have a | arge dynam c range. Figure 11 shows an enbodi ment” of the
narrowband si gnal subtractor 40 where the 5 narrowband signal is coded
using GSM A received conposite signal is denodul ated by a GSM
denodul at or 42. The GSM denodul ator 42 incl udes forward error
correction and deinterleaving, as required: During denodul ation error.
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correction .occurs, thus renoving sone or all of the errors introduced by
any spread spectrum signal conponent. The denbdul ated corrected signal

is then 10 nod y a GSM nodul ator 44 to produce an estj he
o f3827 bgﬁbﬁs 130
e

transmtted GS signal. The GSM nodul at or provi des forwar rror
correction bits and interl eaving s/ d@cessary. In parallel with the
nodul ati on and denodul ati on steps the received conposite signal is
processed by a GSM channel estinmator 43. This provides an esti mate of

t he phase and anplitude changes and nulitipath delay introduced by 15 the
transm ssion channel. These estimayes are used to adjust the phase and
anplitude of the estimated signal By an inverse equaliser 45. This adjusted

si gnal is subtracted by a sub ctor 46 froma del ayed version of the
recei ved conposite signal. A ; ay elenment 41 conpensates for the del ay

i ntroduced by the el enents 42404 45 and 43. The GSM denodul ator 42,
t he GSM nodul at or 44 and -"é'e-sf channel estimator 43 may be

i npl enent ed using conmonly avai l cé}- ?;angard GSM mi crochi ps. The

i nverse equal i ser 45 may be inpl engnted dsing a programabl e digital
“filter. In practice it may be necessary t¢ performthe inverse
equalisation at a |l ower 25 frequency than the r¢ceived frequency, in which
case the upconversion which is i ncl uded in.fthe GSM nodul at or 44 woul d
be carried out instead after the ipvefse eI isation perforned at 45.
Figure 12 show a bl ock diag:-am-a-t—él i mpr oved owband si gnal subtractor
- 40" 30 which can be used]if the narrpwband signal codi ng schene can detect
“uncorrectable errors. If |an uncor rect able errorfis detected by the

denodul at or 42
/- vy
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then an output 50 is used to control a switch 51 and the narrowband si gnal
subtraction at 46 does not occur.

11 Figure 13 shows a bl ock di agram of another enbodi ment of a

narr owband sWQA¥E2T0 subtractor 40" connected to a conbi nEETEEEOBYder and
notch filter 24" which repl aces 4 hejglespreader 21 (Figure 10) an

i nproved receiver. In this enbodi nent the output 50 is used to control
both the switch 51 to bypass narrowband signal 5 subtraction and to
control a swtch 52 to control whether the notch filter 26 is bypassed.

When an uncorrectable error is detected the narroyjband signal

subtraction is bypagsed and the notch filter 26 i 9 used instead.
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12 . . CLAI M5 1. An appar at us
for decodlng a spread spectrum signal conprising nmeans for
generating a desgreadl ng signal for despreading the 5 spect '?99 @3

si gnal ; 8Wans for despreadi ng the spectrum of a 5(5%% i %g t he
despreadlng si gnal ; nmeans 16or downconverting a signal to
produce a | ower frequency si gnal ; and 10 nmeans for attenuating
pr edet ermi ned frequencies of a signal; wherein the despreadi ng neans is
connected to despread the spread spectrum signal prior to
downconverting and the attenuating nmeans is connected to attenuate
predet erm ned frequencids of the spread spe¢trumsignal prior to "~
downconverti ng. ) An appar atus ag¢cordi ng t%__]ain11 in which the
recei ved signal i conposite signal conprising a_spreag spectrum

si gnal conponent famd—a—  narrowband signal conponent_which has a nuch

hi gher power spegtral density than the $pread spectrunlsﬂgnal conponent
and the attenuatdd I[eg%encies are 20 _those present in the ngrrowband

si gnal conponent.

Al

Figure 4

data signal
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3. An apparatus according to claim1 or claim2 in which the spectrum:is
de- spread using a pseudo noi se code. 25 4. An appar at us
according to the preceding clains in which the ting means
S connectedwﬁg%ag%énuate predet ermi ned frequenci es of thé%&%ﬁgggg‘}eading
signal and the resulting notched despreadi ng signal is connected to

si mul t aneousl y despread the spread spectrum signal and attenuate the
predet erm ned frequencies of the spread spectrumsignal. 30

13 5. An apparatus (33) for decoding a spread spectrum si gnal
conpri sing means (27) flor generating a despreading signal for
‘despreading the speg}run1of t hg signal; and
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attenuating neans (26) connected to attenuate predeterm ned frequencies 5
of the despreading signal to provide a notched despreadi ng signal;
characterised J t he apparatus further conprises .XI NQ
means (28) connec%e oto m X the notched despreadi ng signal V\fct:ﬂcmwoﬂ?sg
signal froma local oscillator (34) t6 pnlvide an upconverted notched

despr eadi ng signal; and 10 m xi ng nmeans (29) connected to m X
t he upconverted notcheg despreadi ng signal w gh the spread spectrum

