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(57) Abstract: A method and device for determining the stability margin of a RF repeater. The method is carried out in two steps,
viz. establishing the amplification of the repeater as a function of the frequency in a frequency band, and observing the magnitude
of wave-like variations in the established frequency response, this magnitude constituting a measure of the stability margin such that
an increasing magnitude corresponds to a decreasing stability margin.
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Method and apparatus for stability margin determination in a

repeater
FIELD OF THE INVENTION

The present invention relates to a method and apparatus for
determining the stability margin, with respect to a possible
self-oscillation, in a radio frequency repeater operating with
a predetermined delay between an input and an output and
having a feedback path between said output and said input. The
invention also relates to a repeater system provided with such

an apparatus.

Primarily, the invention concerns repeaters for use in
cellular telecommunication systems, including two antennas and
two sets amplifier chains for amplifying a signal from a base
station (down-link) and a signal from a cellular mobile
telephone (up-link), respectively. In such a system, the
repeater recieves, amplifies and retransmits signals between
the base station and the mobile telephone in both directions.
However, the invention can be applied also to repeaters with

only one signal path.

More particularly, the invention deals with the problem of
ensuring that the repeater does not reach a state of
instability because of self-oscillation, which may happen when
the gain becomes too high. Because of the inevitable feed back
between the output and the input, the too strongly amplified
output signal will be transferred back to the input and will
be amplified over again so as to cause a self-oscillation in

the system.
BACKGROUND OF THE INVENTION - PRIOR ART
The problem of preventing self-oscillation and securing a

sufficient margin to such an instability in repeaters is well-
known to those skilled in the art. Normally, in order to solve
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this problem, the input or output signal level (or power

level) is monitored during operation of the repeater.

One way, see US-A-5,095,528 (Leslie), is to continuously
measure the average output power of the repeater and to
determine whether this power level exceeds a predetermined
threshold value, in which case the amplifier gain of the
repeater is drastically reduced so as to restore a stable

state of operation.

Another way, which is especially useful in GSM systems
operating with time slots, see WO 97/33381 (Allgon), 1is to
measure the time proportion during which the power level of an
input signal exceeds a certain threshold value, whereupon the
amplifier gain is reduced in case this time proportion is
relatively large, such as 90% or even larger. This method may
be combined with a test whether the difference between the
maximum and minimum values of the input signal level is less

than a given value.

However, in both these known methods, like in all other
methods being used in repeaters today, it is necessary to
adjust the gain rather drastically in response to a detected
rise of the signal level. Basically, this is because the
criteria being used are met only when a state of instability
is reached. Thus, in the known systems, it is not possible to
obtain a quantified value of the stability margin as such.
Therefore, it is difficult to provide a smooth control of the

amplifier gain of the repeater.

SUMMARY OF THE INVENTION

Against this background, a main object of the present
invention is to provide a method and an apparatus for
determining the stability margin, with respect to a possible

self-oscillation, in a repeater of the kind discussed above.
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Another object is to provide a method which would enable a
smooth control of the repeater without drastic changes of the
amplifier gain. Accordingly, it should be possible to

establish a quantified value of the stability margin as such.

These and other objects are achieved, according to the present
invention, by taking two basic steps, viz.
- establishing the amplification of the repeater as a
function of the frequency in a frequency band
(which should be relatively wide), and
- observing the magnitude of wave-like variations in
the established amplication as a function of the
frequency, this magnitude constituting a measure of
the stability margin such that an increasing
magnitude corresponds to a decreasing stability

margin.

In this way, it is possible to obtain a measure of the
stability margin even when the system operates normally and is
still stable. Consequently, any control measures can be taken
already long before the system approaches a state of
instability, and the control can therefore be performed
smoothly, i.e. with relatively small adjustments of the

amplifier gain of the system.

When using an appropriate control algorithm, the system can be

retained in a stable state without self-oscillation.

