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RADIO TRANSMISSION METHOD USING
REPEATER STATIONS WITH SPECTRUM
REVERSAL

BACKGROUND OF THE INVENTION

The present invention relates to a method of transmitting
digital signals by radio over a predetermined frequency
band, a repeater station for implementing the method, and a
radiocommunications network using said method.

Radiocommunications networks are known that comprise
a series of telephone exchange stations connected to a series
of fixed base stations distributed over the territory to be
covered by the communications network, each fixed base
station including a radiotelephone interface member, a trans-
mitter, and a receiver for communicating with mobile sta-
tions over a radio link.

Establishing a base station involves a certain number of
constraints, in particular the presence of a mast carrying the
antennas that enable radio links to be established with
mobile stations, together with premises for housing the base.
Such establishment aiso requires telephone cables to be laid
for the purpose of connecting the base station to the tele-
phone exchange stations.

Furthermore, attempts are currently being made to reduce
the power and the range of mobile stations so as to limit the
volume and the cost thereof. The range of mobile stations is
also reduced by using higher frequencies for the radio links
between mobile stations and fixed base stations. It is there-
fore necessary to increase the number of base stations, which
solution becomes prohibitively expensive in zones of low
communications density (rural zones).

One solution to that problem consists in using one or more
repeater stations for one or more of the fixed base stations
(see EP-A-0 415 810).

In general, the repeater stations merely comprise ampli-
fiers connected between reception antennas and transmis-
sion antennas. Because the same radio-frequency is used for
transmission and for reception, repeater stations of the above
structure can be used only when the conditions of use of the
repeater station provide sufficient isolation between the
transmission antennas and the reception antennas. This
criterion is satisfied adequately in certain cases, in particular
when the zone covered by transmission from the repeater
station has special radio propagation characteristics, for
example in the presence of a tunnel or of some other
underground works, or when the transmission antennas are
devices providing localized radiation, e.g. lossy cables.

This solution is therefore unsuitable for satisfying the
need mentioned above.

It is also possible to use repeater stations that implement
frequency transposition. Thus, in certain applications,
repeater stations are known where transposition is per-
formed in a frequency band reserved for this type of trans-
mission, e.g. the 38 GHz band (see EP-A-0 415 810).

However, it is often not possible to use a frequency band
reserved for this purpose, in particular because of regula-
tions. In theory, it should be possible to use available
frequencies in the band reserved for communication with
mobile stations. Nevertheless, that solution suffers from the
major drawback of disturbing the operation of the mobile
stations which may interpret a radio link established in this
way between the fixed base station and the repeater stations
as a radio signal intended for mobile stations.
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2
SUMMARY OF THE INVENTION

An object of the present invention is to propose a method
of transmission between fixed base stations and repeater
stations that does not disturb the operation of mobile sta-
tions.

According to the invention, there is provided a method of
transmitting digital signals by radio over a predefined fre-
quency band between a base station and mobile stations,
wherein at least one repeater station is used to receive radio
signals transmitted by the base station and to retransmit
radio signals to the mobile stations in the same frequency
band, and wherein the spectrum of the radio signals trans-
mitted by the base station to the repeater station is reversed
relative to the spectrum of the radio signals retransmitted by
the repeater station to the mobile stations. Because of the
spectrum reversal, any signal transmitted by the base station
to a repeater station will be incapable of interpretation by the
mobile stations. It is thus possible to make use of multiple
relatively cheap repeater stations to cover a large geographi-
cal area.

The saving achieved is particularly appreciable when the
spectrum reversal at the repeater station is performed with-
out regenerating the digital signal, by using radio transpo-
sition means.

If it is desired to avoid modifying the hardware structure
of the base station, it is possible, prior to modulating the
digital signal to be transmitted by the base station, to
perform a logical transformation on said signal which, after
modulation about an offset frequency, is equivalent to
reversing the spectrum of the radio signal. Under such
circumstances, the method can then be implemented at the
base station merely by modifying the software of the radio
interface.

In its second aspect, the invention provides a repeater
station comprising first transmission and reception means
for communicating with a base station, second transmission
and reception means for communicating with the mobile
stations, a first line for processing the radio signals received
by the first transmission and reception means prior to
retransmission by the second transmission and reception
means, and a second line for processing the radio signals
received by the second transmission and reception means
prior to retransmission by the first transmission and recep-
tion means, said first line including at least one supradyne
transposition circuit for performing spectrum reversal of the
radio signal.