si gnal . 6. n apparatus for decoding Spread spectrum si gnal

whi ch has been 15—ttantmit-t-et g -gtransm-esie ~ehennel , said signal
conprising a wantied spAeae A spect rum si gnal conpadnent and an unwant ed
nar r owband si gnali conpoNent, the narrowband si gnal havi ng been coded
usi ng a codi ng sghe 'n;a-‘g'rror correction capapilities, said
apparatus conprising a rowband signal subtractor icontaining

means for decoding and,cofrecting theﬁom te RJn,aI according to the 20
narrowband si gnali codifgg fchenme to pr - a dmk version of the

nar r owband sijgnal- Frepng tjo estl mat a t he anplitude and
phase characterigtics ranpi sgi on cjgaﬁnsl , means to

encode t he decoddd cd ) I——a‘:@r gt § Ehm 25 narrowband si gnal
codi ng schene to iprodice (St ed| i rionbgng. §i gnal ; means
to adjust the phdse ang anplitude of tl',za dsti nated rﬁarrowband si gnal

according to theiesti

it ed anpl i fude emd—phase—eheracterigtics; and
nmeans to subtracti the

adj usted s 9,na§ fromthe recelved conposi te signal

&

&}

25

Notch Filter \\

PN code
generator

Figure 8




to provide an estimate of the spread spectrum signal conponent. 30 . 7.:
An apparatus according to claim®6 wherein the narrowband codi ng schene

can al so detect uncorrectable errors and in which the decoding neans is
arr anged WOI9BB2Zt ecti on of an uncorrectable error to F&F Wiihe said
subtracti on. ) 7710 14 8.
An apparatus according to claim 7 further conprising neans for
attenuating the frequencies of the signal corresponding to the narrowband

si gnal conponent wherei.n the decodi ng means is arranged upon detection
of an uncorrectable error to cause the attenuating neans to be used. 5
9. A nethod for decoding a spread spectrum signal conprising the steps
of generating a despreadi ng signal for despreading the spectrum
of a signal; despreadi ng the spectrum of a signal using the
despreadi ng signal; downconverting a signal to produce a |ower
frequency signal; and 10 attenuating prgdeterm ned frequenci es of
a signal; N -
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wher ei n despreadi ng of the spread spectrum signal is perfornmed prior to
- downconverting and attenuating of predeterm ned frequencies of the spread
spectrum si gnau,o'bﬁog.ﬁ,rforned prior to downconverti ng. 15 PScreofpeidft hod
according to claim9 in which the received signal is a conposite Si gna
conprising a spread spectrum signal c8npdfient and a narrowband signa
conponent whi ch has a much hi gher power spectral density than the spread
spectrum si gnal conmponent and the attenuated frequencies are those present

in t he narrowband signal conponent. 20 11. A et hod according to
claim9 or claim10 in which the spectrumis de- spread using a pseudo
noi se code. 12. A net hod according to any one of claim9 to claim
11 in which the 25 predeterm ned frequenci es of the despreading signal are
attenuat ed and the resuld ifg not ched] despreading signal is used to
si mul t aneously despread. thé spread spectrum si gnal and attenuated he
predeterm ned freguendi es of gthe spread spectrum si gnal . 30 /13' A
met hod for decodi hg a [spregd ispect r M sTgnar~—comprisiny-tie-stepsof
generating a desp‘eadinq/§kg@al for despEeading t he spectrum of the
signal; and " tercuat i ngipredeterm ned frequencies of the
despreadi ng signa to@ro i de
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a not ched despreadi ng signal;

15 characterised in that the nmethod further conprises steps of

m xi ng the notched despreading signal with a signal froma | ocal ‘§C|Ilator
to provide aWO3RBMW erted notched despreading signal; andFCTGBIN00!

m xi ng the upconverted notched desppeadpng signal with the spread 5

spectrum si gnal . 14. A nethod for decoding a spread spectrum

si gnal which has been transmtted via a transm ssion channel, said
signal conprising a wanted spread spectrum si gnal conponent and an
unwant ed narrowband signal conponent, the 10 narrowband signal having been
coded using a coding sihenme with error correction capabilities, said
met hod i ncl udi ng narroEband signal subtraction conprising the st eps of
decodi ng and correctin

t he conposite signal aCCO;QLEQ to the narrowband
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si gnal codi.ng schenme to provide a decoded version of the narrowband signal;

15 estimating the anplitude and phase characteristics of the

transm ssi on channel ; encodi ng the decoded corrected signal
according to tW@9&¥bwband si gnal codi ng scheme to prodBEHCHE/00130

esti mated narrowband signal; 10 / 1@dj usting the phase and anplitude
of the estinmated narrowband signal 20 according to the estimted anplitude
and phase characteristics; |and subtracting the adjusted signal

fromthe recei ved conposjt.e.signal.to provide an estimate of the spread

spectrum si gnal conponernt. 15. A neth according to claim 14
wherei n the narrowband god ng,.ﬁhem?fzé\‘ caq/gl so detegt uncorrectable
errors and i n which upor ection fof_"ah ancor rect bl & error the step
of subtracting the narrg shgngl 3 s|omjt ed. S A net hod
according to claim 15 idcl qﬁg'"the g]pt onel'gsge of aftenuating t he
frequencies of the signalf coryespordighg|tp |t egn rrowband signal conponent
30 wherein upon detectic Ef an undogX e¢tpl @ erkor the attenuation step is

per f or med.
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