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BASE STATION

BACKGROUND OF THE INVENTION

The invention relates to a base station for a TDMA radio system,
the base station comprising at least two transceivers adapted to communicate
with terminals within the base station area, the base station being adapted to
transmit information concerning itself to the terminals, and the transcewvers
being adapted to communicate with the terminals within service areas that are
at least partly different so as to form an inner and an outer service area.

BACKGROUND OF THE INVENTION

In digital Time Division Multiple Access (TDMA) radio systems, a
plurality of mobile radio siations may utilize the same radio channe! on a time
division basis for communication with the base station. Communication on the
radio channel takes place in a number of successive repeated timeslots, e.g. 8
time slots, allocated to the users as required. A mobile radio station is syn-
chronized with a signal from the base station, and transmits to the base station
in such a way that the signal is received at the mobile station in a timeslot allo-
cated to this particular mobile station, Mobile stations, however, may be lo-
cated at cifferent distances from the base station, whereby the propagation
delay caused by this distance has to be taken into account in the synchroniza-
tion of the time of transmission of each mobile station with the base station in
such a way that the signal will be received at the base station in the right
timeslot, For this purpose the base station measures the time difference be-
tween its own transmission and the transmission received from the mobile sta-
tion, on the basis of which it defines a suitable timing advance for the mobile
station, The mobile station uses this timing advance to advance the time of its
transmission relative to a basic time instant defined by the sync received from
the base station. Various intrasystem features limit the highest possible timing
advance to a given maximum value, This maximum value of the timing ad-
vance, in turn, dictates the maximum cell size that the base station of the sys-
tem is able to serve. In the GSM mobile telephone system (Global System for
Mobile Communication), for example, the timing advance is expressed by us-
ing six bits and can be given values from 0 to 63, which means a cell size with
a maximum radius of 35 km. However, such a cell size of 35 km may be too
small in e.g. sparsely populated areas with a low traffic load.

To increase cell size, an "extended cell” has bee.; developed,
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whereby a cell is divided into several, e.g. two, parts; an inner and outer serv-
ice area. In this case the base station serving the cell comprises two trans-
ceivers, each of which serve terminals within its own service area. Problems
caused by the different propagation delays of the different service areas are
solved by delaying the reception frame structure of the transceiver serving the
outer service area. Some examples of such extended cells are described in
e.g. patent publications WO 9502306 and WO 9508896,

A problem in extended cells is transmission of base station broad-
cast channels. In a typical radio system the base station has to transmit infor-
mation concerning itself to the terminals, and the terminals use this information
to identify the base station and to be able, when needed, to transmit a call set-
up request to the base station, In the GSM system, for example, the base sta-
tions transmit the BCCH channel. Figure 1 illustrates a prior art manner of
transmitting the BCCH channel in an extended cell, Figure 1 shows transmis-
sion and reception frames 100 and 102 of a transceiver (TRX1) serving an
inner service area, and transmission and reception frames 104 and 106 of a
transceiver (TRX2) serving an outer service area. In transmitting traffic chan-
nels, the TRX1 uses a given frequency channel X which comprises specific
physical frequency bands for the different transmission directions. In transmit-
ting traffic channels, the TRX2 uses a given frequency channel Y which com-
prises specific physical frequency bands for the different transmission direc-
tions. In the example of the figure the frames comprise 8 timeslots, numbered
from O to 7. However, on the reception side the time slot numbering is different
in that a certain time slot number appears three timeslots later than the corre-
sponding timeslot number on the transmission side. The BCCH channel is
transmitted in the first timeslot of the frame 100 of the transceiver serving the
inner service area. The terminals transmit their call set-up bursts in a corre-
sponding timeslot of the Gther transmission direction. The first timeslot of the
reception frame 106 of the transceiver TRX2 serving the outer area is also re-
served for call set-up bursts originating from the outer area, and this timeslot
uses the frequency X. In both transmission directions the second timeslot of
the transceiver TRX1 serving the inner service area has to be left unused in
order not to interfere with a call set-up request from the outer area to the
TRX2. The first timeslot in the transmission direction frame 104 of the trans-
ceiver TRX2 sarving the outer service area is not in use because the BCCH is
transmitted via v..e TRX1 and because the reception of the same timeslot is
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reserved for call set-up of the outer area.

The drawback in the above arrangement is that the transmission of
the transceiver serving the inner service area has to be audible in the outer
service area, too. For this reason the antennas of both transceivers have to
have a narrow beam or be highly amplifying and located high up in the an-
tenna mast. The transmission power has also to be maximized to both trans-
mission antennas. This makes it costly to implement an extended cell.

BRIEF DESCRIPTION OF THE INVENTION

It is an object of the invention to eliminate the above problem. This
is achieved by a base station of the type described in the preamble and char-
acterized in that only the transceiver serving the outer service area is adapted
to transmit information concerning the base station,

The invention also relates to a data transmission method for a
TDMA radio system comprising a plurality of base stations communicating with
terminals within their area, at least two transceivers being used in the base
stations to form at least two service areas which are at least partly different so
as to form an inner and an outer service area, each transceiver serving one
service area, and the base station transmitting information concerning itself to
the terminals. The method of the invention is characterized in that only the
transceiver serving the outer service area transmits information concerning the
base station to the terminals.