Finally, the invention provides a radiotelephone commu-
nications network comprising at least one telephone
exchange station, base stations connected to the telephone
exchange station for providing a digital radiotelephone
interface, and repeater stations for receiving radio signals
transmitted by at least one of the base stations and for
retransmitting radio signals in the same frequency band to
the mobile stations, wherein the base station and the repeater
station are organized so that the spectrum of the radio signal
emitted by the base station and received by the repeater
station is reversed relative to the spectrum of the radio
signals retransmitted by the repeater station to the mobile
stations.

DESCRIPTION OF THE DRAWINGS

The sole FIGURE of the accompanying drawing is an
overall diagram of a radiotelephone communications net-
work implementing the invention.
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DESCRIPTION OF A PREFERRED
EMBODIMENT

The network comprises a conventional type of telephone
exchange station 1 connected by wire telephone lines 2 to
fixed base stations 3, 13, and 23. The fixed base stations
provide a radiotelephone interface between the telephone
link with the central station 1 and the radio link established
with mobile stations 6. The base stations are fitted with
omnidirectional transmission and reception antennas 7a, 7b
enabling direct radio communication with the mobile sta-
tions 6.

To ensure extended territorial coverage, the network
includes repeater stations 14 and 24. Some of the fixed base
stations 13 and 23 are fitted, in addition to their omnidirec-
tional antennas 7a and 7b, with directional antennas 7 for
communicating with one or more repeater stations 14, 24
associated therewith. To simplify the drawing, only one
repeater station is shown per base station. However, in
general, there will be a plurality of repeater stations per base
station. A base station may include an omnidirectional
antenna for communicating with all of the repeater stations
associated therewith. Each repeater station 14, 24 has a
directional antenna 8 for interchanging radio signals with the
base station 13, 23 associated therewith, a transmission
antenna 9 for transmitting radio signals to mobile stations 6,
and a reception antenna 10 for receiving radio signals from
mobile stations 6.

Each repeater station 14, 24 includes a first line 11, 21
between its antennas 8, 9 to retransmit the radio signals it
receives from the base station 13, 23 towards the mobiles 6,
and a second line 12 between its antennas 10 and 8 to
retransmit the signals it receives from the mobile station 6 to
the base station 13, 23. Each of these lines includes an
amplifier 30 and is connected to the antenna 8 via a duplexer
31.

In the application of the invention to GSM (Global
System for Mobile Communications) type communications,
the radio signals going to the mobile stations are transmitted
in the frequency band 890 MHz to 915 MHz which is
subdivided into 124 carrier channels, and the radio signals
transmitted by the mobiles lies in the frequency band 935
MHz to 960 MHz. To avoid having to isolate the antenna 8
from the reception antenna 10, the second line 12 of each
repeater station includes an infradyne transposition circuit
comprising an oscillator 26 and a mixer 27 which offsets the
frequency of signals retransmitted to the base station 13, 23
relative to the frequency of signals received from the mobile
stations 6.

Merely using an analog infradyne transposition circuit for
the first lines 11 and 21 would suffice to decouple the
antennas 8 and 9, however that would not be satisfactory
since a mobile station 6 could then intercept a radio call set
up between a fixed base station 13, 23 and a repeater station
14, 24 that was not intended for that mobile. That is why,
according to the invention, the transposition performed in
the first line 11, 21 of each repeater station corresponds to
spectrum reversal.

Such spectrum reversal is performed without regenerating
the transmitted digital signal, by using radio transposition
means. In the example of station 14 shown in the FIGURE,
the first line 11 includes a single supradyne transposition
circuit comprising an oscillator 28 and a mixer 29 associated
with a lowpass filter. The frequency F of the oscillator 28 is
selected to transpose the frequency channel of calls going to
the repeater station into another frequency channel of the
same band that is allocated to calls from the repeater station
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4

to the mobile stations. This frequency F is the same for all
of the repeater stations associated with the same base station,
but it could be different for repeater stations associated with
different base stations.

