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5 pilotusignal'would provide a reference for level and/or frequency
and/or phase, for example. The invention also, of course, relates
to applications where a reference signal is required but no pilot
signal has previously been used or contemplated.

The disadvantages of pilot signals include additional loading

10 for any circuit which uses the pilot signal, the provision of a
slot in the frequency spectrum for a pilot signal where it does ﬁot
interfere with other signals, and where the pilot signal is used to
characterise .changes in a transmission path, the characterisation
is strictly speaking only applicable to the frequency region

15 occupied by the pilot signal.

The present invention is particularly useful in the removal of
distortion in broadband linear amplifiers such as are described in
British Patent Application No. 9108920.1. Another method of
reducing distortion in such amplifiers is described in US Patent

20 No. 4,580,105 assigned to A.T & T (inventor Myer). The correction
method of this US Patent suffers from the above mentioned
disadvantages and a further disadvantage in that the pilot
restricts channel usage within the amplifier where a multi-channel
input is applied to the amplifier. Previously mentioned British

25 Application No. 9108920.1 overcame these problems by avoiding fhe
use of a pilot signal but a further problem exists . in the
particular situation where it is required to combine a large number
of input channels for application to the broadband Tlinear
ampiifier. Such an amplifier is usually used as the final power

30 amplifier of a radio transmitter and for this reason it must be
near a transmission antenna. The antenna is usually situated on
the top of a building where rentals are high. A large number of
input cables, one for each input channel, for example 30 to 100,
have to be run to the top floor of this building. In addition some

35 circuits have to be duplicated for each channel near the amplifief
and high rental space is required for this purpose.
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sighal where it does aot interfere with other signals, and where the pil ot
wsignal is used to charace changes in a transni ssion path the
characterization is strictly speaking onLyqupIicabIe to the frequency
regi on occupied by the pilot signal. The present invention is particlarly
useful in de renodmdthef dmperhantoapplicatienibefdthe nbawendipn i 1$ ein sadlo as

Feduci ng di stAPCRon 3 beh bl [ e itaftedtop et Flgdper TRINAE ©F
4,580, 105 assigled tb ceverder Fomaxample Nipep) tunrned . cbegedves ohi 9fed hodit 6
this U S Patigio.1edeP8and Obraiginf 8 Saf roMhidhe eveonethé OBafk df sedénsy.ages
A uriher L SeOMAN: 20% 4t Y SRR BineSted BUR! ARSIy TSl adiS a0
by using directional antennas and positioning transmit and receive
antennas as far apart as possible. However in many situations one
omnidirectional antenna is required and suitable spacing is
inconvenient. A similar application which uses a derivative of the
10  technique is in frequency translating repeaters. An advantage then
gained 1is the elimination of the cbmplex filtering otherwise
required in these systems.

In code-division multiple access (CDMA) each channel employs a
spread spectrum-- signal and the channel signals are added before

15 transmission. US Patent 4,962,507 describes a system in which a
pilot signal for transmitting a timing referencer is also
transmitted in spread spectrum form.

According to a first aspect of the present invention there is

- provided a method of processing signals comprising the steps of
20 combining a spread spectrum signal with an input signal to be
processed, '
processing the combined signals to provide an output signal,
deriving an intermediate signal dependent on the processed
combined signals and adjusting the phase and/or amplitude of the
25 intermediate signal in response to control signals,

combining the adjusted intermediate signal with the input or
the output signal of the said processing to improve processing, and

deriving the said control signals from the output signal.

Methods according to the first aspect of the invention, and

30 corresponding apparatus, may be used where the signals to be
processed are spread spectrum signals.

According to a second aspect of the present invention there is
provided a method of processing signals comprising the steps of
combining a reference signal, having a predetermined characteristic,

35 with the input signals which are not spread spectrum modulated,
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input is applied to the anplifer Previously mentioned U.S. Pat. No.
. 5,334,946 and 5, 157, 345 overcane these problens by avoiding the use of a
pilot signal but a further problemexistg _in the particular situation
Where it is required to conbine a | arge nunbergﬁ%_in ut, ch?nnels for
application to tHOCBFSHMhARE Fambdasd dapyt and. refrngnsh PRl it Previfeal |y
used as the protedse@ovgnadlpldrd er of a radio transmitter and for this

i tuated on the Sanr oL eI Foesanallva o 8 ARA PRSI iRer o
i nput cabl eFromnthel proeessiedi sifgnalshencehtrdlor abxiaapt epBaindlnGhehsaid to be
it § oot B3 PROGEERoClodi B Srubahl el finp bh WhEpraREedl SR 1ove, L0 0
requi red for thivhepaipdde. reference signal is a spread spectrum signal.

The second aspect of the invention is based on the realisation
that a spread spectrum reference signal can be used in a system
which does not otherwise employ spread spectrum signals.

10 The advantages of the invention include not having to provide
a portion of the spectrum for a pilot signal so that for exampile in
multichannel usage more of the spectrum is available for channels.
Since the spread spectrum signal is a noise-like signal 1little
additional 1load is imposed at any particular frequency and any

15 components. remaining in output signals appear as noise.

Thus the invention can be used in many applications to replace
a conventional pilot signal. Most advantage is gained with wide
bandwidth sysfems and for narrow band systems a conventional pilot
signal is usually better.

20 Where the reference signal is used to characterise a circuit
or transmission 1ink, the characterisation is broadband. )

A number of respective spread spectrum reference signals can
be used simultaneously if orthogonal random sequences are used to
generate the spread spectrum signals, since each reference signal

25 can be compared, or its non-random generating signal can be
recovered, using its particular referehce sequence. Thus multiple
reference signals can be used in the same circuit for different
purposes, or for similar purposes in different parts of the same
circuit. |

30 Other advantages include the ability to work with any
modulation scheme. Most control techniques can be easily modified
for use with spread spectrum reference signals since conversion to
this form and comparison, or recovery of a non-random signal,
employs simple known methods and circuits.
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.=2- Another inportant application of the invention is in radio repeaters,
cespecially for cellular radio, where a repeater for a "hole" in coverage,
for exanple in a tunnel, receives signalsgzat a low level and transmits at a
fi gh level on the same frequency. Instability is |ikely in such repeaters
but can usual |y Ba &b®icasdiobyenesitay anpliedtighamentionpsaaboysd possiSPTeRONI ng

transmt andsgR@fuMes Afadneas RS ubed, ABATE RScPed Shbhére [MRGRVErbdIBWBNY
situation ong ommidirectional .antenna is required and S| i.tabke s%%gri]ng i's
i nconveni ent .OAqE‘F'i‘ﬁ'Ifé(r LpPPTtagRi 8 \éhi E’H“f‘ﬁ@bgteﬁ doneLt i 5édbf Bhe
t echni que received by the repeater's receive antenna. This portion is then
5 subtracted from the input signal to the repeater's amplifier after

phase and amplitude adjustment in much the same way as is the broad

band amplifier application to provide an interference free signal

for transmission at high power so avoiding instability.

Extracting the said characteristic may include using a spread

10 spectrum reference signal or a replica thereof for comparison with
the spread spectrum signal forming part of the processed signafs,
or recovering a non-random signal used in generating the spread
spectrum signal from the processed signals. Recovery may be using
the same random sequence as for conversion; for example by using

15 the same or a similar random signal generator for recovery as for
conversion.

Since the said characteristic can be used either in
controlling processing after extraction of the characteristic or
before extraction, control can be seen to be either feedforward or

20 feedback. '

The characteristic may or may not be modified when the
combined input and reference signals are processed.

In the broadband amplifier application mentioned above, it is
the degree to which the reference signal exists in the amplifier

25 output which is important, that is its level, since in ‘this
application the reference signal can be regarded as a form of
specifically introduced distortion signal.

Thus in some forms of processing the said characteristic may
be modified between combination and use, and it may be that the

30 degree or way in which modification has occured is the function of
the characteristic which is needed for processing.

In another example, the level of the reference signal may be
the said characteristic, for instance when processing includes
transmission by some means from one location to another and

35  variable attenuation experienced by the input and reference,
signals is to be compensated when processing is carried out.
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|s in. frequency transl ating repeaters. An advantage then gained is the
-el i mination of the conplex filtering otherwi se required in these systens.
In code-division nultiple access (CDVA) systens each: channel enpl oys a
spr ead spectrum signal and the channel signals are added before

transm ssion. U $n Pame Nothes §oprms 507 presessings thesybaragsiteni siticchf athe | ot

signal for tyansdhte Eid]ﬁlarrkymbﬁgoESf ﬁﬁf&pews u§fed | regspa t hedram goread
spectrum form SUMVARY  OF Accord

first aspectPR¥Sibhe pREAREARd|TRIMRER o?P"lbI’l%?"e‘qns "bF'bv'F'lfed“B”Frefh%qéf and
processi ng sigNalse Ganghé conthel séepFocéssiagbi Nfory exampiregadthe peodquentysi gnal

with an |§1put Slé%nalabove mentioned non-random signal may be the said
characteristic, for instance when processing comprises demodulation
using a signal derived from the reference signals.
Thus the said characteristic may be frequency or signal level,
but other possibilities include. phase, or a combination of
10 characteristics. .
The spread spectrum signal may be of any type, for example,
one generated by changing frequency of a signal generator according
to a random sequence or by combining a series of pulses
representing “ones" and “zeros" with a tone. Other systems which
15 .may be used include time hopping in which signal bursts are
randomly sequenced in time and chirp systems in which each signal
burst has a narrow frequency bandwidth which rapidly sweeps the
entire bandwidth.
According to a third aspect of the invention there is provided
20 a broadband linear amplifier comprising
amplifier means,
first difference means for deriving an error signal,
representative of distortion introduced by the amplifier means,
from signals representative of 1input signals applied to the
25 amplifier means.
second difference means for subtracting a signal
representative of the error signal from the amplifier means output
signals to provide low distortion output signals, and
adjustment means responsive to control signals for adjusting
30 the relative phase and amplitude of s1gna1s applied to at least one
of the difference means, '
wherein means are provided for generating a spread spectrum
reference signal and combining the reference signal with the input
signals after the signals representative of the input signals are
35 derived from the first difference means, and
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to"be pocessed, processing the conbined signals to provide an out put

gi gnal, deriving an in . signal dependent on the pro- cessed conbined
signals and adjusting the phase and/or anpliude of the = internediate
signhal in response to control signals, conbining the adjusted in diat
signal with the i natrot mémnsomrputalsbgmabvwfedt fer pgecasadiing the i egniwol

processi ng, af}qgﬁﬁg B bow Q9€t§(ﬁ]ea§' Qa@dﬁuﬁomgtnlae Qytwtapabwlm ¥hE hods

according to th rst aspect I nvent i on, cor respondi ng apparatus
may be used V\H@Y’ed!ﬁ@‘@ﬂ@'ha#‘sg"?bs b&prdceidal é?geéﬁé*é&?'%eefrtﬁﬁ SULELEY

spectrum signal used for combination with the input signals or the
5 error signal.

According to a fourth aspect of the invention there is
provided a repeater comprising |

an amplifier coupled between receive and transmit points,

means for deriving a cancellation signal representative of the

10 amplifier output signal, .
means for adjusting - the amplitude and phase of the
cancellation signal in response to control signals,

difference means for subtracting the cancellation signal from
signals received at the receive point to provide input signals for

15 the amplifier having reduced interference between signals to be
amplified by the repeater and signals transmitted at the transmit
peint,

means for combining the said input signals with a spread
spectrum reference signal, and

20 means for deriving the control signals from the said reference
signal and the said input signals.

Certain embodiments of the invention will now be described
with reference to the accompanying drawings, in which:-

Figure 1 is a block diagram of a broadband linear amplifier

25 according to the invention,

Figures 2 and 3 are block diagrams of further broadband linear
amplifiers according to the invention, each employing a digital
signal processor to act as a feedback control network,

Figure 4 is a block diagram of a radio repeater according to

30 the invention, and

Figure 5 is a block diagram of a circuit which may be used in
a radio repeater where time de]ayed interference terms may occur.

Figure 1 is similar to Figure 1 of the above mentioned British
Patent Application No. 9108920.1 except that the feedback network 20

35 develops control signals for the phase adjustment component 13 and
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Actording to a second aspect of the present invention there is provided a
et hod of processing signals conprising the steps of conbining a reference
signal, having a prede- term ned characteri.;tic, with the input signals
which are not spread spectrum nodul ated. ~ *-3- processing the conbined
i nput - and r ef ethenomisi grigbistaeot pridvipdet r omesweahssigmathe, sprceasdxtspactiumg a

si gnal represent.ati ofe t er 1Sk fr rpﬁﬁﬁ_@e lgRal;s, to
cogtrol, gt Ig%scﬁht)%&ti%ﬁ |-§Tp" mggﬁ)c{ei@mg&dnd?omﬁ?ﬁ’ﬁ)her proglezvgﬁﬁg t%f

t he pro- described as a whole leaving some details to be obtained from the -

earlier application.
5 An input signal is applied at an input terminal 1 and is

divided by a splitter 2 between two paths: a main path 3 to a main

amplifier 4 and a subsidiary. path 5 to phase and gain adjustment

components 6 and 7. The output signal from the main amplifier 4

includes distortion products in the form of intermodulation but in

10 addition a'spread spectrum signal is introduced at a combiner 25.

An RF signal generator 26 supplies an RF carrier at the centre of

the frequency band of the input signals to a mixer 27 which also

receives squarewave, or filtered squarewave, signals from a maximum

. _length pseudo-random sequence generator 28 at baseband and having a

15 bandwidth equal to or less than that of the input signals. In this

known way a direct sequence spread spectrum signal (see "Principles

of Communication Systems" (2nd Edition), H. Taub and D.L. Schilling,

McGraw Hil1l 1986, Chapter 17, pages 720 to 749) is applied by way

of the combiner 25 to the input of the main amplifier 4. - Thus the

20 output from the amplifier 4 includes not only the distortion

products but also the spread spectrum signal spread across the

whole band of the input signals by means of the random noise-like

signal from the generator 28 which is mixed with the RF signal from

the generator 26. Of course other methods of introducing a spread

25 spectrum signal across the whole or part of the band of the input

signal may be used to inject a ‘spread spectrum signal into the
input of the main amplifier 4.

A portion of the main amplifier output is obtained from a

directional coupler 9 and fed as a first input to a combiner 11.

30 A second input for the combiner 11 from the input terminal 1 is

af‘ranged to be in antiphase to the portibn of the power amplifier

output {(thus forming a subtractor) by selection of a time delay

element 8, and a correct adjustment of the phase shift component 6.

For optimum cancellation of the input signal to provide an error

35 signal at the output of the combiner 11, the amplitude levels must
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_.Ceééed signals, wherein the reference signal is a spread spectrum signal
* The*second aspect of the invention is based on the realization that a
spread spectrun1reference signal can be gsed in a systemw ch does not

"hel ude ot AR 1o S0ghHeRuR: LT ot BReitet B SHIBER LRGN Afo Rl gnal
so that forvgGaibPbegain compdrienbannelThe s1gmsag@btmée fiodm tthe swipattr ofm i s
o gna 1111 e e UBRERaior B R HPidEcEip Bn i Hi B abot el B Eh e any
conponent s awrdveihai sprieadosprectpum sdgoadal sndygpesirfonms ni eerommignahe i nventi on
can be used in Wﬁ@yéfygplﬁfﬁﬂhhop§ dsBd to cancel the distortion products and
the spread spectrum signal present in the output of the main
amplifier 4. The main amplifier signal at the output of the
directional coupler 9 is delayed by a time delay element 16 and fed
to one output of a directional coupler 17 acting as a subtractor.
10 The other input of the directional coupler 17 is obtained by
processing the error signal derived previously from the combiner 1
(acting as- a subtractor) using a time delay element 12, phase and
gain adjustment components 13 and 14, and an error amplifier 15.
.The variable gain and phase shift components 13 and 14 are adjusted
15 for maximum cancellation of the unwanted distortion product§
present in . the output signal of the coupler 17 and also to allow
for phase and amplitude errors in the amplifier 15. The presence
of the spread spectrum signal allows adjustment of the components 13
and 14 to be optimised for the whole frequency band and to operate
20 when distortion products are at a very Tow level.
Adjustment of the phase and gain components 6 and 7 is by
means of a feedback network 18 which is as described in the above
mentioned specification and derives input signals from couplers 10
and 19. Correction of phase and gain of the error signal generated
25 at the output of the combiner 11 is under the control of a feedback
network 20 which applies control signals to the phase and gain
adjustment components 13 and 14. The network 20 is also as
described in the previous specification, that is it is the same as
the network 18 but one of the signals applied to the input of this
30 network comes from a different point from that of the previous
application. The signal which is the same comes from the same
point, and is from a directional coupler 21 while the other signal
comes from the mixer 27 by way of a time delay element 31: that is,
it is the spread spectrum signal injected at the input of the
35 amplifier 4. Thus the feedback network 20 is able to compare any
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replace a conventional pilot signa. Mst advantage is gained with w de
bandwrdt h systens and for narrow band Systens a conventional pilot signal
is.usually better Where the reference signaj .is used to cha e a circuit or
transm ssion link, the charaterization is br oqdb,and A nunber of respective

spread spect r UipPP#fierQfncibies spreads seantwe SiFRIsituithaneoiriey 24 BHihddsnal
random sequencadigdial Gafstted gaeead afpactium spgreddd spectrum signal s, since
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mul tiple refembick ednjpins abh Wéstarddon ncanponertse aodr the t sprraddispéctremt
DEheeCal aginF s dke RAEOSR R sk SETH F il 19 SRt bt
subtraction circuit 17 where the phase and gain of the distortion
components and the spread spectrum signal are such that these
: components and the corresponding spread spectrum signal from the
amplifier 4 are cancelled. Any residual distortion components or
10  spread spectrum signal components are fed back from the directional
| coupler 21 to the feedback network 20. As a result of the two
input siénals it receives this network adjusts the phase
component 13 and the gain component 14 such that cancellation in _
the circuit 17 is optimum. Since the spread spectrum signal is
15  spread over the ‘whole bandwidth the adjustment of the components 13
and 14 is optimum for the whole bandwidth.

In the above mentioned previous specification several forms of
the feedback network 20 were described and in one a digital signal
processor (DSP) was used. As explained 1in the previous

20 specification it 1is preferable that a DSP operates at audio
frequencies and for this reason the circuit of Figure 2 may be
used.

Figure 2 is similar to Figure 1 except that the feedback
network 20 is in the form of a DSP (not shown) and circuits are

25 provided to give input signals for the network at audio
.frequéncies. - A generator 32 provides a signal at a frequency
offset from that of the generator 26 by an amount equal to the
input frequency required by the DSP to one input of each of
mixers 29 and 33. Thus the generators 26 and 32 may have output

30 signals at 900 ‘MHz and 900.00125 MHz for example. The mixer 29
then has an output at 1.25 KHz and, assuming fh_at the'M-sequence '
generator 28 has an output signal band from O to 30 MHz, the output
of the mixer 33 has an output signal band from 900.00125 to
930.00125 MHz. MWhen this latter band is mixed with the signal from

35 the coupler 21 in a mixer 30, the output is an error signal
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;nbddfatlon scheme. Mst control techniques can be ea5|ly nodi fied for use
'mﬁth'spread spectrum reference signals since conversion to this form and
conparison, or recovery of a non randoanugnaI enpl oys S|nple known

AP Y R AT M N
bel ow, to i dénéquenchepaarid Giny de arbgmmauttreothal gived ways-4s ddsicehbdtasinbeen
gecelved by EE%H@%QQ@%ﬁ{Q%?%ﬁﬁeive antenna This portion is then subtracted
rom the inp
The generators 26 and 32 may include integrated circuit signal
5 generators derived from a 10 MHz reference with the appropriate
output signals derived therefrom either internally or externally.
The generators should be frequency 1locked as indicated by a
connection 22. '
Where a number of input channels are to be combined at one
10 location and then applied as an input signal to the amplifier 4 and
the distortion minimising circuits of Figure 1 at a remote
location, then the input signals are added, in the same way as
shown later in Figure 3, before application to the input terminal 1.
A suitable connection joins the additional circuit used for this
15 purpose and the splitter 2 . The advantage obtained is that the
numerous splitters 23 of Figure 2 of the above mentioned
specification and the phase and gain adjustment components 24
and 25 of that figure which would have to be at the same location
as the amplifier 4 are no longer required and a single connection
20 replaces the inputs to the combiner 28 of that figure. There may
be thirty or more input channels so the circuits of Figures 1 and 2
of the present application proVide a useful advantage especially
where summing can be carried out at a relatively low rental
location such as the basement of a building and transmission using
25 the amplifier 4 must be carried out at the top of a building at an
expensive rental 1location. The numerous connections previously
required between the two floors are now rveplaced by a -single
connection.
The arrangement of Figure 3 illustrates that the invention can
30 be applied to a broadband linear amplifier emp]oying several loops
for distortion correction and in which the adjustment of phase and
gain is applied to the input signals to the main amplifier 4.
Figure 3 has some similarities to Figure 2 of the above mentioned
application but it differs in one important aspect: the two input
35 channels 111ustratgd, which may be representative of many more, are
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.I'epeater’'s anplifier after phase and anplitude adjustment in nuch the sane
"way 8&s is the broad band anplifier applica- tion to provide an interference
free signal for ansmi ssion at high power fp_avoid instability. Extracting

the said Characteristic may include using a spread spectrumreference

signal or a PRRITREa thefBoRIALH AonpHictibn i tPEFORE APV ealNaSSecPt ufREt gnal
form ng partadfusthenpr dcessedesi onal so e REOYRPILRY i3 106H-dteddany Stanal

used i n gener af.i,AqQ t e ectrumsignal fromthe.process si gnal s.
Recoverygrray&g}e] tﬂg? ng%ﬁi@tsgprrégﬁaﬁﬁoﬁ?cs%ageﬁtea a5 F ég%g’r"é'i %ﬁ?’“f g’?e
exanpl e by usgstgofhdheapiragita sihisl &s possdbhe siagoedingertor aher idventiecovery

as for convepsda@e of RAE pPead\Perbhfl LSttt o tREhMIYRE @dder in

contntling A spread spectrum signal is added to the output of the gain
adjustment component 36 in an adder 51, but the components 35, 36
and 51 can be conﬁécted-between the circuit 34 and the amplifier 4
in any order.