The method can be carried out by means of a measurement
receiver connected to the input and/or the output of the
repeater by means of a directional coupler, preferably via a

switch alternating between the input and the output.

Advantageously, in order to establish the amplification or
frequency response in the particular frequency band, provided
that the spectral properties of the input signal are known, it

is sufficient to measure the output signal as a function of
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the frequency. Then, the frequency response and the stability

margin can be calculated.

The invention will be explained further below with reference
to the appended drawings illustrating a repeater and a
measurement receiver for determining the stability margin in

accordance with the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates schematically a repeater for use in a
cellular telephone system, and associated apparatus for

measuring the stability margin of the system;

Figs. 2 and 3 are schematic representations of the repeater
and the associated antennas as a simple feed back amplifier

system;

Fig. 4 is a diagram representing the output power as a

function of the frequency in a frequency band; and

Fig. 5 1s a diagram representing the magnitude of the peak-
to-peak variations (of the power or amplification shown in

fig. 4) as a function of the stability margin of the repeater.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The repeater illustrated in fig. 1 is of the kind generally
used in cellular telephone systems, e.g as described in the
above-mentioned document W097/33381, including a first antenna
1 for radio communication between the repeater and a cellular
mobile telephone (not shown) and a second antenna 2 for a

corresponding radio communication between the repeater and a

base station (not shown).

The first and second antennas 1,2 are connected via duplex

filters 3,4 to two oppositely directed links, namely an uplink
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10 for transferring signals originating from mobile telephones
towards the associated base station, serving the cell in which
the repeater and the mobile telephone are located, and a
downlink 20 for transferring signals in the opposite
direction. Each link includes a number of mutually parallel
amplifier chains, each such chain handling a specific
frequency or frequency band. In fig. 1, the amplifiers in
these chains are represented by an amplifier 11 in the uplink

10 and an amplifier 21 in the downlink 20.

In the transmission lines 5,6 connecting the respective
antenna 1,2 and the respective duplex filter 3,4, directional
couplers 30 and 40 are disposed so as to enable the sensing of
signals in the respective transmission line segment 5,6. The
sensed signals are fed via switches 31,41 and band pass
filters 32,42 to a common switch 50 connected to a measurement
receiver 60. In the measurement receiver 60, the particular
signal is analysed, so that the signal level as a function of

the frequency in the particular frequency band is obtained.

It will be appreciated that the directional couplers and
switches are connected in such a way that any input or output
signal in the respective transmission line 5,6 (the input or

output of the system) can be analysed.

The inventive concept is based on a simplified model of the
repeater as represented in figs. 2 and 3. An input RF signal T
(from a mobile telephone, not shown) is propagated on a
microwave carrier wave in the air and hits the first antenna 1
in fig. 2, whereupon the signal is transferred through the
uplink, represented by the amplifier 11, to the second antenna
2. Inevitably, a (normally very small) portion B of the signal
is fed back through the air, represented by a leakage path 12.
In fig. 3, the repeater R and the two antennas 1,2 are
represented as a schematic, standardized control system with a
summation element S, a main amplifier 11, a delay element 13

and a feed back loop 12 corresponding to the leakage path
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between the two antennas. The delay element corresponds to the
inevitable delay occuring in filters and other components
normally included in the amplifier chains of a repeater of the

kind indicated above.

Because of the delay element 13, the effective amplification
of the system of fig. 3 will depend on the frequency. As can
be shown by a Laplace-transform representation of the system,
using the frequency domain rather than the time domain, the
ratio between the output and input signals (or the transfer
function as it is normally denoted in control theory) in the
system of fig. 3 can be represented as

—-ds

gl e

1-glg2e™®®

where gl is the gain of the amplifier 11, g2 is the gain in
the (schematic) amplifier 14 in the feedback loop 12 and d is
the delay in the delay element 13. From this formula, it is
clear that the amplification is a harmonic function of the

frequency.