In the example of the station 24 shown in the FIGURE,
the first line 21 comprises, in series: a supradyne transmis-
sion circuit comprising an oscillator 28a and a mixer 29a
associated with a lowpass filter, and an infradyne transpo-
sition circuit comprising an oscillator 285 and a mixer 29b
associated with a highpass filter. The respective frequencies
f, and £, of the oscillators 28a and 28b are such that their
sum is equal to the above-defined frequency F.

The base station 13, 23 associated with each repeater
station is organized to transmit a reversed spectrum radio
signal via its antenna 7. This can be achieved as shown
diagrammatically in the FIGURE for the base 23: between
the conventional radio modem (not shown) and the antenna
7, there is provided a transmit line 41 provided with trans-
position means 48a, 49a, 485, 49b identical to the means
28a, 29a, 28b, 29b of the first line 21 in the repeater station
24. These transposition means also perform spectrum rever-
sal. In addition, a receive line 42 is provided between the
antenna 7 and the modem. The receive line is provided with
transposition means 46, 47 that perform the inverse trans-
position to the transposition of the means 26, 27 of the
second line 12 of the repeater station 24.

Thus, since the modem operates in the same way as in a
conventional base station, the spectrum of the transmitted
radio signal is reversed relative to that which the mobile
stations 6 are capable of interpreting. Even if the reversed
spectrum radio signal is picked up by a mobile station, it will
be unintelligible, e.g. because it will not be carrying the
signature bits of a radio telephone communications network.
It is only after the spectrum has been reversed again by the
repeater station that the signal becomes interpretable by
mobile stations.

Another way of achieving spectrum reversal in the base
station 13 consists, prior to modulation, in performing a
logical transformation on the digital signal to be transmitted
such once the signal transformed in this way has been
modulated about an offset carrier frequency it is equivalent
to spectrum reversal of the radio signal. In the particular case
of GSM, after pre-encoding, the signal is modulated using
Gaussian minimum shift keying (GMSK). The logical trans-
formation can then consist in sequentially inverting every
other bit of the digital signal prior to pre-encoding, which is
easily done merely be means of an EXCLUSIVE-OR opera-
tion between the digital signal and a binary signal consti-
tuted by alternating “0” and ”1”. If, instead of transmitting
the signal about a carrier frequency f, it is transmitted about
a carrier frequency F-f, where F is the transposition fre-
quency of the repeater stations associated with the base
station under consideration, as defined above, then the
looked-for spectrum reversal is achieved.

I claim:

1. A method of transmitting digital signals by radio over
a predefined frequency band between a base station and
mobile stations, said method comprising the steps of:

transmitting radio signals from the base station to at least

one repeater station; and

at said at least one repeater station, receiving said radio

signals, reversing the spectrum thereof within the same

frequency band to produce radio signals with a reversed

spectrum, and retransmitting said radio signals with
said reversed spectrum to the mobile stations.

2. A method according to claim 1, wherein spectrum

reversal at the at least one repeater station is performed by
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radio transposition means without regenerating the digital
signal.

3. A method according to claim 1, wherein prior to
modulating digital signals for transmission by a base station,
said signals are subjected at said base station to a logical
transformation which, after modulation about an offset fre-
quency, is equivalent to spectrum reversal of the radio
signals.

4. A repeater station comprising: first transmission and
reception means for communicating with a base station of a
radiocommunications network, second transmission and
reception means for communicating with mobile stations, a
first line for processing the radio signals received by the first
transmission and reception means prior to retransmission by
the second transmission and reception means, and a second
line for processing the radio signals received by the second
transmission and reception means prior to retransmission by
the first transmission and reception means, said first line
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including at least one supradyne transposition circuit for
performing spectrum reversal of the radio signals.

5. Aradiotelephone communications network comprising:
at least one telephone exchange station, base stations con-
nected to the telephone exchange station for providing a
digital radiotelephone interface, and repeater stations for
receiving radio signals transmitted by at least one of the base
stations and for retransmitting radio signals in the same
frequency band to mobile stations, at least one repeater
station of said repeater stations including spectrum reversal
means for providing that the spectrum of the radio signal
emitted by said at least one base station and received by said
at least one repeater station is reversed relative to the
spectrum of the radio signals retransmitted by said at least
one repeater station to the mobile stations.
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