10 In the multi-loop control system of Figure 3 a first error
signal is produced at the output of the combiner 11 as in Figure§:1
and 2 but in this case two phase and gain adjustment components 35
and 36 at the output of the addition circuit 34 and in the input
path of the amplifier 4 are used instead of the elements 6 and 7 in

15 the path of one of the inputs to the combiner 11. Since Figure 3
is intended to be a general figure a feedback network 37 is shown
which receives as one of its input signals the error signal from
the oufput of the combiner 11 but its other input signal can be
taken from a variety of different positions such as the output of

20 the amplifier 15. The network 37 can be used to control either or
both of the pairs of phase and gain adjustment components 13 and 14,
and 35 and 36 but either pair can, in some circumstances, be
manually adjusted initially and left at the original adjustment
during operation of the circuit.

25 In order to improve the cancellation of distortion components
a second error signal is derived by a combiner 38 which receives
the output signal from the first loop by way of a directional
coupler 40
and subtracts the output of the addition circuit 38 received by way

30 of the delay element 31 and phase and gain adjustment components 42
and 43. The second error signal produced by the combiner 38 is
applied by way of phase and gain adjustment components 44 and 45
and an amplifier 46 to a directional coupler 47 where cancellation
of residual distortion occurs. A final output Signa] from the

35 circuit of Figure 2 is taken from a directional coupler 48 to form
one input for a feedback network 50 which provides control signals
for the adjustment of the phase and gain components 44 and 45.
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_prodéssing after extraction of the characteristic or before extraction,
‘control can be seen to be either free forward or feedback. The
characteristic may or may not be nodified when the conbined input and

f [ I the b band fi L i t
ront | oned aboWPEhEL {RSPREE ABSFRK €OM i RS HE PEDGREnEQT NSl SRS | n
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i ntroduced distorti hus I n Sone f pr ocessi n
characteri stltd.]niﬁyetbélgﬁmhfled bet ween conbi nati on and use, and It may be

:Egt Ct ??s?ﬁgr\?\gu gﬁhé("a)iet%gwg‘%b" ﬂBdeﬁQP' W "AatOShHBRd inS ﬁx@%r&u@téiﬂn of
Application No. 9108920 1, where a DSP 60 is used, but one of. the
input signals is from the random sequence generator 28, and the
frequencies of oscillators 65 and 66 are different. The random
sequence generates a spread spectrum signal at the output of a

10 mixer 63 for application to a mixer 70 where the output spread
spectrum signal from the coupler 48, translated in frequency by;a
mixer 64 forms another input signal. The output of this mixer
forms the error signal for the DSP 60. Two oscillators 65 and 66,
with output frequencies f; and f, chosen to give suitable low

15 frequency inputs to the DSP 60 apply inputs, for frequency
translation to the mixers 63 and 64, respectively. Frequencies f,
and f, may for example be 457.50125 MHz and 457.5 MHz, respectively

~ (assuming the frequency of the generator 26 is 900 MHz and the
bandwidth of the M sequence is 30 MHz). The output of the mixer 63
20 is given by: _
457.50125 ~ 30/2 = 442.50125 MHz
and that of the mixer 64 is at 442.5 MHz after selection of lower
side bands by filters 67 and 68. The error signal at the output of
the mixer 70 is thus at 1.25 KHz, and this frequency together with

25 an output from a mixer 72 at a reference frequency of 1.25 KHz is
applied to the DSP 60. Band pass filters 73 and 74 select
sidebands as appropriate. The program for the DSP is again as
described in Application No. 9108920.1.

Nearly all the spread spectrum signal will be removed by

30 cancellation in the directional coupler 17 since it is seen by the
feedback network 37 as an error signal at the output of the
amplifier 4. This 1is apparent since the input signal to the
combiner 11 which derives the error signal from the addition
circuit 34 does not contain the spread spectrum signal. It is on]y

35 the residue which appears in the circuit output in the directional
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,Ceséjng. I n anot her exanple, the level of the reference signal may be the
c, for instace when processing includes transm ssion by sone
nmeans fromone |ocation to another and_vagi.abl e attenuation experienced by

carrt oh - out SO a8 BREE rRUTRE b s GubS AR FRE RS cab e B OB

ref erence segna1esna@d1tteonxiecamaiﬁatsorr éguthreeditexthenals coaplas 4possi bl e

charact esti

unchanged betwegq, cogpd‘)ég 6rpn vp tla tEgréfa;agug S¢99a! s ﬂé}gll t SobhSG

control of
non-r andom

10

processin i ncy of

ng is
t he

he
bove nentlgﬁed

sernesitiamytcyone h@f cﬂ&!r iee@acgt netwcrrésrs Phsi fivPe ivhent po¥a¥ssi ng
conpri ses dpemsbdbay] ONFYsi RYarmp1®, INele depres@d §pcR@Frime signal from the

combiner 38 of Figure 3 can be used as one input to a network, such
as the network 20 or, with suitable frequency translation, a DSP,
while the other inputs can be taken from the coupler 48. Both
inputs contain corresponding spread spectrum signals, and control
signals are derived in the same way as though operating on
distortion products, as described in Application No. 9108920.1. .
It is clear that the invention as applied for example to broad

~ band linear amplifiers can be put into operation in many other ways

15

20

25

30

with different arrangements of control loops and feedback networks
producing control signals for phase and gain- adjustment. 1In
particular each loop may have its own specific spread spectrum
correction according fo the technique of the present invention.
For this purpose a number of orthogonal random sequences, one for
each loop, are mixed. with the output of the RF signal generator 26
in a plurality of mixers. Circuits such as the network 20, or the
network 50 are then provided for each control loop and receive a
signal representative of its particular random sequence as a
control-input signal.

As has already been pointed out, there are many different ways
in which the multiple control loops can be arranged.

A radio repeater in the form of an enhancer for cellular radio
using the invention is now described, but this embodiment of the
invention could also be modified for a line repeater.

The repeater of Figure 4 is used where it is required to
receive a signal on a frequency, amplify it and re-transmit on the
same frequéncy. Where multiple channels require ampiification as
in cellular radio systems an amplifier 80 is preferably a broadband
linear amplifier of the type described above or in the above
mentioned British Patent Application No. 9108920.1.
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.ifeférence signal s. Thus the characteristic may be frequency or signal
“I'evel, but other possibilities include phase, or a conbination of
gharacteristics. The spread spectrun1signﬁi nay be of any type, for

exanpl e, one grated hy changi ng frequenc a signal enerator accor di ng
to a.random sequéh@®18r TBye Mbiati fy ‘éec§ ‘H\‘St Eﬂﬂ s85 PEYY ¥entdh®F ones”

and "zeros" wdupheds tgaNeg4 Ghiess sw;tﬁfés mbut:l'oﬁmtyrebemprﬂeﬁernclllﬂe ouitpet hop-
Do Serm ' b B PE S P LGRS TS Tobie BB, AR L
splitter, to a transmit antenna 86. HWeak wanted signals are
5 received by the antenna 81, linearly amplified and re-transmitted
at the antenna 86 but imperfect isolation between the “antennas
results in some of the transmitted enmergy being coupled back into
the receive antenna as unwanted, high level, interference which may
cause instability. In order to avoid this problem a signal equal

10 to the interference signal and in phase therewith is subtracted
from the incoming signal by the coupler 82, acting as a sp]itte}.
That part of the signal which has to be subtracted is identified by
a spread spectrum reference signal injected into the amplifier
input using the coupler 83, acting as a splitter.

15 The spread spectrum reference signal is generated by using a
mixer 87 to mix the outputs of an M-sequence generator 88 and an RF
signal generator 89. A portion of the output of the amplifier 80
is removed using the splitter 85 and passed through gain and
adjustment components 90 and 91 to form the subtraction signal at

20 the combiner 82. A network 93 which may either be of the analogue
type described in the above mentioned patent application or, with
suitable frequency translation, a DSP receives one input signal
from the splitter 84 and one in the form of the spread spectrum
reference signal from the mixer 87. Any remaining interference

25 signal in the signal received from the receive antenna after
subtraction of a signal nominally equal to the interference signal
in the coupler 82, acting as a combiner, is applied to the
network 93 and compared with the spread spectrum reference signal.
As a result the network 93 provides independent control signals to

30 adjust the amplitude and phase components 90 and 91 giving the
correct amplitude and phase for the signal subtracted in the

combiner 82.
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,f?edﬁency bandw dt h which rapidly sweeps the entire band- w dth. According
‘td"a*third aspect of the invention there is provided a broadband |i near
applifier conprising anplifier means, fifsl5 difference nmeans for deriving

an error signal, F§Prc%hﬁﬁﬂl %gél"ﬁa@f?&! %tB'i&fr%@t'ic?]\taﬁowﬁgﬁgpyﬁhf'eq@mdf'er
means, from signals representative of Input signals ap% red to the
anplifier neadndl thésora He fachievhde biredsiagds b¥o SIbEY St Phgthe dyphaihorepire-
sentative of gh@rer§olwithef! thel antédiRsaBP! ddd &6)TEaHS fOH REEh SdGaat Fork O
provi de | ow di stortion qutput S|%nals, and ad#ustnent neans r%sp?p3|ve to
cont r ol signaq’fS- i;r@psngtﬁsdgg._ The two antennas are then connected to the two

§ circuits of Figure 4 by way of hybrid circuits in the known way.

In situations where scattered (that 1is time-delayed)
‘interference terms occur they can be resolved and cancelled in a
way similar to that described in Figure 4 but using the arrangement
shown in Figure 5. Such interference terms may-arise, for example,

10 from different paths from the transmit antenna 86 to the receive
antenna 81. The transmitter output as obtained from the splitter 85
is applied to a terminal 94 where it passes through two delay
circuits 95 and 96 which correspond to two time-delayed
interference terms. Three adjustment circuits 97, 98 and 99,

15 containing phase and amplitude adjustment components, receive
signals from the terminal 94 and the delay circuits - 95 and 96,
respectively, and provide outputs which are summed in a summer 101
before being applied as the error signal to the combiner 82.
Amplitude and phase adjustment control signals for the circuit are

20 derived in a similar way to that shown in Figure 4 from an
M-sequence generator used as a reference signal and applied at
a terminal 102, and a signal from the splitter 84 applied at
a terminal 103 after down-conversion to base band, for
example 0-30 MHz. A network 104 derives the amplitude and phase

25 control signals from the spread spectrum reference signal and the
signal from the terminal 103 directly but control sigha]s for the
circuits 98 and 99 are derived by circuits 105 and 106 from delayed
versions of the reference signal provided by a first, and a second
inverse Z transformation, respectively, in circuits 107 and 108.

30 The circuits 107 and 108 each provide a one-bit delay for the
digital signals applied at the terminal 102. Although the signals
at the terminal 103 are not strictly digital they are sufficiently
close at cellular radio frequencies for almost all correlators to
function. If necessary, however, these signals could be processed,

35 for instance by a Schmidt trigger circuit, in order to improve

waveshape.
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-i"ng.'t he relative phase and anplitude of signals applied to at | et one of
‘thé difference neans, wherein neans ae provided for generating a spread
spectrum - ef erence signal and conbining-thé +eference signal with the input

signals after th ' gg%nsencgpfgﬁgﬁl f oﬂit 'tlYee nﬁ&ent h8‘:"7 aﬂgu{h S'Ssg&?ahsf {)ﬁdﬁ]?“ ved

fromthe first di erence nmea neans are a rovi
generating tplibran 4 Jagnalis ﬁﬂomlbmﬂht!‘ma meaememectbﬁumssﬂgnath% it

appears in tRguhOMr¥ess Rint 119N deir§iid! gmAR dude sarwﬁadha&@pra@wgmmwo@imﬁhe
spread spectrum signal used for conbination with ‘the input signals or the

error signal S18B%br-ding to a fourth aspect of the i nvention there is
provi ded 8 repeatHfe CRfigeHeAy of Figure 5 can be regarded as effectively

creating a tapped delay-line filter whose characteristics are
frequency dependent. The arrangement is akin to a Rake receiver
for spread-spectrum transmissions (see: G.L. Turin, "Introduction
to spread-spectrum antimultipath techniques and their application
10 to urban digital radio", Proceedings of the IEEE, Vol. 68, No. 3,
March 1980, pp. 328-353; and S.A. Allpress, M.A. Beach, G. Martin
and C.M. Simmons, "An investigation of RAKE receiver operation in
an urban environment for various spreading bandwidth allocations”,
“Proceedings of the 42nd IEEE Vehicular Technology Conference,
15 Denver, Colorado, May 1992). The lower half of Figure 5
(circuits 104 to 108) may be implemented digitally in an ASIC.
Down-conversion (as mentioned above) is then necessary.
The invention can be put into practice in many other ways
where it 1is required to remove or reduce unwanted signals by
20 cancellation or where a combination of a processed signal or a
signal to be processed with a derived signal of controlled
amplitude and/or phase improves processing.
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an‘anﬁlifier coupl ed between receive and transnit points, meatisSHeetrHas Been Re

laced
deri'vifng a cancell ation signal representative of the anplifie . '
si gnal , means for adjusting the anplitudé and phase of the '
signal in response to control signals. diffipgenc means for subtracting the
a

cancel | ation signal fromsignals receive t the receive point {o provide
i nput signal s For &Heetaadaft pescenalih i 9BdscemAris g dhe wifPs Bt ween

signal s. to be anpl ¢dntadihy & Egréaﬁp%%@truﬁndi@iagn&ﬁﬁh tananapit t eignatl thae

transmt point, neans, for conbining the input signals with a spread
P processed, 9 P 9 P

5 processing the combined signals to provide an output signal,
deriving an intermediate signal dependent on the processed
combined signals and adjusting the phase and/or amplitude of the
intermediate signal in response to control signals,
. combining the adjusted intermediate signal with the input or
10 the output signal of the said processing to improve processing, and
deriving the said control signals from the output signal.
2. A method according to Claim 1 wherein |
processing the combined signals comprises amplification,
deriving the intermediate signal comprises deriving an error
15 signal representative of distortion introduced by the
amplification, and '
the combining step comprises subtracting the error signal from
the output signal to provide an improvgd output signal.:
3. A method according to Claim 1 wherein processing the combined
20 signals comprises amplification,
spurious signals originating from the output signals are
present with the input signal, and
the intermediate signal is combined with the input signal by
subtraction to reduce the spurious signals and to provide an
25 improved input signal.
4. A method according to Claim 2 or 3 wherein
the said control signals are derived from a signal
representative of the improved input signal or the improved output
signal and a signal representative of the spread spectrum signal.
30 5. Apparatus for processing signals comprising
means for combining a spread spectrum signal with an input
signal to be processed,
means for processing the combined signals to provide an output

signal,

A



. spectrumreference signal, and means for deriving the control signals from
the reference signal and the said i nput signals. BRI EF DESCRI PTI ON OF THE

DRAW NGS Certain enbodi nents of the inveh$r0n Wi || now be described with
reference to theeRsePa i Ntedhédiatds sighaF! Gepchdefit 2okl agk @Pressaryof a

broadband |inear anplifier accordi to the invention, FI and are
bl ock di agr SABPIg¥eds §i97ds BP aawgqu nthf PhasH PP?%}"S a&@?&?ﬁ engj’r’lt cﬁ‘f’he
i nvention easterewpdiabd BYgraldigitesbossegital cartoobssignalo, act as a feedback

control networ kglnﬁgﬁ?foq‘ icgmﬁaintihSCJéhedia%gGﬂ@dafin@eﬁn?e%iigté e&%&?rwﬁﬁ\cqhgi ng to

t he i nvention, .
5 input or the output signal of the said processing to improve

processing, and
means for deriving the said control signals from the output
signal.
6. A method of processing signals compriéing the steps of
10 combining a reference signal, having a predetermined
characteristic, with the input signals which are not spread
spectrum modulated,
processing the combined input and reference signals to provide
processed signals, and
15 extracting a signal representative of the said characteristics
from the processed signals to control, at least partially, the said
processing and/or further processing of the processed signals,
wherein the reference signal is a spread spectrum signal.
7. A method according to Claim 6 wherein _
20 processing the combined signals comprises amplification,
the processed signals are further processed by deriving an
error signal representative of distortion introduced by the
amplification and subtracting the error signal from the output
signal after amplification, and
25 the said characteristics are used to control the amplitude and
phase of the output signal relative to the error signal when
subtraction is carried out.
8. A method according to Claim 6 or 7 wherein extracting the
signal. representative of the said characteristic includes using
30 both the spread spectrum signal in the processed signé]s and the
reference signal as used for combination with the input signals to
derive a signal dependent on the said characteristic.
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EIG .5is a block diagramof a circuit which may be used in a radio
“répéater where tine delayed interference terns may occur DESCRI PON OF

RREFRRED EMBODI MENTS FIG 1 is simlar tegklG | of the above nentioned
U.S. Pat. Nos. 5,334,946 and 5, 157, 345 except that the feedback network 20
devel ops coftrol® siM§kBPS fasCOFhIphd8e %‘?ﬁ‘ﬂstg nEH Ve B o rERET 48 N d 3t he
gai n adj ust peaire¥drendd Isighy r@aas fedquehey it ead cpeebr ofm tiecrequencef t he

Dot o BObL o, B IHRl, flofi e SRR H S iRk Lens
with a pseudo random repeatable signal to generate the reference
5 signal.
10. A method according to Claim 9 wherein extracting the signal
representative of the said characteristic includes recovering a
signal representative of the pre-refefence signal from the spread
spectrum signal in the processed singnals, and using both the
10 recovered signal and a signal representative the pre-reference
signal to derive a signal dependent on the said characteristic. :
11.  Apparatus for processing signals comprising
means for combining a reference signal, having a predetermined
characteristic, with the input signals which are not spread
- 15 spectrum modulated,
means for processing the combined input and reference signals
to provide processed signals, and '
means for extracting a signal representative of the said
characteristics from the processed signals to control, at least
20 partially, the- said processing and/or further brocessing of the
processed signals,
wherein the reference signal is a spread spectrum signal.
12. A broadband linear amplifier circuit comprising
amplifier means,
25 first difference means for deriving an error signal,
representative of distortion introduced by the amplifier means,
from signals representative of input signals applied to the

amplifier means,
second difference means for subtracting a signal

30 representétive-of the error signal from the amplifier means output
signals to provide a low distortion output signals, and

adjustment means responsive to control signals for adjusting

the relative phase and amplitude of signals applied to at least one

of the difference means,

. - This Sheet Has Been Reﬂlaced .
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_-7 An i nput signal is applied at an input termnal 1 and is divided by a
spliifter 2 between two paths: a mai npath 3 to a main anplifier 4 and a
subsidiary path 5 to phase and gai n adj ustageat conponents 6 and 7. The

output . signal fromlhe, u? nd"Bld ddr%(né‘ed %L“g@ger%ﬁh 5' QErPJaOdsLb%tc%unP the

f orm of |nternDduV£?|on I n addition a spr S ec
i ntroduced atrefecemds sdgn@b, anAnCPlFbwllgmathegéﬁ‘éﬂ@m& Qﬁlﬂ@lEpm tfeSth&niFFUt

carrier at thggazi€raffert hﬁefgfgiﬁ@@cvemg%ﬁfnweoﬁ NiHet iR ad ynhPs 3k xer

27 which al so recelves sgquare- wave fltered squarewave, signals froma
maxi mum | engtderp¥edideona ﬁf%%hGéﬂ@%?Q@%éP59%¢aE at baseband
5 control means are also provided for generating the control

signals from both spread spectrum signal as it appears in the low
distortion signals and a signal representative of either the spread
spectrum signal used for combination with the input signals or the
error signal. |
10 13. An amplifier circuit according to Claim 12 wherein the
amplifier means comprises :
an amplifier, and
means for correcting distortion introduced by the amplifier by
generating an error signal and subtracting it from the amplifier
15 output signal.
14. An amplifier circuit according to Claim 12 or 13 wherein the
first difference means derives the difference between first and
second signals representative of signals at the input and output of
the amplifier means, respectively.
20 15. An amplifier circuit according to Claim 12, 13 or 14 wherein
the means for generating the reference signal comprises
means for providing a signal at a frequency at the centre of a
band of frequencies to be amplified _
means for providing a series of pulses having a bandwidth
25 equal to that of the said band and with the . pulses having a
significance according to a pseudo-random repeatable sequence, and
means for combining the signal having the said frequency with
the series of pulses to provide the spread spectrum reference
signal.
30 16. An amplifier circuit according to Claim 15 wherein the series
of pulses comprises pulses having a first and second magnitude or
amplitude representing first and second significances, respectively.
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,'ahql bavi ng a bandw dth equal to or less than that of the input signals. In
this known way a direct sequence spread Spec- trum signal (see "Principles
ot Conmuni cation Systens"” (2nd Edition),- Bl Jaub and D. L. Schilling,