A frequency response diagram of the output power of signal in
a receiver is shown in fig. 4. The curve shows a pattern of
harmonic variations of the power P as a function of the
frequency f. It has been verified, by practical measurements,
that the magnitude of such variations is a measure, though in
an inverse relation, of the stability margin. Thus, when the
magnitude of the variations, e.g. the peak-to-peak value,

decreases, the stability margin will increase and vice versa.

Fig. 5 illustrates the relation between the isolation or
stability margine SM (horisontal axis or abscissa in dB) and
the peak-to-peak value or magnitude MA of the amplification

variations (vertical axis or ordinata in dB).
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Accordingly, by using the apparatus shown in fig. 1, it is
possible to establish a functional relationship between the
input and output signals and to calculate the stability
margin, with respect to a possible self-oscillation, by way of

the functional relation illustrated in fig. 5.

When the spectral properties of the input signal are known
beforehand, it is sufficient to measure the output power level

P as a function of the frequency f, as illustrated in fig. 4.

Of course, the calculated value of the stability margin can
form the basis of a control signal controlling the gain of the
repeater, so as to keep the stability margin substantially
constant at a desired level. For this purpose, the measurement
receiver 60 may be connected to a control unit 70 adapted to
implement such a control. If desired, the measurement and
control can be initiated remotely, e.g. from an operation and
monitoring centre (not shown) via a telephone modem 80 or some

other telecommunication link.
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CLAIMS

1. A method of determining the stability margin, with

respect to a possible self-oscillation, in a radio frequency

repeater operating with a predetermined delay between an input

(5) and an output (6) and having a feedback path between said

output and said input, comprising the steps of

- establishing the amplification of the repeater as a function
of the frequency in a frequency band, and

- observing the magnitude (MA) of wave-like variations in said
amplification as a function of the frequency, said magnitude
constituting a measure of the stability margine such that an
increasing magnitude corresponds to a decreasing stability

margine.

2. The method defined in claim 1, wherein the spectral

properties of an input signal are known and wherein:

- the step of establishing the amplification as a function of
the frequency is carried out by measuring an output signal
(P) as a function of the frequency (f) in said frequency
band, and

- said magnitude (MA) of said wave-like variations and said
stability margin (SM) are calculated on the basis of the

result of the first step.

3. A method of controlling a radio frequency repeater,

operating with a predetermined delay between an input and an

output and having a feedback path between said output and said

input, including the steps of:

- determining the stability margin in the repeater in
accordance with claim 1 or 2, and

- controlling the gain of the repeater in response to the

determined stability margin.

4, An apparatus for determining the stability margin,

with respect to a possible self-oscillation, in a radio
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frequency repeater operating with a predetermined delay

between an input (5) and an output (6) and having a feedback

path between said output and said input, comprising

- at least one sensing element (30, 40) connected to at least
one of said input and said output of the repeater , and

- at least one measurement receiver (60) connected to said at
least one sensing element for measuring at least an output
signal from said repeater, on the basis of which the

stability margin (SM) is calculated.

5. The apparatus as defined in claim 4, wherein said at
least one sensing element comprises at least one directional

coupler.

6. The apparatus as defined in claim 5, wherein two
directional couplers are connected to a single
measurement receiver via a switch (50) for alternating
measurement of the signals at the output and the input,

respectively.

7. The apparatus as defined in claim 4, wherein:
said measurement receiver (60) is connected to a control unit

(70) for controlling the gain of said repeater.

8. The apparatus as defined in claim 4, wherein:

said measurement receiver is connectable, via a modem (80), to
a central operational monitoring unit, whereby the
measurements and calculations for determining said stability

margin can be made by remote control.