The preferred embodiments of the invention are disclosed in the
dependent claims.

The method and system of the invention provide a plurality of ad-
vantages. In the solution of the invention the antennas/antenna lines of only
one transceiver have to be optimized in order for the audibility to cover the
outer service area. This allows an extended cell to be implemented signifi-
cantly more inexpensively than before.

BRIEF DESCRIPTION OF THE FIGURES

In the following the invention will be described by means of pre-
ferred embodiments with reference to the attached drawings, in which

Figure 1 shows a prior art solution described above,

Figure 2 illustrates an extended cell and its service areas,

Figure 3 shows the structure of the base station of the invention,
and
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Figures 4 and 5 illustrate frame structures of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is intended to be implemented in an extended
cell of any TDMA radio network employing a Timing Advance to shift the time
of transmission of a mobile radio station relative to a time instant set by a syn-
chronization signal transmitted by a base station in such a way that the timing
advance compensates for the transmission delay caused by the distance be-
tween the base station and the mobile station, and the transmission of the
mobile station is received at the base station in the correct TDMA timeslot. The
invention is particularly suitable for use in the GSM and DCS1800 mabile tele-
phone systems. In the following the invention will be described in association
with, but not restricted to, the GSM system in particular.

With reference to Figure 2 an extended cell is studied next. The fig-
ure shows a base station 200 whose coverage area comprises two parts, an
inner service area 202 and an outer service area 204, The inner service area
is a service area implemented by conventional means, i.e. its radius is within a
conventional timing advance. The outer service area is achieved by delaying
the frame structure of the transmission direction serving the service area.

Let us next study the structure of the base station of the invention
by means of the block diagram shown in Figure 3. Referring to the base sta-
tion, only parts and functions of the base station essential to the understand-
ing of the invention are described. In the example of Figure 3, the base station
comprises a first transceiver 300, first antenna units 302, a second transceiver
304, an amplifier 306, a mast preamplifier 312, second antenna units 308 and
a clock 310. With reference to Figure 2, the first transceiver 300 serves the
inner service area 202 and the second transceiver 304 the outer service area
204,

The clock 310 of the base station generates clock signals 312, 314
for the transceivers. Figure 4 illustrates the frame structures of the invention.
The figure shows transmission and reception frames 400 and 402 of a trans-
ceiver TRX1, 300 serving the inner service area, and transmission and recep-
tion frames 404 and 406 of a transceiver TRX2, 304 serving the outer service
area. In transmitting traffic channels, the TRX1 uses a given frequency band X
which comprises specific physical frenuency bands for the different transmis-
sion directions. In transmitting traffic channels, the TRX2 uses a given fre-
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quency band Y which comprises specific physical frequency bands for the dif-
ferent transmission directions. With reference to Figure 4, the TDMA frame
cycle of the first transceiver 300 begins at a time t;, when the first timeslot of
the frame also begins, The following timeslots of the frame begin at times de-
termined by the clock pulses 312, until a new frame again begins at a time t,.
In this specific case, one frame comprises 8 timeslots, but the number of time-
slots may be higher or lower, e.g. 4, depending on the system. In Figure 4 the
timeslots are numtered from 0 to 7. However, on the reception side timeslot
numberings differ in that a certain time slot number occurs three timeslots later
than the corresponding timeslot number on the transmission side.

Similarly, the TDMA frame cycle of the second transceiver 304 be-
gins at a time t,, when the first timeslot of the frame also begins. The following
timeslots of the frame begin at times determined by the clock pulses 314, until
a new frame again begins at a time t,. Since the second transceiver 304
serves the outer service area 204, the frame is delayed by a delay At in the
reception direction because of the longer propagation delay.

In the solution of the invention the base station transceiver serving
the outer service area is adapted to transmit information concerning the base
station. The BCCH channel is transmitted in the first timeslot of the frame 404
of the transceiver serving the outer service area. The frequency channel X is
used for this transmission. Similarly, in the time slot of the second transmission
direction, both the outer and inner transceivers are adapted to receive on the
frequency channel X the call set-up bursts transmitted by the terminals. The
second timeslot in the reception direction frame 402 of the transceiver TRX1
serving the inner service area is not in use in order not to interfere with a call
set-up request from the outer area to TRX2 in the frame 406. The first and
second timeslots of the transmission direction frame 400 of the transceiver
serving the inner service area are not used either.

Let us study another preferred embodiment of the invention. Figure
5 illustrates the frame structures of the embodiment, Thus, the clock 310 of the
base station generates the clock signals 312, 314 for the transceivers. The
figure shows transmission and reception frames 500 and 502 of the trans-
ceiver TRX1 serving the inner service area, and the transmission and recep-
tion frames 504 and 506 of the transceiver TRX2 serving the outer service
area. As before, in transmitting traffic channels, the TRX1 uses the given fre-
quency channel X which comprises specific physical frequency bands for the
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different transmission directions. In transmitting traffic channels, the TRX2
uses the given frequency channel Y which comprises specific physical fre-
quency bands for the different transmission directions, The timings of the
TDMA frame cycles of the first and second transceivers 300, 302 are identical
to those in the above example, i.e. the reception direction frame of the second
transceiver 304 is delayed.