MG aw Hil | 86, 17, e i S | | ed, by, : Oof. 1 1t he
conbi ner 25 tjlg't he@%@hf{%yt ﬁgac%g?nga_rrﬁpﬁq7;t?) ﬁhﬁfrﬁﬁg {)ﬁe]%ﬁh\gﬁ%hfrtgtﬁn t he
anplifier 4 manudes owvnerehing coetrglsswngi dnindcvdrict s but al so the spread

spectrum si gnal sgjrde?qjtgcrgpﬁlt Peoceligbe, band of the input signals by neans
of the random noi se- i@e s'gnﬁl_fron1tg? ggﬂeratoi 2? which is nix?p ﬂﬁth
the RF signal frdi®aPRe TohedlPRIYdPI2EN O FY&fursigngl naf detfif§guenyy whic

i ntroduci By disfeaad fFpacthentaitgpalrequensy dhethadaddobandr by oén tamouhend of
the input sigaal; Ty (RE Hilehd ¥ GRfcr? eRB" E e3POSGREM Sidaghod T50ebNe

i nput of the
operate,

means for supplying the series of pulses, or replica thereof,
to first mixer means together with the offset signal in deriving an
10 input signal for a second mixer means which also receives the low
distortion signals and provides a first input signal for the
digital signal processor,
means for supplying a signal at the centre frequency of the
band to a third mixer means together with the offset signal in
15 deriving a second input signal for the digital signal processor.
18. An amplifier circuit according to Claim 15 or 16 wherein the
means for generating the control signals includes
a digital signal processor,
means for supplying first and second offset signals at
20 frequencies which differ by an amount equal to the frequency at
which the digital signal processor is to operate,
means for supplying the series of pulses, or a replica
thereof, to first mixer means connected to receive the first offset
signal also, _ |
25 means for supplying the low distortion signals to a second
mixer means connected to receive second offset signal also,
third mixer means connected to receive the first and second
offset signals and provide a first input from the digital signal
‘processor, and
30 fourth mixer means connected to receive the outputs of the
first and second mixer means and provide a second input for the

digital signal processor.
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'ahplifier 4. A portion of the main anplifier output is obtained froma
“directional coupler 9 and fed as a first input to a conbiner 11. A second
i aput for -the conbiner 11 fromthe inpu&;ﬂepninal lis arranged to be in

bt Factor) By somedethef of BroBffindBokat SafrEeibh "o s g et

adj ust nent cﬁtamheobhase shift conponent 6. For optinmum cancellation of the

input signal to promirdenARnEEPsighdikal at the output of the combiner U, the
anplitude |evels Jﬁg 9 ?§‘nEyPs ustéd and this is aranged by correct

adj ust ment of t héeRiyingpRe g?d"’ﬁ‘”céﬁﬁ@ﬂienfepfesqm@té?’%né’f o Hedor Eiam t he
out put ofg thﬁngubﬁagpbpruﬁlamﬂmfyhgpgyepcontalns only the distortion
products and the goreag, SPeger UM Wdhar 2P%a M8 HALIR AR of the
amplifying steps to provide low distortion signals,
adjusting the relative phase and amplitude of signals used in
deriving the error signal and/or providing the low distortion
10 signals, adjustment being made in response to control signals,
generating a spread spectrum referencé signal,
combining the reference signal with the input signals, and
generating -the control signals from both the spread spectrum
signal as it appears in the low distortion signals and a signal
15 representative of either the spread spectrum signal used for
combination with the input signals or the error signal.
20. A repeater comprising
an amplifier coupled between receive and transmit points,
means for deriving a cancellation signal representative of the
20 amplifier output signal,
means for adjusting the amplitude and phase of the
cancellation signal in response to control signals,
difference means for subtracting the cancellation signal from
signals received at the receive point to provide input signals for
25 the amplifier having reduced interference between signals to be
amplified by the repeater and signals transmitted at the transmit
point,
means for combining the sa1d input signals with a spread
spectrum reference signal, and
30 means for deriving the control signals from the said reference
signal and the said input signals.
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.'éi.grial. This i the repl acenent sheet -8- The error signal is used to
cancel the distortion products and the spread spectrum signal present in
tthe output of the main amplifier 4. The-rd& n anplifier signal at the output

of the direcjj onal Gayp!RpetdrS addbatingd ®Y ciain 70 Arliayisy enment 16 and fed
to one input of a di rectlgnaj .coupler. 17 acting as a subti?ct,or. The ot her

i nput of the di r&asod&QF E8UPII8E 2 i'&2tht M by prdcediHgPhsigtalor
si gnal deri vwe@grpseitadingd wf fheormp heficondutpet $1ghattbutgdayadsubttiaef or)

using a time means for adjusting the amplitude and phase of the further
5 cancellation signal in response to further control signals, and

means for deriving the further control signals from the
reference signal, delayed in time, and the said input signals,

wherein the difference means, in operation, subtracts both the

cancellation signals and the further cancellation signals from the

10 signals received at the receive point to provide the input signals.

22. A method for processing signals, using a spread spectrim
reference signal as hereinbefore described.
23. Apparatus for processing signals, using a spread spectrum

reference signal as hereinbefore described with -reference to the
15 accompanying drawings.

20

25
GG/3870
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dﬁlay el ement 12, phasc and gai n adjustnent conmponents 13 and 14, and an
error anplifier 15 Tbe vari abl e #hi-n and phase shift conponents 13 and 14
are adjusted for cancellation of the unwanted distortion products present
in the output signal of the coupler 17 and also to allow for phase and
anplitude errors in the anplifier 15. The presence of the spread spectrum
signal allows adjustnent of the conponents 13 and 14 to be optim zed for

t he whol e frequency band and to ABSTRACE when distortion products are at a

very 1ow | gl 5o Sk N 8L LASABRASS 20 0p800H0< COOPANRRL PrfiRRC 7 IS bY

nmeans of a i'S as escrlb inthe a e nenti oned
pat ent saamfannn@m S@é?%d/ésﬂettfplﬂt ssgnplafer fa dilebdenere pyowidingoa Correction

of phasg.fndnedi 8pFadt "pectrum signal where no pilot tone has been
used. The invention has particular relevance when a large number
of input channels are required for a broad band linear amplifier
and when an omni-directional antenna is required for a repeater
~which may be prone to instability.
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eror signal generated at the output of the conbiner Uis under the control
of “a feedback network 20 which applies control signals to %h@ 2h§g§ an;_.
gairn adj ust ment conponents 13 and 14. The network 20 is al$d”a ‘ﬂésﬁr bé§
in the previous specification, that is it is the sane as the network 18 but
one of the signals applied to the input of this network conmes froma
different point fromthat of the previous application. The signal which is
the sane conmes fromthe sane point, and is froma directional coupler 21
while the other signal cones fromthe mker 27 by way of a tine del ay
element 31: that is, it is the spread spectrumsignal injected at the input
of the anplifier 4. Thus the feedback | to conre any
remmant of the spread spectrum signaiNT he coupler 21 With the original

I nj ected spread spectrum
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si.gnal. I n operation the error signal at the output of the cg |Qe

mhlch contalmmsgmkmkgga&@mma@n conmponents and the spread hgnal
passes throug galn adjusters 13 and 14 to the subtractlon
circuit 17 .wh iﬂﬂﬁm nd gain of the distortion conponents and the -
spread spectr uch that these conponents and the correspondi ng

spread spectrumsignal fromthe anplifier 4 -9- are cancelled. Any
resi dual distortion conponents or sprd@ad spectrum signal conponents are fed
back fromthe direc-
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tlonal coupler 21 to the feedback network 20. As a result of the two input
S|gnals It receives this network adjusts the phase conponent 13 and the
gai n conponent 14 such that cancellation in the circui [ I £

Since the spread. spectrumsignal is spread over the mﬁ%ﬁ%zg§%g§$tgugﬁ%

adj ustment of the co 13 and 14 is optimum for the whole bandwi dth. In
t he above nentioned previous spcification several forns of the feedback
network 20 were described and in one a digital signal processor (DSP) was
used. As explained in the previous specificaton it is preferable that a DSP

operates at audio frequencies and for tlrs reason the circuit of F|G 2 may
be used. FIG 2 is sini‘ar to FIG | ex¢ept that the feedback
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.networki20 is in the formof a DSP (not shown) and circuj ks are provided to
gi.ve inEut isignals for the network at audi o frequenci esg ﬁege&’ﬁ(ﬁ‘ .33
provi des a ‘signal at a frequecy offset fromthat of the generator 26 by an
amount equal to the input frequency required by the DSP to one input of
each of m xers 29 and 33. Thus the generatsors 26 and 32 nmay have out put
signal s at 900 MHz and 900.00125 MHz for éxanple. The mixer 29 then has an
out put at E25 KHz and, assuing that the M sequence generator 28 has an

out put signal ban§/ fromO to 30 MHerr] the output of the m xer 33 has an
out put si gnal from 820. 00125 to08330. 00125 MHz. When this later band is
m xed wth the signal fgdmthe coupl Y in a mxer 30, the output is an

error signal at 1 art |~ S—Tecer ves TTput—STgmars gt
suitabl e '
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;_freque0|es and may be programed in the sane mays a-fﬁese% bed--i-p-LIS. Pat ..

gl 557, ~generators; 2 “gde SU
téﬁ?&ﬂ.? s IJE’nal gn@ra ors derived ifr o ~ﬁ4err}“?e¥ef&nﬁe“
pro r ?g si,}gh | s derived the efr'ohy e t Aetedimt er pugalpy
1; 185 sshgul d be frequefcy kel asreind watesdh®. a
U%L Opﬁﬁér “ainunber- of |npﬁi¥o-annels%are Hoibeaged =

" t oné"#%ka |6hp&ﬁ@ -fheh applied asian input S|gnal to t he ?
k r'’ 4 ¥HdE ¥ le.di-st-or.t.i.on. n1nn12|nQC|rCU|ts of F1 .

METHQD AND APPARATUS FOR_SIGNAL PROCESSING USING REFERENCE SIGNALS

The present invention relates to methods and apparatus for
substituting another type of signal for a pilot signal where the
pilot signal would provide a reference for level and/or frequency
and/or phase, for example. The invention also, of_course, relates
to applications where a reference signal is required but no pilet
signal has previously been used or contemp1ated. '

The disadvantages of pilot signals include additional Tloading
for any circuit which uses the pilot signal, the provision of a
slot in the frequency spéctrum for a pilot signal where it does not
jnterfere with other signals, and where the pilot signal is used to
characterise changes in a transmission path, the characterisation
is strictly speaking only applicable to the frequency region
occupied_by the pilot signal.

The present invention is partitu]ar]y useful in the removal of
distortion in broadband linear amplifiers such as are described in
British Patent Application No. 9108%920.1. Another method of
reducing distortion in such amplifiers 1is described in US Patent
No. 4,580,105 assigned to A.T & T (inventor Myer). The correction
method of this US Patent suffers from the above mentioned
disadvantages and a further disadvantage 1in that the pilot
restricts channel usage within the'amplifier where a multi-channel
input 1is applied to the amplifier.. Previously mentioned British
App)ication No. 9108920.1 overcame these problems by avoiding the
use of a pilot signal but a fufther problem exists in the
particular situation where it is required to combine a large number
of input channels for application to the broadband 1linear
amplifier. Such an amplifier is'usua11y used as the final power
amplifier of a radio transmitter and for this reason it must be
near a transmission antenna. The antenna is wusually situated on
the top of a building where rentals are high. A large number of
input cables, one for each input channel, for example 30 to 100,
have to be run to the top floor of this building: In addition some
circuits have to be duplicated for each channel -near the amplifier

and high rental space is required for this purpose.
. F’—_”____———— H
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.at a renote location, then the input signals are added, in the sane way as
shown later in FIG 3, before application to the input termnal 1. A

sui tabl e connection joins the additional circuit used for this purpose and
the splitter 2. The advantage obtained is that the nunmerous splitters 23 of
FIG 2 of the above nentioned U. S. Pat. No. 5,157,345 and the phase and
gai n adj ustnent conponents 24 and 25 of that figure which would have to be
at the same |location as the anplifier-42are no | onger required and a single

connect i on repl acqSolile | (RNkSurkO dots CANBRNGle 2Ol Rk ey There may

be thirty or nore 1 nput c the circuits o
present appli caene@ﬁep':‘r.oxﬁsaecwmmfm ceduharagadédepadiexke| ¢ MMaetesuﬁng aan

be carried out widiea gl @vekade), koW xaRbR HroGakifHRISUFLAve! NG gREPETRNL OF
a building and_transm ssion
low level and transmits at a high level on the same frequency.
Instability is 1likely in such repeaters but can usually be avoided
by using directional antennas and positioning transmit and receive
~antennas as far apart as possible. However in many situations one
omnidirectional antenna is required and suitable spacing is
inconvenient. A similar application which uses a derivative of the
technique is in frequency translating repeaters. An advantage then
gained 1is the elimination of the complex filtering otherwise
required in these systems.

In code-division multiple access (CDMA) each channel employs a
spread spectrum signal and the channel signals are added before
transmission. US Patent 4,962,507 describes a system in which a
pilot signal for transmitting a timing vreference is also
transmitted in spread spectrum form.

According to a first aspect of the present invention there -is
provided a method of processing signals comprising the steps of

combining a spread spectrum signal with an input signal to be
-processed,

processing the combined signals to provide an output signal,

deriving an intermediate signal dependent on the processed
combined signals and adjusting the phase and/or amplitude of the
intermediate signal in response to control signals,

combining the adjusted intermediate signal with the dinput or
the output signal of the said processing'to improve processing, and

deriving the said control signals from the output signal. '

Methods according to the first aspect of the invention, and
corresponding apparatus, may be used where the signals to be
processed are spread spectrum signals. '

According to a second aspect of the present invention there is

.provided a method of processing signals comprising the steps of
combining a reference signal, having a predeterm1ned characteristic,
with the input signals which are not spread spectrum modulated,
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Y
using the anplifier 4 nust be carried out at the top of a building at an
expensive rental |ocation. The nunmerous connections previously required
bet ween the two doors are now repl aced by a single connection. The
arrangenment of FIG 3 illustrates that the invention can be applied to a
br oadband | i near anplifier enploying several |oops for distortion
correction and in which the adjustnent of phase and gain is applied to the
i nput signals to the main anplifier 2. 3P G 3 has sone sinmlarities to FIG
2 of the above teeyiad ape! théed vt i 4nddir n (o]

aspect: the tmoq?? i ﬁa ﬁglgﬁﬁllﬂgtrgted mh%iaﬁﬁcg %gﬂgé%ﬁgé E'{il‘pltdve of
many more. aPé°§ﬁﬁ éHgPB’%naﬁﬁdltlon circuit 34 before any phase or gain .

~adjustrent is caxtrectiogt aseigi treprésentisivel bistieatsatd amdridgraggids on

from the processed signals to control, at least partially, the said

processing and/or further processing of the processed signals,
wherein the reference signal is a spread spectrum signal.

_ The second aspect of the invention is based on the realisation

that a spread spectrum reference signal can be used in a system

which does not otherwise employ spread spectrum signals.

The advantages of the invention inciude not having to provide a
portion of the spectrum for a pilot signal so that for example in
multichannel usage more of the spectrum is available for channels.
Since the spread spectrum signal is a noise-like signal little
additional load is imposed at any particular frequency and any
companents remaining in output signals appear as noise.

Thus the invention can be used in many applications to replace
a conventional pilot signal. Most advantage is gained with wide

'bdndwidth systems and for narrow band systems a conventional pilot
signal is usually better. .

Where the reference signal is used to characterise a circuit or
transmission link, the characterisation is broadband.

A number of respective spread spectrum reference signals can be
used simultaneously 1if orthogonal random sequences are used to
generate the spread spectrum signals, since each reference signal
can be compared, or its non-random generating signal can be
recovered, using its particular reference sequence. Thus muitiple
reference signals can be used in the same circuit for different
purposes, or for similar purposes in different parts of the'same
circuit. |

Other advantages include the abi]ity" to work with any
modulation scheme. Most control techniques can be easily modified
for use with spread spectrum reference signals since conversion to
this form and comparison, or recovery of a non-random signal,
employs simple known methods and circuits.

3
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circuit 34 can be l|ocated at a renote | ocation fromthe rest. of the
circuit. This is possible according to the invention because of the spread

sspectrum correction techni que used A spread spectum signal
out put of the gain adjustnent conponent 36 in an adder SI,

is added to the
but the coropo-

nents 35, 36. and 51 can be connected between the circuit 34 and the
anplifier 4 in any order. In the nulti-loop control systemof FIG 3 a
first error signal is produced at the-olitput of the conbiner Uas in FIGS

1 and 2 but in thirﬁ t@,@S%é%ﬂ &@Qéf‘era%gg?da%@ﬁ’lm&%md SB8Y

at the output of the addition circuit 34 and.in the 1 nput

one ts 35 and 36
a‘t h-0St SPH%“F

anplifier 4 arsepbud sigadagqanrbe weeel atels sde caiheds 1|nnmorme desahl delone of
t he I nputs t<3 bhfﬁdentxfy a portion of a transmitted signal which has been

received by the repeater's receive antenna. This portion is then

subtracted from the input signaT to the repeater's amplifier after
phase and amplitude adjustment in much the same way as is the broad
band amplifier application to provide an -interference free signal
for transmission at high power so avoiding instability. |
‘Extracting the said characteristic may include using a spread

spectrum reference signal or a replica thereof for comparison with
the spread spectrum signal forming part of the processed signals,
er recovering a non-random signal used 1in generating the spread
spectrum signal from the processed signals. Recovery may be using
the same random sequence as for conversion; for example by using
the same or a similar random signal generator for recovery as for

conversion.

" Since the said characteristic can be used either in controlling

processing after extraction of the characteristic or before

extraction, control can be seen to be either
feedback.

feedforward or

The characteristic may or may not be modified when the combined

input and reference signals are processed.

In the broadband amplifier application mentioned above, it is

the degree to which the reference signal exists in the amplifier

output which is 9Jmportant, that 1is its level,

~since in this

application the reference signal can be regarded as a form of

specifically introduced distortion signal.

Thus in some forms of process1ng the said character1st1c may ‘be
modified between combination and use, and it may be that the degree
or way -in which modification has occured is the function of the

characteristic which is needed for processing.

In another example, the 1eve1 of the reference signal may be

the said characteristic, for dnstance when processing includes

transmission by some means from one Jlocation to another and

variable attenuation experienced by the input

and reference

signals is to be compensated when processwng is carr1ed out.
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- 11 - conbiner 11. Since IG 3 is intended to be a general figure a
" feedback network 37 is shown which receives as one of its input signals the
“error signal -fromthe output of the conbiner 11 but its other input signal
can be taken froma variety of different positions such-as the output of
the anplifier 15. The network 37 can be used to control either or both of
the pairs of phase and gai n adjustnent conponents 13 and 14, and 35 and 36
but either pair can, in sone circunstantés. be manual |y adjusted initially
and left at the dni giomal ogtémistarest odurplrages:spﬂgalth@ncma‘ratla@m%ﬁ@uaft tHen
order to 'rrprovfeeren@ec Pg%%lll%ta geognglaﬁpcrht'iosn requ1red to be as far as
possible unchanged between combination with the input signals and
its use in the control of processing. For example, the frequency
of the above mentioned non-random signal may be the said
characteristic, for instance when processing comprises demodulation
using a signal derived from the reference signals.

Thus the said characteristic may be frequency or signal level,
but other possibilities dinclude phase, or a combination - of
characteristics. '

" The spread spectrum signal may be of any type, for example, one
generated by changing frequency of a signal generator according to |
a random sequence or by combining a series of pulses representing
"ones" and "“zeros" with a tone. Other systems'which may be used
include time hopping in which signal bursts are randomly sequenced
in time and chirp systems in which each signal burst has a narrow
frequency bandwidth which rapidly sweeps the entire bandwidth.