9. The apparatus as defined in claim 4, wherein:
a band pass filter (32, 42) is inserted between said sensing

element and said measurement receiver.
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10. A repeater system, including a radio frequency
repeater of the kind having two antennas (1,2) and two links
therebetween, said two links comprising an uplink (10) for
amplifying signals from a mobile telephone to a base station
and a downlink (20) for amplifying signals from said base
station to said mobile telephone, said repeater system being
provided with an apparatus as defined in any one of the claims
4-9.



WO 00/77941 PCT/SE00/00999

1/2
%7\'7. /
174 .
[ 3 /0 7 2
. N[ | .
, - L L \
== ., |DPX [ A ] DPX -
Lo NI Lo
>\ 2 26 w>\_
31 3 ‘il1 }
gP | | 8P
Eo l
—
6o l w
Ko 2
7 " .
T, -
< \F/ /! \FZ
.
> |
12 14
Frio 3
j i -
~(+H)— >—bELay | -
R( REPEATER

SUBSTITUTE SHEET (RULE 26)



WO 00/77941 PCT/SE00/00999
2/2

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Iuternational application No.

PCT/SE 00/00999

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: H04B 1/60 // H 04 B 17/00

According to International Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC7: H04B

Documentation scarched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consuited during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
egory pprop p g

A EP 0905914 A2 (KO, SUNG SUN ET AL.), 31 March 1999 1-10
(31.03.99), page 3, line 21 - page 4, line 7,
abstract

A US 4776032 A (H. ODATE ET AL), 4 October 1988 1-10
(04.10.88), column 2, Tine 30 - line 57,
abstract

A US 5115514 A (S.A. LESLIE), 19 May 1992 1-10
(19.05.92), column 5, Tine 20 - column 8, line 18,
abstract

——— s o

D Further documents are listed in the continuation of Box C. m See patent family annex.

* Special categories of cited documents: “T* later document published after the international filing date or priority

" an . D . date and not in conflict with the application but cited to understand
A” document defining the general state of the art which is not considered g '€ applic .
to be of particular relevance the principle or theory underlying the invention

“E” erlier document but published on or after the international filing date “X* document of particular relevance: the claimed invention cannot be

“L” document which may throw doubts on priority claim(s) or which is ;znm‘sgr;ldﬂ’::‘ﬂ crl);-:;?tnigttg; co:l.ﬁdered to involve an inventive
cited to establish the publication date of another citation or other siep 5 laxen alone

special reason (as specified) "Y” document of particular relevance: the claimed invention cannot be
“0” document referring to an oral disclosure, use, exhibition or other considered to involve an inventive step when the document is

means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art

the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

4 Qctober 2000 19 -10- 2000

Name and mailing address of the ISA/ Authorized officer

Swedish Patent Office

Box 5055, S-102 42 STOCKHOLM Asa Hil 1gren/AE

Facsimile No. +46 8 666 02 86 Telephone No.  +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members
PCT/SE 00/00999
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0905914 A2  31/03/99 NONE
us 4776032 A 04/10/88 DE 3650241 D,T 14/06/95
EP 0227393 A,B 01/07/87
SE 0227393 T3
JP 1970094 C 18/09/95
JP 6105881 B 21/12/94
JP 62266930 A 19/11/87
JP 1955614 C 28/07/95
JP 6052881 B 06/07/94
JP 63079429 A 09/04/88
JP 1959329 C 10/08/95
JP 6095654 B 24/11/94
JP 62141826 A 25/06/87
us 5115514 A 19/05/92 AT 96954 T 15/11/93
DE 3885369 D,T 24/03/94
EP 0302455 A,B 08/02/89
SE 0302455 T3
ES 2047510 T 01/03/94
FI 88658 B,C 26/02/93
FI 883617 A 04/02/89
HK 1004310 A 00/00/00
JP 1051730 A 28/02/89
JP 2919839 B 19/07/99
us 4941200 A 10/07/90
us 5023930 A 11/06/91
us 5065449 A 12/11/91
us 5093923 A 03/03/92
us 5152002 A 29/09/92
us 5168574 A 01/12/92

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