In the solution of the invention the base station transceiver serving
the outer service area is adapted to transmit information concerning the base
station. The BCCH channel is transmitted in the first timeslot of the frame 504
of the transceiver serving the outer service area. This timeslot is transmitted
on the frequency channel Y. In a corresponding timeslot of the other transmis-
sion direction both the outer and inner transceivers are also adapted to receive
call set-up bursts transmitted by the terminals on frequency Y. The first
timesiot of the frame 500 of the transceiver serving the inner area is not in use.
Furthermore, the last timeslot in the transmission and reception direction
frames 504, 506 of the transceiver TRX2 serving the outer service area are
not in use in order not to interfere with call set-up requests in the first timeslot
from the transceiver TRX1 serving the inner service area.

The structures of the transceivers serving the outer and inner serv-
ice areas are implemented by prior art technology. However, the operation of
the devices is adapted in accordance with the invention as described above.

The solution of the invention makes is possible that only one trans-
ceiver has to cover the outer service area. For this reason the antenna means
302 coupled to the first transceiver 300 can be placed low, and no high-power,
directive antennas are needed. Only the antenna means 308 coupled to the
second transceiver 304 require both high amplification in the amplifier 306, a
mast preamplifier 312 in the reception direction, and, depending on the imple-
mentation, a high directivity and a location high up. This results in consider-
able savings when building a cell.

Although the invention has been described above with reference to
the example according to the attached drawings, it is evident that the invention
is not restricted thereto, but can be modified in a variety of ways within the
scope of the inventive idea disclosed in the attached claims.
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CLAIMS

1. A base station for a TDMA radio system, the base station com-
prising at least two transceivers (300, 304) adapted to communicate with ter-
minals within the base station area, the base station being adapted to transmit
information concerning itself to the terminals, and the transceivers being
adapted to communicate with the terminals within service areas that are at
least partly different so as to form an inner (202) and an outer (204) service
area, characterized inthat only the transceiver (304) serving the outer
service area is adapted to transmit information concerning the base station.,

2. A base station as claimed in claim 1, characterized in
that the timing of the reception of the transceiver (304) serving the outer serv-
ice area (204) is delayed in order to compensate for the effect of the propaga-
tion delay.

3. A base station as claimed in claim 1, characterized in
that the transceiver serving the outer service area is adapted to transmit in-
formation concerning the base station in a predetermined timeslot.

4, A base station as claimed in claim 3, characterized in
that the transceiver serving the outer service area is adapted to receive a call
set-up burst transmitted by a terminal in the same timesiot of the reverse
transmission direction as in which information concerning the base station is
transmitted.

5. A base station as claimed in claim 3, characterized in
that the transceiver serving the inner service area is adapted to receive a call
set-up burst transmitted by a terminal in the same timeslot of the reverse
transmission direction as in which the transceiver serving the outer service
area transmits information concerning the base station.

6. A base station as claimed in claim 3, characterized in
that the transceiver serving the inner service area is adapted to transmit to the
terminals in such a way that the timeslot corresponding to said predetermined
timeslot and the timeslot following it are not used for communication with a
terminal.

7. A base station as claimed in claim 3, characterized in
that the transceiver serving the outer service area is adapted to transmit to the
terminals in such a way that the last timeslot of a frame is not used for com-
munication with a terminal.
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8. A data transmission method for a TDMA radio system comprising
a plurality of base stations communicating with terminals within their area, at
least two transceivers (300, 304) being used in the base stations to form at
least two service areas (202, 204) which are at least partly different so as to
form an inner (202) and an outer (204) service area, each transceiver serving
one service area, and the base station transmitting information concerning
itself to the terminals, characterized in that only the transceiver (304)
serving the outer service area transmits information concerning the base sta-
tion to the terminals.

9. A method as claimed inclaim 8, characterized inthat the
timing of the reception of the transceiver serving the outer service area is de-
layed in order to compensate for the effect of the propagation delay.

10. A method as claimed in claim 8, characterized in that
the transceiver serving the outer service area transmits information concerning
the base station in a predetermined timeslot.

11. A method as claimed in claim 10, characterized in that
the transceiver serving the outer service area receives a call set-up burst
transmitted by a terminal in the same timeslot of the reverse transmission di-
rection as in which information concerning the base station is transmitted.

12. A method as claimed in claim 10, characterized in that
the transceiver serving the inner service area receives a call set-up burst
transmitted by a terminal in the same timeslot of the reverse transmission di-
rection as in which the transceiver serving the outer service area transmits
information concerning the base station.

13. A method as claimed in claim 10, characterized in that
the transceiver serving the outer service area transmits to the terminals in

such a way that the last timeslot of a frame is not used for communication with
a terminal.
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