According to a third aspect of the invention there is provided
a broadband linear amplifier tomprising

amplifier means, .

first difference means | for deriving an error signal,
representative of distortion introduced by the amplifier means,
from signals vrepresentative of dinput signals applied to the

'amp11fier means. _

second difference means for subtracting a signal representative'
of the error signal from the amplifier means output signals to
provide low distortion output signals, and

adjustment means responsive to control signals for adjusting
the relative phase and amplitude of signals app1ied'to at least one
of the difference means, '

wherein means are provided for. generating a spread spectrum
reference signal and combining.the reference signal with the input
signals after the signals representat1ve of the input signals are
‘derived from the first difference means, and

—_— !
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V. .
ponents a second error signal is derived by a conmbiner 38 which receives
the output signal fromthe first loop by way of a directional coupler 40

:and subtracts the output of the addition crcuit 34 received by way of the
del ay el enent 41 and phase and gai n adjustnent conponents 42 and 43. The
second error signal produced by the conbiner 38 is applied by way of phase
and gai n adj ustnment conponents 44 and 45 and an anplifier 46 to a
directional coupler 47 where cancel | ari®m of residual distortion occurs. A

final output signadnthePMmédi® GireCWiso0frbv{ded2 fiov tg?éﬁepaéirnemﬁedic_%g&tho”a'
coupler 48 to formone input for a feedback netwrk 50 which provides

control signalsd9ids (TREMaRPHS tTRENSPETAG AREHYTZES 1R g2t nllc GRPRATENtS the and -
45. Anot her f aedbatktoretowrkignahs hemdused igma Preprdsentani veolofsitpaalsrésr t he

spectrum signal used for combination with the input signals or the
error signal.

According to ‘a fourth aspect of the invention there is provided

" a repeater-comprising

an amplifier coupled betweén receive and transmit points,

means for deriving a cancellation signal representative of the
amplifier output signal,

means for adjusting the amplitude and phase of the cancellation
signal in response to control signals, '

difference means for subtracting the cancellation signal from
signals received at the receive point to provide input signails for
the amplifier having reduced interference between signals to be
amplified by the repeater and signals transmitted at the transmit-
point,

means for combining the said input signals with a spread
spectrum reference signal, and _

means for deriving the control signals from the said reference
signal and the said input signals. .

Certain embodiments of the invention will now be described with
reference to the accompanying drawings, in which:-

Figure 1 is a block diagram of a broadband linear amplifier
according to the invention,

Figures 2 and 3 are block diagrams of further broadband linear
amplifiers according-to the invention, each employing a digital
signal processor to act as a feedback control network, -

| Figure 4 is a block diagram of a radio repeatér'according to
the invention, and ‘

Figure 5 is a block diagram of & circuit which may be used in a
radio repeater where time delayed interference terms may occur.

Figure 1 is similar to Figuré 1 of the above mentioned British
Patent Application No. 9108920.1 except that the feedback network 20
develops control signals for the phase adjustmenf_component 13 and

e :
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This-Sheet Has Been Replaced | This is tha replacemsnt s_hset: y
Date:

13 MR 1997



ot ——————T

e cm s

-

conmponents 42 and 43, or these conponents can be adjusted manually when the
circuit is set up but are not then normally adjusted again The network 50
is similar to that shown in FIG 5 of U S. Pat. Nos. ‘5,334,946 and

5, 157, 345, where a DSP 60 is used, but one of ‘'the input signals is fromthe
random sequence generator 28, and the frequencies of osc¢illators 65 and 66
are different. The random sequence generates a spread spectrum signal at
the output of a mxer 63 for applicatibnrto a nmixer 70 where the output

spread spect i Shaakafu RO C YLy 05, mbiAnShAL Bl | 0 [ogaeney by

m xer 64 forns a I nput utput of this 0F
error signal teeRniaye léPf@@ vrmerafscmweatbqu 6HOHRNEE6,Figiiteh buwilit be

frequenci es fgkeéribeanss f2 whbPS EMRal PngisvRe Sedtladpt erd WY Tob@SHRACY rom the
earlier application.

An input signal is applied at an input terminal 1 and is
divided by a splitter 2 between two paths: a main patﬁ 3 to a main
amplifier 4 and a subsidiary path 5 to phase and gain adjustment
components & and 7. The output signal from the main amplifier 4
includes distortion products in the form of intermodulation but 1in
addition a spread spectrum signal is introduced at a combiner 25.
An RF signal generator 26 Supp]ies an RF carrier at the centre of
the frequency band of the input signals to a mixer 27 which also
receives squarewave, or filtered squarewave, signals from a maximum
length pseudo-random sequence generator 28 at baseband and having a
bandwidth equal to or less than that of the input signals. In this
known way a direct sequence spread spectrum signal (see "Principles
of Communication Systems" (2nd Edition), H. Taub and D.L. Schilling,
McGraw Hill 1986, Chapter 17, pages 720 to 749) is. applied by way

of the combiner 25 to the input of the main amplifier 4. Thus the
output from the amplifier 4 dincludes not 'on1y the distortion
products but alsc the spread spectrum signal spread across the
whole band of the 1input signals by means of the random noise-like
signal from the generator 28 which is mixed with the RF signal from
the generator 26. Of course other methods of introducing a spread
spectrum signal-across the whole or part of the band of the input
signai may be used to inject a spread spectrum signal into the
input of the main amplifier 4. '

A portion of the main amplifier output is obtained from a
directional coupler 9 and fed as a first input to a combiner 11.
A second dnput for the combiner 11 from the dinput terminal 1 is
arranged to be in antiphase to the portion of the power amplifier
output (thus forming a subtractor) by selection of a time delay
e]ément 8, and a correct adjustment of the phase shift component 6.
For optimum cancellation of the input signal to provide an error
signal at the output of the combiner 11, the gmpiitude levels must
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inputs to the DSP 60 apply inputs, for frequency translation to the m xers
63 and 64, respectively. Frequencies f[err] and f[err] - 12 - may for
:exanpl e be 457.50125 MHz and 457.5 MHz, rcspectiveiy (assum ng the
frequency of the generator 26 is 900 Mz and the bandwi dth of the M
sequence is 30 MHz). The output of thc mxer 63 is given by: 4571 _

MH err] and that af the mxer 64 is at 442.5 MHz after selection of |ower
side bands by flters 67 and 68. The er+8r-signal at the output of the

m xer70 is tr“ﬁﬁsgtbé'é%ﬁug%ﬂﬂe Bb and b grranged by correct adjustment of the
variable gain component 7. The signal obtained from the output of
_ the subtractor 11, in theory, contains only the distortion products

and the spread spectrum signal, and thus forms an error signal.

The error signal is used to cancel the distortion products and
the spread spectrum signal present in the output of the main
amplifier 4. The main amplifier signal at the output of the
directional coupler 9 is delayed by a time delay element 16 and fed
to one output of a directional coupler 17 acting as a subtractor.
The other dnput of the directional coupler 17 1is obtained by
processing the error signal derived previously from the combiner 11
(aéting as a subtractor) using a time delay element 12, phase and

“gain adjustment components 13 and 14, and an error amplifier 15.
The variable gain and phase shift components 13 and 14 are adjusted
for maiimum cancellation of the unwanted distortion products
present in the output signal of the coupler 17 and also to allow_
for phdse and amplitude errors in the amp]ifiér 15. The presehce
of the spread spectrum signal allows adjustment of the components -13
and 14 to be optimised for the whole frequency band and to operate
when distortion products are at a very low level.

Adjustment of the phase and gain components 6 and 7 is by means
of a feedback network 18 which 1is as described in the above
mentioned specification and derives input- signals from couplers 10
and 19. Correction of phase and gain of the error signal generated
at the output of the combiner 11 is under the control of a feedback -
network - 20 which applies control signals to the phase and gain |
adjustment components 13 and 14. The network 20 1is also as
described in the previous specification, that is it is the same as
the netwqu 18 but one of the signals applied to thé input of this
‘network comes from a different point from that of the previous
application. The signal which is the same comes from the same
‘point, and is from a directional coupler 21 while the other signal
comes from the mixer 27 by way of a time delay element 31: that is,
it is the spread spectrum signal injected at the input of the
amplifier 4. Thus the feedback network 20 is_aBJe to compare any

_.__———-————’”“‘”'“ﬂ—- | z
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frequency together with an output froma m xer 72 at a referenc frequency
or 1.25 KHerr].is applied to the DSP 60. Band pass filters 73 and 74

- sel ect sidebands as appropriate. The programfor the DSP is again as
described in U S. Pat Nos. 5,334,946 and 5, 157,345. Nearly all the spread
spectrum signal will be renoved by cancellation in the directional coupler
17 since it is seen by the feedback network 37 as an error signal at the
outut of the anplifier 4. This is appaPent since the input signal to the

combiner 11 Wikbin(I5i ¥55 Ligad" tflcerah 090knat 311 the AUALLOH SHERULL, 34

does not contain the spread spectrum signa IS on i ch
- appears in tWTGFF%hl"ﬂJQﬁReﬂuiDﬂeﬁdt?P@CHT'#'eéN@ﬂaI coupl er 48 whi ch provi des

an error signal fgropehgtAntro!drabrS9igaad ensweesuanidi bf onal ceangel! #f i on

in the which contains both distortion components and the spread spectrum
signal passes through the phase and gain adjusters 13 and 14 to the
subtraction circuit 17 where the phase and gain of the distortion
components and the spread spectrum signal are such that these
components and the corresponding spread spectrum signal from the
amplifier 4 are cancelled. Any residual distortion components or
spread spectrum signal components are fed back from the directional
coupler 21 to the feedback network 20. As a result of the two
jnput’ signals it vreceives this network adjusts the phase.
component 13 and .the gain component 14 such that cancellation in
the circuit 17 1is optimum. Since the spread spectrum signal is
spread over the whole bandwidth the adjustment of the components 13
and 14 is optimum for the whole bandwidth. '

In the above mentioned previous specification several forms of
the feedback network 20 were described and in one a digital signal
processor {(DSP) was used. As explained 1in the previous
specification it 1is preferable that a O0SP operates at audio
frequencies and for this reason the circuit of Figure 2 may be
used.

Figure 2 s similar to ngure 1 except that the feedback
network 20 is in the form of a DSP (not shown) and circuits are
provided to give input signals for the network at audio
frequencies. A generator 32 provides a signal at a frequency
offset from that of the generator 26 by an amount equal to the
input frequency required by the DSP to one input of eacﬁ of
mixers 29 and 33. Thus the generators 26 and 32 may have output
signals at 900 MHz and -900.00125 MHz for example. The mixer 29
then has an output at 1.25 KHz and, assuming that the M-sequence
generator 28 has an output signal band from 0 to 30 MHz, the output
of the mixer 33 has an _outbmt signal band from $00.00125 to
930.00125 MHz. When this latter band is mixed with the signal from
the coupler 21 in a mixer 30, the output .is—.an' error signal

;
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directional coupler 47. The provision of a spread spectum signal source for
connection to one of the feedback networks on a DSP is not always
necessary. For exanple. the spread spectrmsignal fromthe conber 38 of

FIG 3 can be used as one input to a network, such as the network 20 or,
with suitable fre- quency translation, a DSP, while the other inputs can
be taken fromthe coupler 48. Both inputs contain correspond- ing spread
spectrum signals, and control signals dPe-derived in the sane way as though

operating on g st s ken Praduash. @hsdeseiifad i %135’9*:: O, Mgﬁ“ 946

and 5, 157, 345. that the invention as ap
broad band I i rﬁé%ﬁueaﬁiﬁ‘-i findr B g PEOY@MMethtiH GBér%ﬁ'ﬁeoHa!{!h ayadgsatihed ways
wi th di fferengpadirapgersan gabo cont rol

The generators 26 and 32 -may include integrated circuit signa1
generators derived from a 10 MHz reference with the appropriate
output signals derived therefrom either internally or externally.
The generators should be frequency locked as indicated by a
connection 22. '

Where a number of dinput channels are to be combined at one
location and then applied as an input signal to the amplifier 4 and
the distortion minimising circuits of Figure 1 at a remote
location, then the input signals are deed, in the same way as
shown later in'Figure 3, before application to the input terminal 1.
A suitable connection joins the additional circuit used for this
burpose and the spiitter 2 . The advantage obtained is that the
numerous splitters 23 of Figure 2 of the above meationed
specification and the phase and gain adjusfment components 24
and 25 of that figure which would have to be at the same location
as the amplifier 4 are no lonéer required and a single connection
replaces the 1inputs to the combiner 28 of that figure. There may
be thirty or more input channels so the circuits of Figures 1 and 2
of the presént application provide a useful advantage especially
where summing can be carried out at a relatively 'low rental
location such as the basement of a building and transmission using
the amplifier 4 must be carried out at the top of a building at an
expensive rental 1location. The numerous connections previously
required between the two floors are now replaced by a single
connection.

The arrangement of Figure 3 illustrates that the invention can
be applied to a broadband linear amplifier employing several Tloops
for distortion correction and in which the adjustment of phase and
gain is applied to the input signals to the main amplifier 4.
Figure 3 has some similarities ito Figure 2 of the above mentioned
application but it differs in one important aspect: the two input
channels illustrated, which may be representatﬁveiof many more, are
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Date: 13 PﬂU‘ E!;’




| oops and feedback networks producing control signals for phase and gain
adjustnent. In particular each | oop may have its own specific spread
spectrum correction according to the technique of the present invention.
For this purpose a nunber of orthogonal random sequences; one for each

1 oop, are mxed with the output of the RF signal generator 26 in a
plurality of mixers. Crcuits such as the network 20, or the - 13-
network 50 are then provided for each-control |oop and receive a signal

representati veap%tﬁéé stgarathi c’g&da]rﬁgéngqmusﬁq:qugpcge?osrea acrg)ynt {ar?als_ei n rt_Jt gg%ngnal :
adjustment is carried out so the two inputs illustrated and the
addition circuit 34 can be located at ‘a remote location from the
rest of the circuit. This js possible according to the invention
because of the spread spectrum correction technique used.

A spread spectrum signal 1is added to the output of the gain
adjustment component 36 id an adder 51, but the components 35, 36
and 51 can be connected between the circuit 34 and the amplifier 4

© in any order.

In the multi-loop control system of Figure 3 a first error
signal is produced at the output of the combiner 11 as in Figures 1
and 2 but in this case two phase and gain adjustment components 35

~and 36 at the output of the addition circuit 34 and in the input
path of the amplifier 4 are used instead of the elements 6 and 7 in
the path of one of the inputs to the combiner 11. Since Figure 3
is intended to be a general figure a feedback network 37 is shown
which receives as one of its input signals the error signal from
the output of the combiner 11 but its other input signal can be
" taken from a variety of different positions.subh as the output of
the amp]ifier 15. The network 37 can be used to control either or
both of the pairs of phase and gain adjhstment components 13 and 14,
and 35 and 36 but either pair can, in some circumstances, be
manually adjusted initially and left at the original adjustment
during operation of the circuit.

In order to improve the cance]]atioh of distortion components a
second error signal is.derived by a combiner 38 which receives the
output signal from the first loop by way of a directional coupler 40
and subtracts the output of the addition circuit 38 received by way
of the delay elemgnt 31 and phase and gain adjusfment components 42
and 43. The second error signal produced by the combiner 38 is
applied by way of phase and gain adjustment components 44 and 45

“and an amplifier 46 to a directional coupler 47 where cancellation
of residual distortion occurs.' A final output signal from the
circuit of Figure 2 is taken from a directional coupler 48 to form
one input for a feedback network 50 which provides control signals
for the adjustment of the phase and gain components 44 and 45.

' .;Tﬁis Sheet Has Been Reﬂlaced . “This is tha replacement sheet
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As has al ready been pointed out, there-are many different ways in which the
‘multiple control |oops can be aranged. A radio repeater in the formof an
enhancer for cellular radio using the invention is now described but this
enbodi - nment of the invention could also be nodified for a line repeater.
The repeater of FIG 4 is used where it is reqired to receive a signal on a
frequency, anplify it and re-transnit on the sane frequency. Were nultiple
channel s require anpli- fication as imr ¢2ltular radio systens an anplifier

80 is preferaby,idepraagdhand Aega@@kr cBfae mhlfd Fro@idel g@m.tréﬁ) '%%%?

above or in the above nentione 5,334,94
Si gnal s recei vE¥ aiOMRORYHS \/‘lznganém“énna"SlthB&%sCB’W‘W&W%f can be adJusted

manually when the circuit is set up but are not then normally
adjusted again. ' )

The network 50 is similar to that sﬁown in Figure 5 of
App]ication No. 9108920,1,_where a DSP 60 is used, but one of the
ﬂinput signals is from the random sequence generator 28, and the
frequencies of oscillators 65 and 66 are different. The random

| sequence generates a spfead spectrum signal at the output of a
mixer 63 for application to a mixer 70 where the output spread
spectrum signal from the coupler 48, translated in frequency by a
mixer 64 forms another input signal. The output of this mixer
forms the'error signal for the DSP 60. 7Two oscillators 65 and 66,
with output frequencies fy and fo chosen to give suitable low
frequency inputs to the 0SP 60 apply inputs, for frequency
translation to the mixers 63 and 64, respectively. Frequencies fy
and fp may for example be 457.50125 MHz and 457.5 MHz, respectively'
(assuming the frequency of -the generator 26 is 900 MHz and the
bandwidth of the M sequence is 30 MHz). The output of the mixer 63
is giveh by:

457.50125 - 30/2 = 442.50125 MHz

and that of the mixer 64 is at 442.5 MHz after selection of 1ower
side bands by filters 67 and 68. The error signal at the output of
the mixer 70 is thus at 1.25 KHz, and this frequency together with
an output from a mixer 72 at a reference frequency of 1.25 KHz is
applied to the DSP 60. Band pass filters 73 and 74 select
sidebands' as appropriate. The program for the DSP is again as
described in App1icatioﬁ No. 9108920.1.

Nearly all the spread 'spectrum signal will .be removed by
cancellation in the directional coupler 17 since it is seen'by the
feedback network 37 as an error signal at the output of the
amplifier 4. This is apparent since the input signal to the
combiner 11 which derives the error signal from the addition
circuit 34 does not contain the spread spectrum signal. It is only
the residue which appears in the circuit outqutJjn the directiona1'

3
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couplers 82, 84 and 83 to the input of the anplifier SO The output of the
anplifier 80 is connected by way of a coupler 8S, acting as a splitter, to
a’transmt antenna 86. Wak wanted signals are received by the antenna 81,

linearly anplified and re-transmtted at the anténna 86 but inperfect

i sol ati on between the antennas results in sone of the trans- mtted energy
bei ng coupl edback into the receive antenna as unwanted. high |evel,

i nterference which may cause insta- bi1#8y: In order to avoid this oroblem

a signal equal cép1bPess b e EF@HQJ‘éssérg@aFora@dgrﬁﬂ wbaSﬁ,et ReREMIGBEr 150 and
subtracted fromthe i ncomn actln? as a
¢

splitter. That®}Pdres AddfpPngly \Mﬂ%ﬂ" hHS%BB ddé'e%'ﬂ‘tf’lt"ﬁéd’toé'ﬂ % 4ldentified
by a spread spect mhenpravgsiain bﬂjaeebee:hdl Bpectriom sigwaif surcenpstt déhhéctibhe

coupler 83. ac£gr%%éa%fatﬁgl# d%ack networks on a DSP is not always necessary.
For example, the spread spectrum signal from the combiner 38 of
Figure 3 can be used as one input to a network, such as the
network 20 or, with suitable frequency translation, a DSP, while
the other 1inputs can be taken from the coupler 48. Both inputs
“contain corresponding spread spectrum signals, and cdntro1 signals
are derived in the same way as though operating on distortion
products, as described in Application No. 9108920.1.

It is clear that the invention as applied for example to broad
band 1inear amplifiers can be put into operation in many other ways
with different arrangements of control loops and feedback networks
producing control signals fof phase and gain adjustment. In
particular each 1loop may have 1its own specific spread spectrum
correction according to the technique of the present invention.
For this purpose a number of orthogonal random sequences, one for
each loop, are mixed with the output of the RF signal generator 26
in a plurality of mixers. "Circuits such as the network 20, or the
network 50 are then provided for each control loop and receive a
signal representative of dits particular random sequence as a
control-input signal. _

As has already been pointed out, there are many different ways
in which the multiple control loops can be arranged.

A radio repeater in the form of an enhancer for cellular radio
using the invention is now described, but this embodiment of the
invention could also be modified for a line repeater. _

The repeater of Figure 4 is used where it {s required to
receive a signal on a frequency, amplify it and re-transmit on the
same frequency. Where multiple channels require amplification as
in cellular radio systems an amplifier 80 is preferably a broadband
linear amplifier of the type adeééribed above or 1in the above
mentioned British Patent Application No. 9108920.1.
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The spread spectrumreference signal is gencrated by using a m xer 87 to

m x the outputs of an Msequence generator -88 and an RF signal generator
‘89. A portion of the output of the anplifier 80°is renmoved using the
splitter 85 and passed through gain and adjustnment conponents 90 and 91 to
formthe subtraction signal at the coupler 82 acting as a conbiner. A
network 93 which may. either be of the anal ogue type described in the above
nmentioned patent application or. wi t h-si4 t-abl e frequency translation, a DSP

recei ves one i npuggg danal .f Lot hﬁ spl i hgg.-,rwﬁg ggg rgﬁe d] é’ég? F)or m of ;he

spread spectrumréférence signal Tromthe mx
interference stappdprsy $2 has §F@n@ toetke vinput of the amphher The Output

of the amplifier is connected by way of a coupler 85, acting as a
splitter, to a transmit antenna 86. Weak wanted signals are
received by the antenna 81,'linéar1y amplified and re-transmitted
at the antenna 86 but imperfect disolation between. the antennas
results in some of the transmitted energy being coupled back into
the receive antenna as unwanted, high level, interference which may
‘cause instability. In order to avoid this problem a. signal equal
to the interference signal and 1in phase therewith 1is subtracted
from the incoming signal by the coupler 82, acting as a splitter.
That part of the signal which has to be subtracted is identified by
a spread spectrum reference signal dinjected into the amplifier
input using the'coup1er 83, acting as a splitter.

The spread spectrum reference signal is generated by using a
mixer 87 to mix the outputs of an M-sequence generator 88 and an RF
signal generator 89. A portion of the output of the amplifier 80
is removed using the splitter 85 and passed through gain and
adjustment componenfs 90 and 91 to form the subtraction signal at
the combiner 82. A network 93 which may either be of the analogue
type described in the above mentioned patent application or, with
suitable frequency translation, a DSP receives one input signal
from the splitter 84 and one in the form of the spread spectrum
reference signal from the mixer B87. Any remaining interference
signal din the Signa] received from the receive antenna after
subtraction of a signal nominally equal to the interference signal
in the coupler 82, acting as a combiner, is applied to the
network 93 and compared. with the spread spectrum reference signal.
As a result the network 93 provides independent control signals to
adjust the amplitude and phase components 90 and 81 giving the

- correct amplitude and phase for the signal subtracted in the
combiner 82.
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- 14 - fromthe receive antenna after subtraction of a signal nom- nally
equal to the interference signal in the coupler 82, acting as a conbiner,
‘is applied to the network 93 and conpared with the spread spectrumrefernce
signal. As a result the network 93 provides independent control signals to
adj ust the anplitude and phase conmponents 90 and 91 giving the correct
anpl i tude and phase for the signal sub- tracted in the conbiner 82 For

cel lular applications a bidirectional Fépeater is required and this can be

achi eved by’ usi neot we1¥iTaruaps] iebtidne taybedﬁhemdan rbfaatdr (V4! Aatiride

ant ennas 81 an one, for .each, directio tra sn1 sion. The
antennas re t g %?35 can be achieved %y using pwo circul the type shown in

Figure 4 (without the antennas 81 and 86), one for each direction
of transmission. The two antennas'are then connected to the two
circuits of Figure 4 by way of hybrid circuits in the known way.

In situations where scattered (that is time-delaved)
interference terms occur they can be resolved and cancelled in‘a
way similar to that described in Figure 4 but using'the arrangement
shown in Figure 5. Such interference terms may arise, for example,
from different péths from the tfansmit_antenna 86 to the receive
antenna Bl1. The transmitter output as obtained from the splitter 85
is applied to a terminal 94 where it passes fhrough two delay
circuits 95 and 96 which correspond to two time-delayed
interference terms. Three adjustment circuits 97, 98 and 99,
containing bhase and amplitude adjustment components, receive
signals from the terminal 94 and the delay circuits 95 and 96,
respectively, and provide outputs which are summed in a summer 101
before being applied as the error signal to the combiner 82.
Amplitude and phase adjustment control signals for the circuit are
derived 1in a similar way to that shown in Figure 4 from an
M-sequence generator used as a reference signé] and applied at
a terminal 102, and a signal from the splitter 84 applied at
a terminal 103 after down-conversion to base band, for
example 0-30 MHz. A network 104 derives the amplitude and phaée
contrq] signé]s from.the spread spectrum reference -signal and the
signal from the terminal 103 directly but control signals for the
circuits 98 and 99 are derived by circuits 105 and 106 from delayed
versions of the reference signal provided by a first, and a second
inverse 7 transformation, respectively, in circuits 107 and 108.
The c¢ircuits 107 and 108 each provide a one-bit delay for the
digital signals applied at the terminal 102. Although the signals
at the terminal 103 are not strictly digital they are sufficiently
close at cellular radio frequgncies for aimost all correlators to
function. If necessary, however, these signals could be processed,
for instance by a Schmidt trigger circuit, in iorder to improve
waveshape. '
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connected to the two circuits of FIG 4 by way of hybrid Grcuits in the
known way. |n situations where scattered:(that is tinme-delayed) inter-
ference terms occur they can be resolved and cancelled in-a way sinmlar to
that described in FIG 4 but using the arrangenent shown in FIG S. Such
intererence terns may arise, for exanple, fromdifferent paths fromthe
transmt antenna 86 to the receive antenna 81. The transmtter output as
obtained fromthe spitter 85 is appliedtl® a terminal 94 where it passes

through tvo del ay offeCuiterelPe AAngP HAIC B GHiER PONhnltO LA 1hiP-HiehayiRd

interference terns, Three adjusirient circuits 97, 98 and 99, containing
phase and anpl i SAHETEA] B4t M Ubrﬁbn%‘rﬁ%?%@é’?vé"@'{ﬁﬁ?%t'f rRfm 45¢4 t“’éFh‘?q’Fal
94 and the del agoan+corivérsi9h a6dd9Fiver efmpdttidecland phase adjustment control

signals.

The arrangement of Figure 5 can .be regarded as effectively
creating a tapped delay-line filter whose characteristics are
frequency dependent. The arrangement is akin to a Rake receiver
for spread-spectrum transmissions (see: G.L. Turin, “Introductiqn
to spread-spectrum antimultipath techniques and their application
to urban digital radio", Proceedings of the IEEE, Vol. 68, No. 3,
March 1980, pp. 328-353; and S.A. Allpress, M.A. Beach, &. Martin
and C.M. Simmons, "An dinvestigation of'RAKE receiver operation in
an urban environment for various spreading bandwidth allocations",
"Proceedings bf the 42nd 1EEE Vehicular Technology Conference,
Denver, Colorado, May 1992). The 1lower half of Figure 5
(circuits 104 to 108) may be implemented digitally in an ASIC.
Down-conversion (as mentioned above) is then necessary.

The invention can be put into practice in many other ways where
it is required to remove or reduce unwanted signals by cancellation
or where a combination of a processed signal or a signal to be
processed with a derived signal of controlled amplitude and/or
phase improves processing.
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~and. provi de outputs which are summed in a sunmer 101 before bei ng appli ed

~as the error signal to the conbiner 82 Anplitude and phase adjustfent—
“control signals for the ciruit are de[err] in a sin htsyay.tp

ok agtgpowm
in FIG 4 froman Msequence generator used as a refer ¥ ;
applied at a termnal 102, and a signal fromthe spli tmﬂﬂ{ﬂﬂg ] at a
term nal 103 after down-conversion to ‘base band, for 1L Hz. A
network 104 derives the anplitude ardiphase control. signals fromthe spread
spec- trumreference signal and the signgyhsfromthe termnal 103 directly

but control signals for the circuits 99 are derived by circuits 105
and 106 fronl deRafRihodeefspoecesssing 1vd petse compa sing ide Wreosiefed by a first,

?Bg | aTﬁgcond | NY6ritsit idg L4 ApHbad Hfek OFum SAGRECHITLR! ¥n irputi EFHAS £th0Feand

processed, : '

processing the combined signals to provide an output signal,

deriving an intermediate signal dependent on the processed
combined signals and adjusting the phase and/or amplitude of the
intermediate signal in responﬁe to control signals,

combining the adjusted intermediate signal with the input or
the output signal of the said processing to improve processing, and

deriving the said control signals from the output signal.
2. A method according to Claim 1 wherein

processing the combined signals comprises amplification,

deriving the intermediate signal comprises deriving an error
signal representative of _distortion introduced by the
amplification, and

“the combining step comprises subtracting the error signal from

the output sigha1 to provide an improved output signal.
3. A method according to Claim 1 wherein processing the combined
signals comprises amplification, ' '

spurious signals originating from the output signals. are
present with the input signal, and

the intermediate signal is combined with the input éﬁgna] by
subtraction to reduce the spurious signals and to provide an
improved input signal. _ '
4. A method according to Claim 2 or 3 wherein

the said control signals - are defived from a signal
representative of the improved input signal or the improved output
signal and a signal representative of the spread speétrum signal.
5. Apparatus for processing signals comprising

means for combining a spread spectrum sigha] with an input
signal to be processed, _ )

means for processing the combined signals to provide an output
signal,
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circuits 107 and 108 each provide a one- bi t deIay-%ﬁf—%he—d+g+%aL—s+gnals
applied at the terminal 102. Although the - 15 - 8l goal.s the term na
103 are not strictly digital they are sufficiently.-C f ' radio .
frequencies for alnost all correlators to function. I omever
these .signals could be processed, for instance by a
circuit, in order to i nprove waveshape. The refrence S|gnal fronlthe m xer,
87 and the signal fromthe 3plitter =888 may, in an alternative arrangement
be used without ygpWANGONMET $hQtmbPiater IMEnAITPHESHIENASn the processed
combined signals and adjusting the phase and/or amplitude of the
intermediate signal in response to control signals,
means for combining the adjusted intermediate signal with the
input or the output signal of the said processing to improve
processing, and

means for deriving the said control .signals from the output
signal. _
6. A method of processing signals comprising the steps of
combining a reference signal, having a predetermined
characteristic, with the input signals which are not spread
spectrum modulated,

processing the combined input and reference signals to provide
processed signals, and _ .

extracting a signal representative of the said characteristics
from the processed signals to control, at least partially, the said
processing and/or further processing of the'processed signals,

wherein the reference signal is a spread spectrum signal.
7. A method according to Claim 6 wherein

processing the combined signals comprises amplification,

the processed signals are further processed by deriving an
error signal representative of distortion introduced by the
amplification and subtracting the error signal froh the output
signal after amplification, and

the said chéracteristics.are used to control the amplitude and
phase of the output signal relative to the error signal when
subtraction is carried out. - '
8.. A method according to Claim & or 7 wherein extracting the
signal representative of the said characteristic includes using
both the spread spectrum signal in the processed signals and the
reference signal as used for combination with the input signals to
derive a signal dependent on the said characteristic.
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phase adj ust mept—contrTol signals. The arrangenent of FIG S can be regarded
as effectively cr L0 RRed del ay-line filter whose characteristics
"are frequency % n@giar r angenent is akin to a Rake receiver for

spr ead- spect run mugm m‘ (see: G L Turin; "Intoduction to
spread-specr a j """ echni ques and their application to urban
digital radi o", Proceedings of the |EEE, Vol. 8. 68, No. 3, March 1980, pp..
328-353; and S. A Allpress. M A Bedéhy G Mrtin and C. M Simons, "An
i nvestigati oy of cejy eragi ofpndsn ag ur ir . for

vari ous spregdiA%Régﬁaafd§ﬁ¥gf$ﬁ@at?gnsévhﬁPrgceéB?ﬂﬁgﬂﬁf %ﬂgﬁgng IéEE
Vehi cul ar Te®@KpoTedgyensensigraledded frogHoRtY atotbe qemyra gg2)the THeeduensr hal f
of FIG 5 (cipagdidns the4idputlQ8yndmy BRd | foMbaAeAY Ethedipgbilrb¥erdc® 3Rgna)

with a pseudo random repeatable signal to generate the reference

[0

signal.
10. A method according to Claim 9 wherein extracting the signal
representative of the said characteristic includes recovering a
signal representative of the pre-reference signal from the spread
spectrum sighal in the processed 'singnals, and using both the
recovered signal and a signal representative the pre-reference
signal to derive a signal dependent on the said characteristic.
11. Apparaths for processing signals comprising

means for combining a reference signal, having a predetermined
characteristic, with the 1input signals which are not spread
spectrum modulated, _

means for processing the combined input and reference signals
to provide processed signals, and _

means for extrdcting a signal representative of the said
characteristics from the processed signals to control, at least
partially, the said processing and/or further processing of the
processed signals,

wherein the reference signal is a spread spectrum signal.
12. A broadband linear amplifier circuit comprising '

amplifier means,

first difference means for deriving an error signal,
representative of distortion introduced by the amplifier means,
from signals representative of 1input signals applied to the
amplifier means, )

second difference means for subtracting a signaf representative
of the error signal from the amplifier means output signals to
provide a low distortion output signals, and

adjustment means responsive to control signals for adjusting
the relative phase and ampIitude-of signals applied to at least one
of the difference means,

/ [}
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ASI C. Down-conversion (as nentioned above) is then nec-. essary“The-—

i nvention can be put into practice in nmany other wWaylhis\Sh&f asiphen %QU|red
to renove or reduce unwanted signals by or where a co mm) ﬁ

processed signal or a signal to be processedwith a d

control |l ed anplitude andor phase iproves processing a|m 1
A net hod of processing signals conprising steps of: conblnlng a spread
spectrumreference signal with an - 20 - '

wherein means are provided for generat1ng a spread spectrum
reference signal and -combining the reference signal with the input
signals after the signals representative of the input signa1s are
derived from the first difference means, and . |

~ control means are also prdvided for generating the control

signals from both spread spectrum signal as it appears in the low
distortion signals and a signal representative of either the spread
spectrum signal used for combination with the input signa]s'or the
error signal.
13. An amplifier circuit according to Claim 12 wherein the
amplifier means comprises

an amplifier, and

means for correcting distortion ihtroduced'by'the amplifier by
generating an error s1gna1 and subtracting it from the amplifier
output signal.
14. An amplifier circuit according to Claim 12 or 13 wherein the
first difference means derives the difference between first and
second signals representative of signals at the input and output of
the amplifier means, respectively.
15.. An amplifier circuit according to Claim 12, 13 or 14 wherein
the means for generating the reference signal comprises

means for providing a signal at a frequency at the'centre of a
band of frequencies to be amplified

means for providing a series of pulses having a bandwidth equal
to that of the said band and with the pu1ses having a s1gn1f1cance
according to a pseudo-random repeatable sequence and _

means for combining the signal having the said frequency with
the series of pulses to provide the spread spectrum reference
signal. " '
16. An amplifier circuit according to Claim 15 wherein the series
of pulses comprises pulses having a first and second magnitude or
amplitude representing first and_second significances, respectively.
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ﬂlnput S|gnal-%e—be—pfﬁcessed—rnro a conbi ned S|gnal processing said

conbi ned si gnal 1 Qé@cessed conbi ned S|gnal deriving an
i nt medi at e sﬁgﬁf sai d pro- cessed conblned signal and Said
i nput signal; ad st one of a phase and an anplitde of said
i nternedi ate si e to control signals to forman adj usted
I nt ermedi ate signal ; conblnlng said adjusted internedi ate signal with at
| east one of said conblned S|gnal and 23atd processed com bined signal to

f I dy | d | s I f
ool tant si gral Ao R TeaBhoe G r alBindy ST En TR0 By MR e o

Wher ei n: means for generating control signals inlcudes

a digital signal processor,

means for supplying an offset signal at a frequency which
differs from the centre frequency of the said band by an amount
equal to the frequency at which the digital signal processor is to
operate, _ '

means for supplying the series of pulses, or rép]ica thereof,
to first mixer means together with the offset signal in deriving an
input signal for a second mixer means which also receives the low
distortion signa]s and providés a first input signal for the
digital signal processor,

means for supplying a signal at the centre frequency of the
band to a third mixer means together with the offset signal in
deriving a second input signal for the digital signal processor.
18. An amplifier circuit according to Claim 15 or 16 wherein the
means for generating the control signals includes

a digital signal processor,

means for supplying first and second offset signals at
frequencies which differ by an ‘amount eqdal to the frequency at
which the digital signal processor is to operate, '

means for supplying the series of pulses, or a replica thereof,
to first mixer means connected to receive the first offset signal
also, | _ _

means for supplying the low distortion signals to a second
mixer means connected to receive second offset signal also,

third mixer means connected to receive the first and second
offset signals and provide a first input from the digital signal
processor, and |

fourth mixer means connected to receive the outputs of the
first and second mixer means and provide a second input for the
digital signal processor.

L L 1L ——r
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said'step of processing said conbined signal cohprises anplification; said
step of deriving said m t signal conprises derlvwmgg@a}ﬁgggﬁg hg&al

Tepresentative of distortion introduced by said anpllf ald
step of conbining said adjusted internediate signal cting:
said error signal fromat |east one-of said conbined '

processed conbined signal to provide said resultant S|gnal 3 A net hod of
processing signals according to claimd2 -wherein: said step of processing

sal d conbl Nedgs! 9RAncGREP" 67 rdhaP bank CAAF Bh ¢ AR YEn SIRBRLs fngCHgles

spurious signal's;
steps of

amplifying input signals,

deriving an error signal representative of the distortion
introduced by the amp1ifying step,

subtracting the error signa1 from the .output signals of the
amplifying steps to provide low distortion signals,

adjusting the relative phase and amplitude: of signals used in
deriving the error signal and/or providing the Tlow distortion
signals, adjustment being made in response to control signais,

generating a spread spectrum reference signal, _

combining the reference signa? with the input signa1s; and

generating the control signals from both the spread spectrum
signal as it appears in the low distortion sighals and a signal
representative of either the spread spectrum signal used for
combination with the input signals or thé error signal.
20. A repeater comprising '

an amplifier coupled between receive and transmit points,

means for deriving a cancellation signal representative of the
amplifier output signal, .

means for adjusting the amplitude and phaSe of the cancellation
signal in response to control signals,

difference means for subtracting the cancellation signal from
signa1§ received at the receive point to provide input signals for
the amplifier having reduced {nferference between signals to be
amplified by the repeater and signals transmitted at the transmit
point, .

means for combining the said input signals with a sp%ead
spectrum reference signal, and .

means for deriving the control signals from the said reference
signal and the said input signals.
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sai d step of conbining said adjusted internediate signal signal conprises
subtracting said adjusted internediate signal fromsaid at |east one of
-sai d conbi ned signal and said processed conbi ned signal to reduce said
spurious signals included in said input signal 4. A nethod of processing
signals according to claim2 or 3, wherein: said control signals are
derived froma signal representa- tive of said resultant signal and a
signal representative of said spreadzspectrun1reference signal. TNhis 4

ftris se.. 1S Albhddd ifddikl'ddchidddg' tbI@%im 20 including FTP 198
means for deriving at least one further cancellation signal
representative of the amplifier output signal but delayed in time,
means for adjusting the amplitude and phase of the further -
cancellation signal in response to further control signals, and
means for deriving the further control signals from the
reference signal, delayed in time, and the said input signals,
wherein the difference means, in operation, subtracts both'the
- cancellation signals and the further cancellation signals from the
signals received at the receive point to provide the input signals.
22. A method for processing signals, using a spread spectrum
reference signal as hereinbefore described.
23. Apparatus for processing signals, using a spread spectrum
reference signal as hereinbefore described with reference to the
-accompanying drawings.
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- 17 - 5. An apparatus for processing signals conprising: neans |Lor

. conbining a spread specnrumreferencé sighal” with an i nput signal to be _
processed into a conbined signal; neans for processing said conbined signa

to provide a processed conbi ned signal; means for deriving an internediate

si gnal "dependent on said orocessed conained S|gnal and sald i nput signal;

means for adjusti riSEREOD of : RE o8 PEESS]

i ntermedi ate signal in respﬂu—f Bt ENG to forn1an adjusted in

signal ; neans for combining said austed [ i at e signal

ABSTRACT

The invention provides methods and apparétus for substituting
a reference spread spectrum signal for a pilot tone or providing a
reference spread spectrum signal where no pilot tone has been
used. The invention has particular relevance when a large number
of input channels are required for a broad band Tinear amplifier
and when- an omni-directional antenna is required for a repeater
which may be prone to instability.
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with at | east one of said conbined signal and said processéd combi ned

si-gnal to forma resultant signal; and neans for dervin .d_conwol

sifignal s from said resutant siignal. 6.° A nethod of processing signals

conprising steps of. conbining. a spread spectrumreferenct¥Shemiiks Rayp m%
prede id c ctic with input signals which are not spread.sp _
to foma conbi ned signal; processing said caonbi ned signal . : f

processed conbi ned signal; further processiﬁg sai d processed co
signal ; -and exacting an extracted signal rfxwesentative of said char- -
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acderistic of said spread Spectrun1reference signal fromsaid processed
conbi ned signal and said input signal to controL at Ieasﬁ,l,sgh@kmgBeg,ﬁ{egla@d

* firther processing of.said processed conbi ned signal. 7.

processi ng signals conprising steps of: conbining a spr eaEl!Hﬁ HIH m lllL
ref erence signal having a predeterm ned ch cC withi |ch

are not spread spectum nodul ated to forgpa conbi ned signal; processing said
- conbi ned signal to provide a processfgd conbi ned signal, said step of

processi ng said conbi ned signal conpfising anplification; This le thwW
repl acenent shm C ~~~~~ n c; F : .
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- 18 - further processing sai d processed conblned S|gnaL»—e*PpaeP+ng—aﬂ—

extracted signal representative of said char- acteristic of sald ) read
spectrumreference signal fromsaid processed corrblned'rh

at least partially, said further processing of said pro o
signal deriving an error signal representative of disto uced
by said anplification; subtracting said ror signal fronlat Ieast one of
sai d processed conbi ned signal and said rt her processed
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¢

processed conbi ned signal; and using said extract ed signal to control an
anplitude and a phase of sald processed conbi ned signal relative to said
error signal before said error signal is subtracted f(on1sa|d processed

conbi ned signal. 8. A nmethod of processing signals Healbblacem 6 or
7. wherein said step of etracting said signal represe
characteristic of said spread spectrumrefegfence sign | ng bot h

an armount of said spwaad spec- trumreference signal remaining in said
processed conbi ned gnal and said spread spectrumreference signal to
derive a signal debkndent oB2said charadteristic of said spread spec- trum
reference signal. 9. (A met..&d of procesrs-i_’-_ng signals according to claim S8,

‘ b |
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4 80
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d

further ,conprising steps of: generating a pre-reference signal at®#¢tefwer
frequency of a frequency band of said input signals; and conbining said
pre-reference signal with a pseudo ran- domrepeatable signal to generate
sai d spread spectrumreference signaL 10. A nethod of processing signals
according to claim9, wherein said stgpaygr_extracting said signal
representative of Sﬁggngbagﬂgtgpbﬁkh@ug?pgﬁlgIgﬁkgagngggg i@ r ef erence

si gnal includes steps oF__T?ﬁﬁ§Eﬁ57ﬁEEEﬁEﬁEﬁRﬁiﬁﬁiﬂgﬁiﬂ'—Fgﬁr§éentat|ve of
said pre- reference signal fromsaid spread spectrumsignal in said

processed conbi ned signal; and using both said recovered signal and a
sikgnal representa-

ABSTRACT

The invention provides methods and apparﬁtus for substituting
a reference spread spectrum signal for a pilot tone or providing a
reference spread spectrum.signal where no pilot tone has been
used. The invention has particular relevance when a large number
of input channels are required for a broad band 1inéar amplifier
and when an omni-directional antenna is required for a repeater
which may be prone to instabi]ify.

FIGURE 1.
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characteristic sai d spread spec- t Fum refeerence: ‘/
apparatus for priocessing signals-conprising: nmeans? ng 'a“spr gaa:&;biw
spectrum reference signal having a pred- ed cha/af: eriSh it coydct . tnpu’esd *%.
sig- nals which are not spread spectrum nodul at ed to:barma cophridnedio pagad.
si gnal ; neans fory_grocesm ng sai d combt ned SI gnal to pI’OVI de a processed
conbi ned si gnal :

tive of said pﬁ% reference signal to derive a sigpal ' de_pendeﬂt "'"bh"ﬁ""‘sal d ‘:n_

METHOD AND APPARATUS FOR SIGNAL
PROCESSING USING REFERENCE SIGNALS

FIELD OF THE INVENTION

The orcscnt invention relates to methods and apparams
for substituting another type of signal for a pilot signal
where the pilot signal would provide a reference for level
and/ar frequency and/or phase, for example. The invention
also, of course, relates to appiications where a reference
signal is required but no pilot signal has previously been
used or contemplated.

BACKGROUND OF THE INVENTION

The disadvantages of pilot signals include additional
loading for any circuit which uses the pilot signal, the
provision of a siot in the frequency spectrum for a pilot
signal where it does not interfere with other signals, and
where the pilot signal is used to characterize changes in a
transmission path,, the characterization is strictly speaking
only applicable to the frequency region occupied by the pilot

-signal,

The present inveation is particularly useful in the removal
of distorton in broadband linear amplifiers such as are
described in U.S. Pat. Nos. 5,334,946 and §,157,345.
Another method of reducing distortion in such amplifiers is
described in U.S. Pat. No. 4,580,105 assigned 0 AT & T
(inventor Myer). The correction method of this U.S. Pat. No.
4,580,105 suffers from the ahove mentioned disadvantages
and a further disadvantage in that the pilot signal restricts
channel usage within the amplifier where 2 muiti-channel
input is applied to the amplifier. Previously mentioned U.S.
Pet. No. 5,334,946 and 5,157,345 overcame these problems
by avoiding the use of a pilot signal but a further problem
exists in the particular situation where it is required to
combine a large oumber of input channels for application to
the broadband linear amplifier. Such an amplifier is usually
used as the final power amplifier of a radio transmitter and
for this reason it must be near a transmission antenna. The
antenna is usually situated on the top of a building where
rentals are high. A large number of input cables, ane for each

. input channel, for example 30 to 100, have to be run to the
: - " top floor of this building. In addition some circuits have to
- be duplicated for cach channel near the amplifier and high

reatal space is required for this purpose.
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means for further processing said processed conbi ned signal; and nmeans for
extracting an extracted signal representative of said characteristic of
sai d spread spectrumreference signal m said processed conbi ned signal and
said input signal to control, at least partially, said further processing
of said processed conbined signal. |12. A broadba |inear anpllfler circuit
conprising anplifier nes having an input. and an output; first difference
means for deriving an error signal repre- sentative of distortion

i ntroduced by said arrpl ifier rreans fn¥ = signals representative of input
signals applied to sgp 42508 of tieSinveRibh is3f kshtid | rst difference
mes deriving a di Hp%&&?;c. hfaﬂ-ad;o. where a repeater for

a “hole” in coverage, fcr example in a turmel, receives
sxgnals at a low level and transmits at a high level on the
same frequency. Instabdny is likely in such repeaters but can
usually be avoided by using directional antennas and posi-
tioning transmit and receive antennas as far apart as pos-
sible. However in . situations one omnidirectional
antenna is required- and”sttable spacing is inconvenient. A
similar application which uses a derivative of the technique
is in frequency translating repeaters. An advantage then
gained is the elimination of the complex filtering otherwise
required in these systems.

In code-division multiple access (CDMA) systems each
channel employs a spread spectrum signal and the channel
signals are added before transmission. U.S. Pat. No. 4,962,
507 describes a system in which a pilot signal for ransmit-

ting a timing reference is aiso r.ransuutr.ed in spread spectrum
form.

SUMMARY OF THE INVENTION |

According to a first aspect of the present invention there
is provided a method of processing signals comprising the
steps of

combining a spread spectrum signal with an input signal

to be procsssed,

procassing the mmbmed signals to provide an output

signal,

deriving an intermediate signal dependent on the pro-

cessed combined signals and adjusting the phase and/or -
-amplitude of the intermediate signal in respouse to
control signals,

combining the adjusted intermediate signal with the input

or the output signal of the processing to improve
processing, and

deriving the control signals from the output signal.

Methods according 1o the first aspect of the invention, and
corresponding apparatus, may be used where the signals to -
be procsssed are spread spectrum signals.

According to a second aspect of the present invention
there is provided a method of processing signals comprising
the steps of combining a referencs signal, having a prede-
termined characteristic, with the input sxgnals which are not
spread spectmm modulated,
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signal representative of said input signal applied to said anplifier neans
and a second signal reprsentative of said output signals from said output
of said anplifier nmeans; second difference @ neans for subtracting a signal
repre- sentative of sald error signal fromoutput signals rep- resentative
of said output of said anplifier means to provide a | ow distortion output
signal ; adjustnent neans responsive to control signals for adjust- ing a
phase and an anplitude of signals applied to said- first diffrence neans
stausly with a phase and an anplitude of signals applied to said second
differ- ence neans neans for generating a spread spectrumrefernce signal

....3 -

processing the combined mput—and reference s:gnals to

provide processed signals, and

extracting a signal representative of the characteristics

from the processed signals to control, at least partially,
the processing and/or further processing of the pro-
cessed signals,

wherein the reference signal is a spread spectrum signal.

The second aspect of the invention is based on the
realization that a spread spectrum reference signal can be
wud:n:lammmxumumthsnptoﬂmmwuzcnnmbyspnad
spectrum signals.

The advantages of the invention include not having to
pmmndeapmmonofﬂwsgxmunlﬁwapﬂotsgmﬂsoﬂunﬁx
exampie in multichanne]l usage more of the spectrum is
awﬁhnﬂeﬁmnﬂmmm:h Since the spread spectrum signal is a

noise-like signal little additional load is imposed at any
p@numkrihuaumcyandanycoummmmnsxeumnnngnloub
put signals appear as noise.

Thus the invention can be used in many applications to
replace a conventional pilot signal. Most advantage is
gained with wide bandwidth systems and for narrow band
systems a conventional pilot signal is usually bester.

Where the reference signal is used to characterize a circuit
or transmission link, the characterization is broadband.

A number of respective spread spectrum refereace signals

- can be used simuitaneously if orthogonal random sequences
are used to0 generate the spread spectrum signals, since each
reference signal can be compared, or its non-random gen-
erating signal can be recovered, using its particular reference
sequence. Thus multiple reference signals can be used in the
same circuit for different purposes, or for similar purposes in
different parts of the same circuit.

Other advantages include the ability to work with any
modulation scheme. Most control techniques can be casily
modified for use with spread spectrum reference signals
since conversion to this form and comparison, or recovery of
a non-random signal, employs simpie known methods and
circuits. _

In the radio repeater application mentioned above, the
spread spectrum signal can be used, as is described in more
detail below, to identify a portion of a transmitted signal
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and for conbining said spread spectrumreference signal with at [east one
of said input signals and said signals representative of said input
signals; and control neans for generating said control si gnal s fromboth an
anount of said spread spectrumreference si gnal remaining in said | ow
di stortion output signal and a signal representatlve ‘of one of said spread
spectrum reference signal and said error signal. - 20 - 13. A broadband
linear anplifier circuit according to claim12, wherein said anplifier
means conpri ses: .
- 4 - . .
which has been reczived by the repeater’s receive antenna.
This pomon is then subtracted from the input signal to the
repeater’s amplifier after phase and amplitude adjustment in
much the same way as is the broad band amplifier apphm-
tion to provide an interference {res signal for ransmission at
high power 0 avoid instability.
Extracting the said characteristic may include using a
spread spectrum reference signal or a replica thereof for
comparison with the spread spectrum signal forting part of
the processed signals, or recovering a non-random signal
‘used in generating the spread spectrum signal from the
processed signals. Recovery may be using the same random
sequence as for conversion; for example by using the same
or a similar random signal generator for recovery as for
conversion.
Since the chamacteristic can be used either in controiling
processing after extraction of the characteristic or before
‘extraction, control can be seen 10 be either feedforward or
feedback.
The characteristic may or may not be modified when the
combined input and reference signals are processed.
In the broadband amplifier application mentioned above,
it is the degree to which the reference signal exists in the
amplifier output which is important, thar is its level, since in
this application the reference signal can be regarded as a
form of specifically introduced distortion signal.
Thus in some forms of processing the characteristic may
be modified between combination and use, and it may be
that the degree or way in which modification has occured is
‘the function of the characteristic which is needed for pro-
cessing.
In another example, the level of the reference signal may
be the characteristic, for instance when processing includes
transmission by some means from one location to another
and variable attenuation experienced by the input and ref-
erence, signal is to be compensated when processing is
carried out .
In some other forms of processing the characteristic of the
reference signal may be one which is required to be as far ac
possible unchanged between combination with the inpu
signals and its use in the control of processing. For cxample
the frequency of the above mentioned non-random sxgnm
may be the characteristic, for instance whea processing
comprises demodulation using a signal dcnved from the
reference signals.
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an anplifier, and neans for correcting distortion introduced by said anpli -
fier by generating an error signal and subtracting said error signal from
an. out put signal fromsaid anplifier. 14. A broadband |inear anplifier
circuit according to claim 13, wherein said nmeans for generating said
spread spectrumreference signal conprises: neans for poviding a signal at
a center frequency of a band of frequencies to be anplified; means for _
providing a series of pulses having a bandw dth equal to that of said band
of frequencies, said pulses having a significance according to a

pseudo-random r epeat abl e sequence and nmeans: for Conbi ni ng said signal at
sai d center frequency o '

-5-

Thus the characteristic may be frequency or signal level,
but other possibilities include phase, or a combination of
characteristics.

The spread spectrum signal may be of any type. for
example, one generated by changing frequency of a signal
generator according to a random sequence or by combining
a series of pulses representing “ones™ and “zeros” with a
tone. Other systems which may be used include time hop-
pinginwhichsignalbursts are randomly sequenced in ime
and chirp systems in which each signal burst has a narrow
frequency bandwidth which rapldly sweeps the entire band-
width.

According to a third aspect of the invention there is
provided 2 broadband linear amplifier compnsmg

amplifier means,

first difference means for deriving an error signal, repre-
sentative of distortion introduced by the amplifier
means, from signals representative of input signals
applied to the amplifier means.
second difference means for subtracting a signal repre-
sentative of the error signal from the amplifier means
output signals to provide low distortion output signals,
and
adjustment means respousive to control signals for adjust-
ing the relative phase and amplitude of signals applied
to at least one of the difference means,
wherein means are provided for generating a spread
spectrum reference signal and combining the reference
signal with the input signals after the signals represen-
tative of the input signais are derived from the first
differeace means, and
control means are aiso provided for generating the control
signals from both the spread spectrum signal as it
appears in the low distortion signals and a signal
represenranve of the spread spectrum signal used for
' combination with the input signals or the error sxgnal
According to a fourth aspect of the inveation there is
provided a repeater comprising
an amplifier coupled between receive and transmit points,
means for deriving 1 cancellation signal representative of
the amplified output signal,
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with said series of pulses to provide said spread spec- trumreference:
signal 15. A broadband linear anplifier circuit conprising anplifier means
havi ng an input 3nd an output; first difference neans for deriving an error
signal repre- senative of distortion introduced by said anplifier means
from signals representative of input signals applied to said input of said
anplifier nmeans; second difference neans for subtracting a signal repre-
sentative of said error -signal from output signals rep- resentative of said
out put of said anplifier neans to provide a | ow distortion output signal;
adj ust nrent nmeans responsive to control signals for adst- ing a relative
phase and an anplitude of signals applied

-6 -

means for adjusting the amplitude and phase of the
cancellation signal in response to control signals,

difference means for subtracting the cancellation signal
from signals reczived at the receive point to provide
input signals for the amplifier having reduced interfer-
ence between signais to be amplified by the repeater
and signals transmitted at the transmit point,

means for combining the input signals with a spread
spectrum reference signal, and

means for deriving the control signals from the reference
signal and the said input signals.
BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the invention will now be
described with reference to the accompanying drawings, in

- which:
" FIG. 1 is a block diagram of a broadband linear amplifier
according to the invention,

. FIGS. 2 and 3 are block diagrams of further broadband
linear amplifiers according to the invention, cach employing
a digital signal processor to act as a feedback control

network,
FIG. 4 is a block diagram of a radio repeater according to
the invention, and

FIG. § is a block diagram of a circuit which may be used
in a radio repeater where time delayed interference terms
may occur.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 is similar to FIG. 1 of the above mentioned U.S.
Pat. Nos. 5,334,946 and 5,157,345 except that the feedback
network 20 develops control signals for the phase adjust-
ment component 13 and the gain adjustment 14 partly by
means of the spread spectrum technique of the present
invention. However, FIG. 1 will be described as'a whole
leaving some details to be obtained from the earlier appli-
cation. . _
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to at |east one of said first difference neans and said second difference
nmeans; nmeans for generating a spread spectrumreference signal and for
conbi ning said spread spectrumreference signal with at | east one of said
i nput signals and said signals representative of said input signals, said
means for generating said spread spectrumreference signal conprising:

means for providing a signal at a center equency of a band of frequencies"
to be anplifi ed. - 21 - -

-7-

An input signal is applied at an input terminal 1 and is
divided by a splitter 2 between two paths: a main-path 3 to
a main amplifier 4 and a subsidiary path 5 to phase and gain
adjustment components 6 and 7. The output Signal from the
main amplifier 4 includes distortion products in the form of
intermodulation but in addition a spread spectrum signal is
inroduced at a combiner 25. An RF signal generator 26

. supplies an RF carrier at the center of the frequency band of
the input signals to a mixer 27 which aiso receives square-
wave, or Sltered squarewave, signals from a maximum
length pseudo-random sequence generator 28 at baseband
and having a bandwidth equal to or less than that of the input
signals. In this known way a direct sequence spread spec-
trum signal (see “Principles of Communication Systems”
(2nd Edition), H. Taub and D. L. Schilling, McGraw Hill
1986, Caapter 17, pages 720 to 749) is applied by way of the
comkbiner 25 to the input of the main amplifier 4. Thus the
output from the amplifier 4 includes not only the distortion
products dut also the spread spectrum signal spread across
the whole band of the input signals by means of the random
noise-tike signal from the generater 28 which is mixed with
the RF signal from the generator 26. Of course other
methods of introducing a spread spectrum signal across the
whole or part of the band of the input signal may be used to
inject a spread spectrum signal into the input of the main .
amplifier 4.

A portion of the main amplifier output is obtained from a |
directional coupler 9 and fed as a first input to a combiner |
11. A second input for the combiner 11 from the input -
terminal 1 is arranged to be in antiphase to the portion of the
power amplifier output (thus forming a subtractor) by select,
on of a time delay element 8, and a correct adjustment of the
phase shift component 6. For opimum canceilation of the

~ input signal to provide an error signat at the output of the
combiner 11, the amplitude levels must also be adjusted and
‘this is arranged by correct adjustment of the variable gain
component 7. The signal obtained from the output of the
subtractor 11, in theory, contains only the distortion products
and the spread spectrum signal, and thus forms an error
signal. : : -
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means for providing a series of pulses having a band- wi dth equal torthat
of said band of frequencies, said pulses having a significance according to
a pseudo- random repeat abl e sequence, and neans for conbining said signal
at said center fre- quency with said series of pulses to provide said
spread spectrumrefece signal; and control neans for.generating said
control signals fromboth an anobunt of said spread spectrumreference
signal remaining in said | ow distortion output signal and a signal
representative of one of said spread spectrumreference signal and said
error signaL 16. A broedband linear -@plifier circuit according to claim1S
or 14, wherein said series of pulses
: Thcc:rorsxgnalxsusedtocanc..lthcdxstomonpmducm
-and the spread spectrum signal present in the output of the
main amplifier 4. The main amplifier signal at the output of
the directional coupler 9 is delayed by a time delay element
16 and fed to one input of a directional coupler 17 acting as
a subtractor. The other input of the directional coupler 17 is
obtained by processing the error signal derived previously .
from the combiner 11 (acting as a subtractor) using a time
delay element 12, phase and gain adjustment components 13
and 14, and an error amplifier 15. The variable gain and
phase shift components 13 and 14 are adjusted for maximum
cancellation of the unwanted distortion products present in
the output signal of the coupler 17 and also to allow for
phase and amplitude errors in the amplifier 15. The presence
of the spread spectrum signal allows adjustment of the
- components 13 and 14 to be optimized for the whoie

frequency band and to opetaxewhendmmonpmductsare
at a very low level.

Adjustment of the phase and gain components 6 and 7 is
by means of a feedback petwork 18 which is as described in
the above mentioned patents and which derives input signals
from couplers 10 and 19. Correction of phase and gain of the
error signal generated at the output of the combiner 11 is
under the control of a feedback network 20 which applies
control signals to the phase and gain adjustment components
13 and 14. The network 20 is also as described in the
previous specification, that is it is the same as the network
18 but one of the signals applied to the input of this network

- comes from a different point from that of the previous
application. The signal which is the same comes from the
same point, and is from a directional coupler 21 while the
other signal comes from the mixer 27 by way of a time delay
clement 31: that is, it is the spread spectrum signal injected
at the input of the amplifier 4. Thus the feedback network 20
is able to compare any remnant of the spread spectrum signal
in the coupler 21 with the original injected spread spectrum
signal. '

In operation the error signal at the output of the combiner
11 which contains both distortion components and the
spread spectrum signal passes through the phase and gain
adjusters 13 and 14 to the subtraction circuit 17 where the
phase and gain of the distortion components and the spread
specum signal are such that these componeats and the
corresponding spread spectrum signal from the amplifier 4
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pul ses having a first anplitude representing a first signifi- cance and

pul ses having a second anplitude reprng -a second significance. 17. A
broadband linar anplifier circuit according to claimlS or 14, wherein said
control neans for generating said control signals conprises a digital

signal processor, nmeans for supplying an offset signal at a frequency which
differs fromsaid center frequency of said band of frequecies by an anount
equal to a frequency at which said digital signal processor is to operate;
first, second and third m xer neans; -nBans for supplying a signal
representative of said s of pulses to said first mxer nmeans together wth
said :
are canceiled. Any residual distortdon components ar spread
specum signal components are fed back from the direc-
_tional coupler 21 to the feedback netwark 20. As a result of
the 'wo input signals it receives this network adjusts the
phase component 13 and the gain component 14 such that
cancellarion in the circuit 17 is optimum. Sincs the spread -
spectrum signal is spread over the whole bandwith the
adjustment of the components 13 and 14 is optimum for the
whole bandwidth. _

In the above mentioned previous specification several
forms of the feedback network 20 were described and in one
a digital signal processor (DSP) was used. As explained in.
the previous specification it is preferable that a DSP operates
at audio frequencies and for this reason the circuit of FIG.

2 may be used.

FIG. 2 is similar to FIG. 1 except that the feedback
network 20 is in the form of a DSP (not shown) and circuits
are provided to give input signais for the network at audio
frequencies. A generator 32 provides a signal at a frequency
offset from that of the generator 26 by an amount equal to
the input frequency required by the DSP to one input of each
of mixers 29 and 33. Thus the generators 26 and 32 may
bave output signals at 900 MHz and 900.00125 MHz for
exampie. The mixer 29 then has an output at 1.25 KHz and,
assuming that the M-sequence generator 28 has an output
signal band from 0 to 30 MHz, the output of the mixer 33
has an output signal band from 900.00125 to 930.00125
MHz. When this latter band is mixed with the signal from
the coupler 21 in a mixer 30, the output is an etror signal at
1.25 KHz. The DSP thus receives input signals at suitable
frequencies and may be programmed in the same ways as
described in U.S. Pat. Nos. 5,334,946 and 5,157,345.

The generators 26 and 32 may include integrated circuit -
signal generators derived from a 10 MHz reference with the
appropriate output signals derived therefrom either inter-
nally or externally. The generators should be frequency
locked as indicated by a connection 22.
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of fset signal in deriving an inpt signal to saird second m xer means, which
receives said |l ow distortion output signal and provides a first input

signal to said digital signal processor, nmeans for supplying a signal at .
said center frequency of said band of frequencies to said third m xer neans
together with said offset signal in deriving a second input signal to said
digital signal processor 18. A broadband linear anplifier circuit
according to claim.15 or 14. wherein said control neans for genrating said

control signals conprises: a-digital signal processor; first and second
m xer neans, - 10 -

Where a number of input channels are to be combined at
one location and then applied as an input signal to the
amplifier 4 and the distortion minimizing circuits of FIG. 1
at a remote location, then the input signals are added, in the
same way as shown later in FIG. 3, before application to the
input terminal 1. A suitable connection joins the additional
circuit used for this purpose and the splitter 2. The advantage
obtained is that the numerous splitters 23 of FIG. 2 of the
above mentioned U.S. Pat. No. 5,157,345 and the phase and
gain adjustment components 24 and 25 of that figure which
would have to be at the same location as the amplifier 4 are
no longer required and a single connection replaces the
inputs to the combiner 28 of that figure. There may be thirty
or more input channels so the circuits of FIGS. 1 and 2 of
the present application provide a useful advantage especially
where summing can be carried out at a relatively low rental
location such as the basement of a building and transmission
using the amplifier 4 must be carried out at the top of a .
building -at an expensive rental location. The pumerous -
connections previously required between the two floors are
now replaced by a single connection. '

The arrangement of FIG. 3 illustrates that the invention -
can be applied w0 2 broadband linear amplifier employing
several loops for distordon correction and in which the
adjustment of phase and gain is appiied to the input signals
to the main amplifier 4. FIG. 3 has some similarities to FIG. -
2 of the above mentioned application but it differs in one
important aspect: the two input channels illustrated, which -
may be representative of many more, are applied to an
addition circuit 34 before any phase or gain adjustment is
carried out so the two inputs ilustrated and the addition
circuit 34 can ve located at a remote location from the rest
of the circuit. This is possible according to the invention
because of the spread spectrum correction technique used.

A spread spectrum signat is added to the output of the gain
adjustment component 36 in an adder 51, but the compo-
nents 35, 36-and 51 can be connected between the circuit 34
and the amplifier 4 in any order.

In the muiti-loop control system of FIG. 3 a first error
signal is produced at the output of the combiner 1 as in
FIGS. 1 and 2 but in this case two phase and gain adjustment
components 35 and 36 at the output of the addition circuit 34
and in the input path of the amplifier 4 are used instead of
the elements § and 7 in the path of one of the inputs to the
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- 22 - neans for supplying first and second of fset signals at respective
frequencies which differ by an anount equal to a frequency at which said
digital signal processor is to operate, to said first and second m xer
nmeans, respectively; neans for supplying 1 signal representative of said
series of pulses to said first mxer neans; neans for supplying said | ow
distortion signals to said second m xer neans; third m xer neans for

receiving said first and second offset signals and for providing a first
i nput to said ' '

- 11 -

combiner 11. Since FIG. 3 is intended to be a general figure
a feedback network 37 is shown which receives as one of its
input signals the error signal from the output of the combiner
11 but its other input signal can be taken from a variety of
different positions such as the output of the amplifier 15. The
network 37 can be used to countrol either or both of the pairs
" of phase and gain adjustment components 13 and 14, and 35
and 36 but cither pair can, in some circumstances, be
manually adjusted initiaily and left at the original adjustment
during operation of the circuit. |
In order to improve the cancellation of distortion com-
ponents a second error signal is derived by a combiner 38
which receives the output signal from the first loop by way
of a directional coupler 40 and subtracts the output of the
addition circuit 34 received by way of the delay element 41
and phase and gain adjustment components 42 and 43. The
second error signal produced by the combiner 38 is applied
by\wayofphas:amdgakxmﬁumnm:nconuxnuzns44and45
and an amplifier 46 to a directional coupler 47 where
cancellation of residual distortion occurs. A final output
~ signal from the circuit of FIG. 2 is taken from a directional
coupler 48 to form one input for 2 feedback network 50
which provides control signals for the adjustment of the
phase and gain components 44 and 45. Another feedback
petwork can be used to provide control signals for the -
components 42 and 43, or these componeats can be adjusted
manually when the circuit is set up but are not then normally
adjusted again. o
The network 50 is similar to that shown in FIG. § of U.S.
Pat. Nos. 5,334,946 and 5,157,345, where 2 DSP 60 is used,
but one of the input signals is from the random sequence
generator 28, and the frequencies of oscillators 65 and 66 are
different. The random sequence generates a spread spectrum
signal at the output of a mixer 63 for application to a mixer
70 where the output spread spectrum signal from the coupler
48, translated in frequency by a mixer 64 forms another
.input signal. The output of this mixer forms the error signal |
for the DSP 60. Two oscillators 65 and 66, with output
frequencies f, and f, chosen to give suitable low frequency
inputs to the DSP 60 apply inputs, for frequeacy transiation
to the mixers 63 and 64, respectively. Frequencies f; and f;
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digital signal processor; and fourth m xer neans for receiving outputs of
sad first m xer neans and said second m xer neans and for -providing a
second input to said digital signal proces- sor 19. A broadband |inear
anplifier circuit conprising: anplifier nmeans having an input and an
output; first difference neas for deriving an error signal repre- sentative
of distortion introduced by said anplifier neans from signals
representative of input signals applied to said input of said anplifier.
mens, said first difference means deriving a difference between a first
signal representative of an input si gnallzappl led to said anplifier means
and a second signal representative of =
may for example be 457. 50125 MHz and 4575 MHz,
respectively (assuming the frequency of the generator 26 is
900 MHz and the bandwidth of the M sequence is 30 MHz)
The output of the mixer 43 is given by:

457.50125~04=d42. 50125 MHz

andtha:crthc mxxcr64 is az4425 MHz after selecton of
lower side bands 9y §lters 67 and §8. The error signal at the
output of the mixer 70 is thus at 1.25 KHz, and this
frequency ageﬂlcrmmmoumut&omammnaa
reference frequency of 1.25 XHz is applied to the DSP 60.
Band pass filters 73 and 74 select sidebands as anpropna:e.
The program for the DSP is again as described in U.S. Pat.
Nos. 5,334,946 and 5,157,345.

Nearly ail the spread spectrum signal will be removed by
cancellation in the directional coupler 17 since it is seen by
the feedback network 37 as an error signal at the output of
the amplifier 4. This is apparent since the input signal to the
combiner 11 which derives the error signal from the addition
circuit 34 does not contain the spread spectrum signal. It is
only the residue which appears in the circuit output in the
directional coupler 48 which provides an error signai for the
controller S0 and ensures additional cancellation in the
directional coupler 47.

The provision of a spread spectrum signal source for
connection to oue of the feedback networks on 2 DSP is not
always necessary. For example, the spread spectrum signal
from the combiner 38 of FIG. 3 can be used as one input to
a network, such as the network 20 or, with suitable fre-
quency translation, 2 DSP, while the other inputs can be
taken from the coupler 48. Both inputs contain correspond-
ing spread spectrum signals, and control signals are derived
in the same way as though operating on distortion products,
as described in U.S. Pat. Nos. 5,334,946 and 5,157.345.

It is clear that the invention as applied for example to
broad band linear ampiifiers can be put into operation in
many other ways with different arrangements of control
loops and feedback networks producing control signals for
phase and gain adjustment. In particular each loop may have
its own specific spread spectrum carrection according to the
technique of the present invention. For this purpose a
aumber of orthogonal random sequences, one for each loop,
are mixed with the output of the RF signal generator 26 in
a plurality of mixers. Circuits such as the network 20, or the
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an output signal fromsaid output of said anplifier nmeans; second

di fference means for subtracting a signal repre- sentative of said error-
signal from output signals rep- resentative of said output of said

amplifier means to provide a |ow distortion output signal; adjustnment means
responsive to control signals for adjust- ing a relative phase and an
anplitude of signals applied to at |east one of said first difference neans
and said second difference neans; neans for generating a sad spectrum

ref erence signal.and for conbining salg spread spe=um refce signal with at

| east one of said input signals and sa 3 signals representative of said

Input signals, said "Retwork 50 are then provided for each control loop and

receive a signal representative of its particular random
sequence as a control-input signal.

As has already been pointed out, there are many different
ways in which the multiple control loops can be arranged.

A radio repeater in the form of an enhancer for cellular
radio using the invention is now described, but this embodi-
ment of the inveation could also be modified for a line
repeater.

- The repeater of FIG. 4 is used where it is required to
receive a signal on a frequency, amplify it and re-transmit on
the same frequency. Where muitiple channels require ampli-
fication as in cellular radio systems an amplifier 80 is
preferably a broadband linear near amplifier of the type
described above or in the above mentioned U.S. Pat. Nos.
5,334,946 and 5,157,345.

- Signals received at a receiving antenna 81 pass by way of
couplers 82, 84 and 83 to the input of the amplifier 80. The
output of the amplifier 80 is connected by way of a coupler
85, acting as a splitter, to 2 transmit antenna 86. Weak
wanted signals are received by the antenna 81, linearly
amplified and re-transmitted at the antenna 86 but imperfect
isolation between the antennas results in some of the trans-

mitted energy being coupled back into the receive antenna as

unwanted, high level, interference which may cause insta-
bility. In order to avoid this problem a signal =qual to the
interference signal and in phase therewith is subtracted from
the incoming signal by the coupler 82, acting as a splitter.

That part of the signal which has w0 be subtracted is

identificd by a spread spectrum reference signal injected into

the amplificr input using the coupler 83, acting as a splitter.

The spread spectrum ceference signal is geverated by
using a mixer 87 (o mix the outputs of an M-sequence
generator 88 and an RF signal generator 39. A portion of the

output of the amplifier 80 is removed using the splitter 85

amdnaﬂwdduougavmnandadumumunconmommns90amd

91 o form the subtraction signal at the coupier 82 acting as

a combiner A network 93 which may either be of the

analogue type described in the above mentioned pateat

application or, with suitable frequency transiation, a DSP
receives one input signal from the splitter 84 and one in the
form of the spread spectrum reference signal from the mixer

87. Any remaining interferencs signal in the signal received
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for generating said spread spectrumreference signal conprising: - 23 -
means for providing a signal at a center fequency of a band-of frequencies
to be anplified, neans for providing a series of pulses having a band-
wi dth equal to that of said band of frequencies, said pul ses having a
significance acgording to a pseudo- random repeatabl sequence and nmeans for

conbi ning said signal at said center fre- quency with said series of pulses
to provide said

- 14 -

from the reczive antenna after subtraction of a signai aomi-
nally zqual o the interference signal in the coupler 82,
acting as a combiner, is applied to the setwork 93 and
compared with the spread spectrum reference signal. As a
result the network 93 provides independent cootrol signals
to adjust the amplitude and phase compenents 90 and 91
giving the correct amplitude and phase for the signal sub-
tracted in the combiner §2. :

For cellular applications a bidirectional repeater is
required and this can be achieved by using two circuits of the.
type shown in FIG. 4 (without the antennas 31 and 86), one
for each direction of transmission. The two antennas are then
connected to the two circuits of FIG. 4 by way of hybrid
circuits in the known way.

In situations where scattered (that is time-delayed) inter-
ference terms occur they can be resolved and cancelled in a
way similar to that described in FIG. 4 but using the
arrangement shown in FIG. §. Such interference terms may
arise, for example, from different paths from the transmit
antenna 86 to the receive antenna 81. The transmitter output
as obtained from the spitter 85 is applied to a terminal 94
where it passes through two delay circuits 95 and 96 which
correspond to two time-delayed interference terms. Three
adjustment circuits 97, 98 and 99, containing phase and
amplitude adjustment components, receive signals from the
terminal 94 and the delay circuits 95 and 96, respectively,
and provide outputs which are summed in 2 summer 101
before being applied as the error signal to the combiner 82.
Amplitude and phase adjustment control signals for the
circuit are deri sc< in a similar way to that shown in FIG. 4
from an M-sequence generator used as a reference signal
and applied at a terminal 102, and a signal from the splitter
84 applied at a terminal 103 after down-conversion to base
band, for example 0-30 MHz. A network 104 derives the
amplitude and phase control signals from the spread spec-
trum reference signal and the signal from the terminal 103
directly but control signals for the circuits 98 and 99 are

- derived by circuits 105 and 106 from delayed versions of the
reference signal provided by a first, and a second inverse Z
transformation, respectively, in circuits 107 and 108. The
circuits 107 and 108 each provide a one-bit delay for the
digital signals applied at the terminal 102. Although the
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spread spectrumreference signal; and control means for generating said
control signals fromboth an anmount of said spread spectrumreferene signal
remaining in said |ow distortion output signal and a signal representative
of one of said spread spectrumreference signal and said error signal. 20.
A broadband linear anplifier circuit according to claim16, wherein said
control neans for generating said control signals conprises: a digital
signal processor; neans for supplying an offset signal at a frequency which
differs fromsaid center frequency of said band of frequencies by an
amount equal to a frequency at which sdid digital signal processor is to
oper at e; - - .-

signals ar the terminal 103 are not strictly digital they are

sufficiently close at cellular radio frequencies for almost all
- correlators to function. If necessary, however, these signals

could be processed, for instance by a Schmidt trigger circuit,
~ in order to improve waveshape.

The refereace signal from the mixer 87 and the signal
from the splitter §4 may, in an alternative arrangement, be
used without down-conversion to derive amplitude and
phase adjustnent control sxgnals

The arrangement of FIG. 5 can be regarded as effectively
creating a tapped delay-line flter whose characteristics are
frequency dependent. The arrangement is akin to a Rake
receiver for spread-spectrum transmissions (see: G. L. Turin,
“Introduction to spread-spectrum antimuitipath techniques
and their appiication to urban digital radio”, Proceedings of
the [EEE, Vol. 68, No. 3, March 1980, pp. 328-353; and S.
A. Allpress, M. A. Beach, G. Martin and C. M. Simmons,
“An investigation of RAKE receiver operation in an urban
-environment for various spreading bandwidth allocations”,
“Proceedings of the 42nd IEEE Vebicular Technology Con-
ference”, Denver, Colo. May 1992). The lower half of FIG.
§ (circuits 104 0 108) may be implemented digitally in an
ASIC. Downwnvemon (as mentioned above) is then nec-
€ssary.

The invention can be put into practice in many other ways
where it is required to remove or reduce unwanted signals by
cancellation or where a combination of a processed signal or
a signal to be processed with a derived signal of controlled
amplitude and/or phase improves processing. -
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first. second and third m xer neans; neans for supplying a signal
representative of said series of pulses to said first m xer neans together
with said offset signal in deriving an input signal to said second m xer
means, which receives said | ow distortion output signal and provides a
first input signal to said digital signal processor; neans for supplying a
signal at said center frequency of said band of frequencies to said third
m xer means together with said offset signal in deriving a second input
signal to said digital signal processor. 21. ‘A broadband |inear anplifier
circuit according to claim 16, wherein said control neans for generating
said control signals conprises: - 16 -

We claim:
1. A method of processing sxgnals comprising stcps of:
combining a spread spectrum reference signal with an
input signal to be processed into a combined signal;
processing said combined signal to provide a processed
combined signal;

deriving an intermediate signal dcpendcm on said pro-
cessed combined signal and Said input signal;

adjusting at least one of a phase and an amplitude of said
intermediate signal in response tw control sxgnzls 1o
form an adjusted intermediate signal;

combining said adjusted intermediate signal with at least
one of said combined signal and said processed com-
bined signal to form a resultant signal; and

deriving said control signals from said resultant signal.

2. A method of processing signals according to claim 1,

said step of processing said combined signal comprises
amplification;

said step of deriving said intermediate signal comprises
deriving an error signal representative of distortion
introduced by said amplification; and
said step of combining said adjusted intermediate signal
comprises subtracting said error signal from at least one
of said combined signal and said processed combined
signal to provide said resultant signal.
3. A method of processing signals according to claim 1,
wherein: _
~ said step of processing said combined signal comprises
amplification;
said input signal includes spurious signals; and
said step of combining said adjusted intermediate signal
signal comprises subtracting said adjusted intermediate
signal from said at least one of said combined signal
and said processed combined signal to reduce said
spurious signals included in said input signal.
4. A method of pmcessmg signals accordmg to claim 2 or
3, wherein:
said control signals are derived from a signal representa-
tive of said resultant signal and a signal representative
of said spread spectrum reference signal.
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a digital signal processor first and second m xer neans; neans for
supplying first and second offset signals at respective frequenci es which
differ by an anount equal to a frequency at which said digital signal
processor is to operate, to said first and second m xer neans,

respectively; - 24 - means for supplying a signal representative of said
series of pulses to said first m xer neans; neans for supplying said | ow
distortion signals to said : :

-17 -

5. An apparatus for processing signals comprising:

means {or combining 2 spread spectrum reference signal
with an input signal to be processcd into a combined
signal;

means for processing said combined signal to provide a2
processed combined signal;

means for deriving an intermediate signal dcpendent on
said processed combined signal and said input signal;

means for adjusting at least one of a phase and an
amplitude of said intermediate signal in response o
controi signals to form an adjusted intermediate signal;

' means for combining said adjusted intermediate signal

with at least one of said combined signal and said .
processed combined signal to form a resuitant signal;
and

means for deriving said control signals from said resultant

signal.

6. A method of processing signals comprising steps of:

" combining a spread spectrum reference signal having a
predetermined characteristic with input signals which
are not spread spectrum modulated to form a combined
signal;

processing said combined signal to provide a ptocessed
combined signal;

further processing said processed combined signal; and

extracting an extracted signal representative of said char- -
acteristic of said spread spectrum reference signal from
said processed combined signal and said input signal to
control, at least partially, said further processing of said -

combined signal.
7. A method of processing signals comprising steps of:
combining a spread spectrum reference signal having a

predetermined characteristic with input signals which
are not spread spectrum modulated to form a combined
signal;

processing said combined sxgnaltopmvidc a processed
combined sxgnal said step of processing said combined

signal comprising amplification;
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second m xer neans; third mxer neans for receiving said first and second
of set signals and for providing a first input to said digital signal
processor , and fourth m xer nmeans for receiving outputs of said first

m xer means and sai d second m xer neans and for providing a second input
to said digital signal proces- sor. 22. A nethod of broad band |i near
anplifica conpris- ing steps of: anplifying input signals to form
anplified output signals; deriving an error signal representative of
distortion intro- duced by said step of anplifying input signas;
subtracting said error signal fron1sai?8aanTfied out put

further processing said processed combined signal;

. extracting an extracted signal representative of said char-
acteristic of said spread spectrum reference signal from
said processed combined signal to control, at least
partially, said further processing of said processed
combined signal '

deriving an error signal representative of distortion intro-
duced by said amplification;
subtracting said error signal from at least one of said
processed combined signal and said further processed
processed combined signal; and
using said extracted signal to control an amplitude and a
phase of said processed combined signal relative to said
error signal before said error signal is subtracted from
said processed combined signal.
8. A method of processing signals according to claim 6 or
7, wherein said step of extracting said signal representative -
‘of said characteristic of said spread spectrum reference
signal includes using both an amount of said spread spec-
trum reference signal remaining in said processed combined
signal and said spread spectrum reference signal to derive a
signal dependent on said characteristic of said spread spec-
. trum reference signal.
9. A method of processing signals according to claim 8,
further comprising steps of:
generating a pre-reference signal at a center frequency of
a frequency band of said input signals; and

combiging said pre-reference signal with a pseudo ran-
dom repeatable signal to generate said spread spectrum
refereace signal. ) o
10. A method of procsssing signals according to claim 9,
wherein said step of extracting said signal representative of
said characteristic of said spread spectrum reference signal
includes steps of: _ ]
recovering 1 recovered signal representative of said pre-
reference signal from said spread spectrum signal in
said processed combined signai; and ol
using both said secovered signal and a sigoal represeata-
tivgc of said pre-reference signal to derive a signal .
dependent on said characteristic of said spread spec-
trum reference signal. '
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signals to provide | ow distortion signals; sinultaneously adjusting a

rel ati ve phase and an anpli- tude of at |east one of signals used in
deriving said error signal, said input siignals, and said anplified out put
signals, in response to control signals; generating a spread spectrum

ref erence signal; conbining said spread specumreference signal with said

| nput signals; and generating said control signals fromboth an amunt of
sai d spread spectrumreference signal remaining in said | ow distortion
signals and a signal representative of at |east one of said spread spectrum
ref erence signal and said error signal: ¥®3- A radio repeater conprising:

11. An apparatus for processing signals comprising:

- means for combining a spread spectrum reference signal
having a predetermined characteristic with input sig-
nals which are oot spread spectrum moduiated to form
a combined signai;

means for processing said combined signal to provide a
processed combined signal;

means for further processing said pmccsscd combined
signal; and

means for extracting an extracted signal representative of
said characteristic of said spread spectrum reference
signal from said processed combined signal and said
input signal to control, at least partially, said further
processing of said processed combined signal.

12. A broadband linear amplifier circuit comprising:

amplifier means having an input and an output;

first difference means for deriving an error signal repre-
sentative of distortion introduced by said amplifier
means from slgnals representative of input signals

- applied to said input of said amplifier means, said first

dxﬂ'exenc.m&nsdmvmgadxﬂ'erencebetwwnaﬁm
signal representative of said input signal applied to said
amplifier means and a second signal representative of

said output signals from said output of said amphﬁcr
means;

secand differsnce means for subtracting a signal repre-
sentative of said error signal from output signals rep-
resentative of said output of said amplifier means to
provide a low distortion output signal;

adjustment means responsive to control signals for adjust-
ing a phase and an amplitude of signals applied to said-
first difference means simultaneously with 2 phase and

“an amplitude of signals applied to said second differ-
ence means:

means for generating a spread spectrum reference signal
and for combining said spread spectrum reference

signal with at least one of said input signals and said
signals representative of said input signals; and
control means for geperating said control signals from
both an amount of said spread spectrum reference
signal remaining in said low distortion output signal
and a signal representative of ome of said spread
spectrum reference signal and said error signal.
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an anplifier coupled between receive and transmt points; neans for
deriving a cancell ation signal representative of an output signal fromsaid
anplifier, mes for adjusting an anplitude and.a phase of said cancell ation
signal in response to control signals; difference nmeans for subtracting
said cancellation signal fromsignals received at said receive point; --
25 - nmeans for conbining signals at said receive point wwth a spread '
spectrum reference signal; and nmeans for deriving said control signals from
at | east one -

- 20 -
13. A broadband linear amplifier circuit according to
claim 12, wherein said amplifier means comprises: '
an amphﬁcr and

means for correcting distortion introduced by said ampli-
. fier by generating an error signal and subtracting said
error signal from an cutput signal from said amplifier.
14. A broadband linear amplifier circuit according to
claim 13, wherein said means for generating said spread
spectrum reference signal comprises:

means for providing a signal at a center ﬁ':qucncy of a
. band of frequencies w0 be amplified;
means for providing a series of pulses having a bandwidth -
equal to that of said band of frequencies, said pulses
having a significance according 0 a2 pseudo-random
repeatable sequence; and
means for combining said signal at said center frequency
' w:th said series of puises to provide said spread spec-
trum reference sxgnal.
15. A broadband tinear amplifier circuit comprising:
amplifier means havirg an input and an output;

- first differeace means for deriving an error signal repre-
seatative of distortion introduced by said amplifier
means from signals represemtative of imput signais
applied to said input of said amplifier means;

second difference means for subtracting a signal repre-
sentative of said error signal from output signals rep-
resentative of said output of said amplifier means to
provide a low distortion output signal;

adjustment means responsive to control signals for adjust-
ing a relative phase and an amplitude of signals applied ~
to at least one of said first difference means and said
second difference means; .

means for generating a spread spectrum reference signal
and for combining said spread spectrum reference
signal with at least one of said input signals and said
signals representative of said input signals, said means
for generating said spread spectrum reference signal
comprising:
means for providing a signal at a center frequency of 2

band of frequencies to be amplified,
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of said spread spectrum reference signal and said signals at said transmt
point 24. A radio repeater according to claim 23, conprising: neans for
deriving at |east one tinme delayed further cancellation signal
reprsentative of said output signal fromsaid anplifier delayed in tineg;
means for adjusting at |east one of an.anplitude and a phase of said
further cancellation signal in response to further -control signals; and
means for deriving said further .control signals from said spread spectrum
reference signal, delayed in tine, and said signals at said transnmt point:
‘wherein said difference neans, in 02 ration, subtracts both said
cancel | ati on si gnal s and sai d furthér cancel -
means for providing a series of pulses having a band-
width equal to that of said band of frequencies, said
pulses baving a significance according to 2 pseudo-
random repeatable sequence, and
means for combining said signal at said center fre-
quency with said series of pulses to provide said
spread spectrum reference signal; and
control means for generating said control signals from
both an amount of said spread spectrum reference
signal remaining in said low distortion output signal
and a signal representative of one of said spread
spectrum refereace signal and said eror signal.
16. A broadband linear amplifier circuit according to
claim 15 or 14, wherein said series of puises comprises
pulses baving a first amplitude representing a first signifi-
mandpulseshamgasecondzmphmdempmennnga
second significance.
17. A broadband linear amplifier circuit according to
claim 15 or 14, whmmsmdconuolmeansforgenmng
said control signals comprises:
a digital signal processor;
means for supplying an offset signai ar.afrequency which
differs from said center frequency of said band of
frequencies by an amount equal to a frequency at which
said digital signal processor is to operate;
first, second and third mixer means;
meaas for supplying a signal representative of said series
of pulses to said first mixer means together with said
offset signal in deriving an input signal to said second
mixer means, which receives said low distortion output
signal and provides a first input signal to said digital
signal processor;
means for supplying a signal at said center frcquency of
said band of frequencies to said third mixer means
together with said offset signal in deriving a second
input signal to said digital signal processor.
18. A broadband linear amplifier circuit according to
claim 15 or 14, wherein said control means for gem:ranng
said control signais comprises:
a digital signal processor;
first and second mixer means;

-
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| ation signals fromsignals received at said receive point to provide sald
signals at said transmt point 25. A method of processing a signl
conprising the steps O : conbining a spread spectrumreference signal Wit h
an input signal to generate a conbined signal; processing said conbined
signal to provide a processed conbi ned signal; extracting an internediate
si gnal dependent upon said processed conbined signal; firstly deriving a
first set of control signals; adjusting at |east one of an anplitude and a

phase of said internmedi ate signal

in _response to said first set of control

signals to provide an adjusted i nt‘eﬁgqlT ate

means for supplying first and second offset signals at

- respective frequencies which differ by an amount equal
to a frequency at which said digital signal processor is
to operate, to said first and second mixer means,
respectively;

means for supplying 2 signal representative of said series
of pulses to said first mixer means;

means for supplying said low distortion signals to said
second mixer means;

third mixer means for receiving said first and second
oﬁ'sc:sxgnalsandforprovxdmgaﬁrstmpuz:osmd
digital signal processor; and

fourth mixer means for receiving outputs of said first
mixer means and said second mixer means and for
providing a second input to said digital signal proces-
sor.

- 19. A broadband linear amplifier circuit comprising:

amplifier means having an input and an output;
first difference means for deriving an error signal repre-

sentative of distortion introduced by said amplifier-

means from signals representative of input signals
applied to said input of said amplifier means, said first
difference means deriving a difference between a first
signal representative of an input signal applied to said
amplifier means and a secoad signal representative of
an output signai from said output of said amplifier
means; .

second difference means for subtracting a signal repre-
sentative of said error signal from output signals rep-
resentative of said output of said amplifier means to
provide a low distortion output signal;

adjustment means responsive to control signals for adjust-

ing a relative phase and an amplitude of signals applied

to at least one of said first difference means and said
second difference means;

means for generating a spread spectrum reference signal
and for combining said spread spectrum reference
signal with at least one of said input signals and said

signals representative of said input signals, said means
for generating said spread spectrum reference signal

comprising:
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signal; conmbining said adjusted in iat signal with at |east one of said
conbi ned signal and said processed com bined signal to provide a resultant
signal ; secondly deriving a second set of control sgnals; adjusting at |eas
one of an -anplitude and a phase of said resultant signal in response to
sai d second set of control signals to provide an adjusted resultant signal;
wherein said first set of control signals and said second set of control
signal s enabl e said phase and said anplitude of said internediate signal to
be adj usted concurrently with said phase and said anplitude of said

resul tant signal. 23 - :

means forpmvidingasignalaxacentcrfmqucncyofa
band of frequencies to be amplified, :

means for providing 2 series of pulses having a band-
width equal to that of said band of frequencies, said .
pulses baving a significance according to a pseudo-
random repeatable sequence and

means for combining said signal at said center fre-
quency with said series of pulses to provide said
spread spectrum refereace signal; and

control means for generating said control signals from

both an amount of said spread spectrum reference -
signal remaining in said low distortion output signal
and a signal representative of one of said spread
spectrum reference signal and said error signal.

20. A broadband linear amplifier circuit according to
claim 16, wherein said control means for generating said
control signals comprises: :

a digital signal processor; -

" means for supplying an offset signal at a frequency which -
differs {rom 3aid center frequency of said band of
frequencies by an amount equal to a frequency at which
said digital signal processor is to operate;

first, second and third mixer means;
means for supplying a signal representative of said series
of pulses to said first mixer means together with said
offset signal in deriving an input signal to said second
mixer means, which receives said low distortion output
signal and provides a first input signal to said digital
~ signal processor;
means for supplying a signal at said ceater frequency of
sazdbandoffrequenc:cstosaxdthudmermcans
together with said offset signal in deriving a second

input signal to said digital signal processor.
" 21. A broadband linear amplifier circuit according to
claim 16, wherein said control means for generating said
control signals comprises:
a digital signal processor;
first and second mixer means;
means for supplying first and second offset signals at
respective frequencies which differ by an amount equal
to a frequency at which said digital signal processor is
to operate, to said first and second mixer means,
respectively;

A
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- 26 - 26. A nethod of processing a signal according to claim25, wherein
said step of firstly deriving includes deriving said first set of control
signals froma signal representative of said resultant signal; and said
step of secondly deriving includes deriving said second set of control
signals fromsaid resultant signal and a signal representative of said
spread spectrumreference signal 27. A broadband linear anplifier circuit
conprising: anplifier means having an i nput and an out put;

- 24 -

means for supplying a signal representative of said series
of pulses to said first mixer means;

means for supplying said low distortion signals to said
second mixer means; .

third mixer means for receiving said first and second
offset signals and for providing a first input to said
digital signal processor; and

fourth mixer means for receiving outputs of said first
mixer means and said second mixer means and for
providing a second input to said digital signal proces-

SOr.
22. A method of broad band linear amplification compris-
ing steps of:

~ amplifying input signals to form amplified output signals;

deriving an error signal representative of distortion intro-
duced by said step of amplifying input signais;

subtracting said error signal from said amplified output

- signals to provide low distortion signals;

simultaneously adjusting a relative phase and an ampli-
tude of at least one of signals used in deriving said error
signal, said input signals, and said amplified output
signals, in response to control signals;

generating a spread spectrum reference signal;

combining said spread spectrum reference signal with
said input signals; and

generating said control signals from both an amount of
said spread spectrum reference signal rcmaining in said
low distortion signals and a signal representative of at

least one of said spread spectrum reference signal and
said error signal.

23. A radio repeater comprising:

an amplifier coupled between receive and transmit points;

means for deriving a cancellation signal representative of
an output signal from said amplifier;

means for adjusting an amplitude and.a phase of said
cancellation signal in response to control signals;

difference means for subtracting said cancellation signal

from si i : ive point; : '
gnals received at said receive POIOL o\ s renlacernscs shee

MMM o= = o oo




first difference neans for deriving an error signal repre- sentative of
distortion introduced by said anplifier nmeans from signals representative
of input signals applied to said input of said anplifier neans; second

di fference neans for subtracting a signal repre- sentative of said error
signal fromoutput signals rep--resentative of said output of said
anplifier neans to provide a |ow distortion output signal; adjustment nmeans
responsive to control signals for adjust- ing a relative phase and an
anpl i tude of signals applied to at |east one of said first difference neans
and sai d second difference neans; eadhs for addi ng simul ated distortion to

at | east one of said input si gnal s and said signals representative of said
_ means for combining signals at said recetve point with a.

spread spectrum reference signal; and

means for deriving said controi signals from at least one
of said spread spectrum reference signal and said
signais at said transmit point.

24. A radio repeater according to claim 23, comprising: -

‘means for deriving at least one time delayed further
cancellation signal representative of said output signal
from said ampiifier delayed in time;

means for adjusting at least one of an amplxtude and a
phase of said further cancellation signal in response to
further controi signals; and

means for deriving said further control signals from said
spread spectrum reference signal, delayed in time, and
said signals at said ransmit point;

wherein said difference means, in operation, subtracts
both said canceilation signals and said further cancel-
lation signals from signals received ai said receive
point to provide said signals at said transmit point. -

2S. A method ofprocessing a signal comprising the steps

of:

combining 2 spread spectrum reference sgnalvnﬂ:an
input signal to generate a combined signal;

processing said combined signal to provide a processed
combined signal;

extracting an intermediate signai dependent upon said
processed cambined signal; _

firstly deriving a first set of control signals;

adjusting at least one of an amplimde and a phase of said
intermediate signal in response to said first set of
control signais to pnnndean uhumuiumznmuhus
signal;

combining said adjusted intermediate signal with at least
one of said combined signal and said processed com-
bined signal to provide a resultant signal; :

secondly deriving a second set of control signals;

adjusting at least one of an amplitude and a phase of said
resultant signal in response to said second set of control
signals to provide an adjusted resultant signal;

wherein said first set of control signals and said second set
of control signals enabie said phase and said amplitude
of said intermediate signal to be adjusted concurrently
with said phase and said amplinude of said resultant
signal. '
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I nput signals; and control neans for generating said control signals from
both an amount of said sinulated distortion remaining in said | ow

di stortion output signal and a signal repre- sentativeof one of said

sinmul ated distortion and said error signal. 28. A broadband I|inear
anplifier circuit according to claim 27, wherein said sinulated distortion
is added to said at |east one of said input signals and said signals
represen- tative of said input signals by altering at | east one of an
anplitude and a phase thereof. 29._A nmethod of processing a signal
conprising the steps of conbining %6§bread spectrumreference signal with

an - 26. Amcthodofproccssmgangnal according to claim 25,
wherein:
said step of firstly deriving includes deriving said first set
of control signals from a 51gm1 rcprescnrauve of said
resultant signal; and :

said step of secondly deriving includes deriving sa:d
second set of control signals from said resultant signal
and a signal representative of said sprcad spectrum-
reference signal.

- 27. A broadband linear amplifier circuit compnsmg

amplifier means having an input and an output;

first difference means for deriving an error signal repre-
sentative of distortion introduced by said amplifier
means from signals representative of input signals
applied to said input of said amplifier means;

second difference means for subtracting a signal repre-
sentative of said error signal from output signals rep-
resentative of said output of said amplifier means to
provide a low distortion output signal;

adjustment means responsive to control signals for adjust-
ing a relative phase and an amplitude of signals applied
to at least one of said first difference means and said -
second difference means;

means for adding simulated dxstomon to at least one of
said input signals and said signais representative of said
input signals; and

control means for generating said conuul signais from

both an amount of said simulated distortion remaining
in said low distortion output signal and a signal repre-
sentative of one of said simulated distortion and said
error signal.

28. A broadband linear amplifier circuit according to
claim 27, wherein said simulated distortion is added to said
at least one of said input signals and said signais represen-
tative of said input signals by altering at least one of an
amplitude and a phase thereof.

29. A method of processing a signal comprising the steps
of:

combining a spread spectrum reference signal with an . -

input signal to generate a combined signal:
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I nput signal to generate a conbi ned signal; - 27 - processing said
conbi ned signal. to provide a processed conblned signal; extracting an

i nt er medi ate signal dependent upon said processed conblned signal; firstly
deriving a first set of control signals; adjusting at |east one of an .
anplitude and a phase of said internmediate signal in response to said first
set of control signals to provide an adjusted internedi ate signal

- 27 -

processing said combined signal to pmvxdc a processed
combined signal;

extracting an intermediate sxgnal dependent upon said
processed combined: signal;

firstly deriving 2 first set of control signals;

adjusting at least one of an amplitude and a phase of said
intermediate signal in response t said first set of
control signals to provide an adjusted intermediate
signal;
combining said adjusted intermediate signal with at least
one of said combined signal and said processed com-
bined signal to provide a resuitant signal;’
secondly deriving a second set of control signals;
adjusting at least one of an amplitude and 2 phase of at
least one of said adjusted intermediate signal, said
combined signal, and said processed combined signal
in response to said second set of control signals to
provide an adjusted resultant signal; -
wherein said first set of control signals and said second set
of control signals enable said phase and said amplitude
of said intermediate signal to be adjusted concurrently
with said phase and said amplitude of said at least one
of said adjusted intermediate signal, said combined
signal, and said processed combined signal.
30. A broadband linear amplifier circuit comprising:
amplifier means having an input and an output, said
amplifier means comprising:
an amplifier, and
means {or correcting distortion introduced by said
amplifier by generating an error signal and subtract-
ing said error signal from an output s:gnal Emm said
amplifier;
first difference means for deriving an error signal repre- -
sentative of distortion introduced by said amplifier
means from signals representarive of input signals
applied to said input of said amplifier means, said first
difference means deriving a difference between a first
signai representative of said input signal applied to said
amplifier means and a second signal representative of

-said output signals from said output of said amphﬁer
means; _

I —
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conbi ning said adjusted internmediate signal with at | east one of said

conbi ned signal and said processed com bined signal to provide a resultant
signal; secondly deriving a second set of control signals; adjusting at

| east one of an anplite and a phase of at |east one of said adjusted
internediate signal. said conbined sighal, and said processed conbi ned
signal in response to said second set of control signals to provide an

adj usted .resul tant signal; wherein said first set of control signals and
said second set of control signals enable said phase and said anplitude of
~said internediate signal to be adjusted co y with said phase and said

anplitude of said at |let one of said_adjusted internediate signal, said
. conbi ned - 28 =

second differencs means for subtracting a signal repre-
sentative of said error signal from output signals rep-
resentative of said ourput of said amplifier means o
provide a low distortion output signa;
adjustment means responsive to control signals for adjust-
ing a relative phase and an amplitude of signals applied
to at least one of said first differencs means and said
second differencs means;
means for generating a spread spectrum reference signal
and for combining said spread spectrum reference
signal with at least one of said input signals and said
signals representative of said input signals, said means
for generating said spread spectrum refereace signal
comprising: ' _
means for providing a signal at a center frequency of a
band of frequencies to be amplified,
means for providing a series of pulses having a band-
width equal to that of said band of frequencies, said
pulses having a significance according to a pseudo-
random repeatable sequence, and
means for combining said signal at said cemter fre-
quency with said series of pulses to provide said
spread spectrum reference signal;
control means for generating said control signals from
both an amount of said spread spectrum reference
signal remaining in said low distortion output signal
and a signal representative of one of said spread
spectrum reference signal and said error signal.
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signal, and said processed conbi ned signal 30. A broadband |inear anplifier
drcuit co g anplifier nmeans having an input and an output, said anplifier
means conprising: an anplifier and neans for correcting distortion

i ntroduced by said anplifier by generating an error signal and subtract-
ing said error signal froman output signal fromsaid anplifier first
difference nean for deriving an error signal repre- sentative of distortion
i ntroduced by said anplifier means fromsignals representative of input
signals applied to said input of said lamplifier neans, said first

di fference nmeans deriving a difference between a first
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signal representative of said input signal applied to said anplifier neans
and a second signal representative of said output signals fromsaid output
of said anplifier - 28 - second difference means for subtracting a
signal repre- sentative of said error signal from output signals rep-
resentai ve of said output of said anplifier neans to provide a | ow
di stortion output signal; adjustment nmeans responsive to control signals
for adjust- ing a relative phase and an anplitude of S|gnals applied to at
| east one of said first difference neans and said
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“second di fference neans; neans for generating a spread spectrumreference
signal and for conbining said spread spectrumreference signal wth at

| east one of said input signals and said signals representative of said

i nput signals, said neans for .generating said spread spectrumreference
signal conprising: nmeans for providing a signal at a center frequency of a
band of frequencies to be anplified. means for providing a series of pulses
having a band- wi dth equal to that of said band of frequencies, said pul ses
havi ng a significance according to a pseudo- random repeatabl e sequence,
and neans for conbining said signal at said center fre-
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guency with said series of pulses to provide said spread spectrumreference
signal; control neans for generating said control signals fromboth an
anount of said spread spectrumreference signal remaining in said | ow

di stortion output signal and a signal representative of one of said spread
spectrumreference signal and said error signal -
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REPLAGEMENT SHEET

. -29 -
METHOD AND APPARATUS FOR SIGNAL PROCESSING
USING REFERENCE SIGNALS

ABSTRACT

The invention provides methods and apparétus for substituting
a reference spread spectrum signal for a pilot tone or providing a
reference spread spectrum signal where no pilot tone has been
used. The invention has particular relevance when a large number
of ihput channels are required for a broad band linear amplifier
and when an omni-directional antenna is required for a repeater
which may be prone to instability.

FIGURE 1.




