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(54) Base station selection in a cellular mobile communication network

(57) A cellular mobile communications network in
which a mobile station (40) is capable of receiving down-
link signals (DS1-DS3) from a plurality of base trans-
ceiver stations, the mobile station produces signal
measures (e.g. received signal strength measures) for
each of the downlink signals from the plurality of base
transceiver stations, which serve to indicate the per-
formance of a wireless channel between the mobile sta-

tion and each of the plurality of base transceiver sta-
tions. The mobile station employs the produced signal
measures to select which of the plurality of base trans-
ceiver stations should be used to transmit a subsequent
downlink signal to the mobile station. The mobile station
transmits to the plurality of base transceiver stations an
uplink signal (BSM) including information identifying the
selected base transceiver station.
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Description

[0001] The presentinvention relates to cellular mobile
communication networks, for example Code Division
Multiple Access (CDMA) cellular networks.

[0002] Figure 1 of the accompanying drawings shows
parts of a cellular mobile telecommunication network ac-
cording to the Telecommunication Industries Associa-
tion (T1A)/Electronic Industries Association (EIA) Stand-
ard TIA/EIA/IS-95 of October 1994 (hereinafter "IS95").
Each of three base transceiver stations (BTSs) 4 (BTS1,
BTS2 and BTS3) is connected via a fixed network 5 to
a base station controller (BSC) 6, which is in turn con-
nected to a mobile switching centre (MSC) 7. The BSC
6 serves to manage the radio resources of its connected
BTSs 4, for example by performing hand-off and allo-
cating radio channels. The MSC 7 serves to provide
switching functions and coordinates location registra-
tion and call delivery.

[0003] Each BTS 4 serves a cell 8. When a mobile
station (MS) 10 is in a so-called "soft hand-off" (SHO)
region 9 where two or more cells overlap, a mobile sta-
tion can receive transmission signals (downlink signals)
of comparable strength and quality from the respective
BTSs of the overlapping cells. Transmission signals (up-
link signals) produced by the mobile station (MS) can
also be received at comparable strengths and qualities
by these different BTSs when the mobile station is in the
SHO region 9.

[0004] Figure 2 of the accompanying drawings shows
a situation where the MS 10 is located within the SHO
region 9, and is transmitting such uplink signals that are
being received by plural BTSs 4. According to the IS95
standard, a BTS 4 that receives such an uplink signal
from the MS 10 relays the signal to the BSC 6 via a ded-
icated connection line of the fixed network 5. At the BSC
6, one of the relayed signals is selected based on a com-
parison of the quality of each of the received signals,
and the selected signal is relayed to the MSC 7. This
selection is referred to as Selection Diversity.

[0005] Similarly, Figure 3 of the accompanying draw-
ings shows a situation where the MS 10 is located within
the SHO region 9 and is receiving downlink signals from
plural BTSs 4. According to the 1S95 standard, downlink
signals received by the BSC 6 from the MSC 7 are re-
layed to all BTSs 4 involved in the soft hand-off via re-
spective connection lines of the fixed network 5, and
subsequently transmitted by all the BTSs 4 to the MS
10. At the MS 10 the multiple signals may be combined,
for example, by using maximum ratio combination
(MRC), or one of them may be selected based on the
signal strength or quality, i.e. using Selection Diversity
as for the uplink case.

[0006] In contrast to, for example, Global System for
Mobile Communication (GSM) networks, in CDMA net-
works each BTS 4 transmits at the same frequency.
Consequently, careful control of transmission power
must be maintained to minimise interference problems.
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[0007] Signals are transmitted as a succession of
frames according to the 1S95 standard. As Figure 4 of
the accompanying drawings shows, each frame is of du-
ration 20 ms, and comprises sixteen 1.25 ms time slots.
In each time slot several bits of user data and/or control
information can be transmitted.

[0008] Power control of transmissions from the MS 10
to the BTSs 4 (uplink power control) in IS95 is achieved
as follows. When a BTS 4 receives a signal from the MS
10 it determines whether a predetermined property of
the received signal (for example absolute signal level,
signal to noise ratio (SNR), signal-to-interference ratio
(SIR), bit error rate (BER) or frame error rate (FER)) ex-
ceeds a preselected threshold level. Based on this de-
termination, the BTS 4 instructs the MS 10 either to re-
duce or to increase its transmission power in the next
time slot.

[0009] For this purpose, two bits in every time slot of
a pilot channel (PCH) from the BTS 4 to the MS 10 are
allocated for uplink power control (see Figure 4). Both
bits have the same value, and accordingly will be re-
ferred to hereinafter as the "power control bit" (or PCB)
in the singular. The power control bit is assigned a value
of zero by the BTS 4 if the MS 10 is required to increase
transmission power by 1 dB, and a value of one if the
MS 10 is required to decrease transmission power by 1
dB. The BTS 4 is not able to request directly that the MS
10 maintain the same transmission power; only by al-
ternately transmitting ones and zeros in the power con-
trol bitis the transmission power maintained at the same
level.

[0010] When the MS 10 is in a SHO region 9, the MS
10is required to make a decision on whether to increase
or to decrease uplink transmission power based on a
plurality of power control bits received respectively from
the BTSs 4 involved in the soft hand-off. Consequently,
an OR functionis performed on all the power control bits.
If the result of this OR function is zero then the MS 10
will increase power on uplink transmissions, and if the
result is one then the MS 10 will decrease power on up-
link transmissions. In this way, uplink transmission pow-
er is only increased if all BTSs 4 ask for an increase.
[0011] Power control of transmissions from the BTS
4 to the MS 10 (downlink power control) in IS95 is
achieved as follows. When the MS 10 receives a down-
link signal from a BTS 4 (or from each of a plurality of
BTSs 4 in soft hand-off operation) via a traffic channel
(TCH), the FER of that signal is calculated by the MS
10 which reflects the degree to which the traffic-channel
signal has been corrupted by, for example, noise. This
FER is then relayed by the MS 10 to the BTS 4 which
transmitted the downlink signal concerned, and the BTS
4 uses this FER to decide whether to make any change
to its downlink transmission power.

[0012] The soft hand-off system described above is
effective in improving signal transmission between the
MS 10 and the network when the MS 10 is located in
regions of cell overlap near the boundaries of the indi-
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vidual cells. Signal quality in these regions when using
a single BTS 4 may be relatively poor, but by making
use of more than one BTS 4 the quality may be substan-
tially improved.

[0013] However, the 1S95 soft hand-off system has
the disadvantage of increasing signal traffic ("back-
haul") in the fixed network 5 since it is necessary to
transmit signals carrying the same data and/or control
information between the BSC 6 and every BTS 4 in-
volved in the soft hand-off for both the uplink and down-
link cases described above. This duplication of informa-
tion is undesirable for two main reasons. Firstly, it leads
to more traffic congestion in the fixed network. Secondly,
higher costs are experienced by the mobile service pro-
vider (and consequently the mobile service user), who
may not own the fixed network infrastructure.

[0014] Thereforeitis desirable to provide animproved
soft hand-off method capable of affording the usual ben-
efits of soft hand-off whilst at the same time reducing
the load on the fixed network.

[0015] Accordingto afirstaspect of the presentinven-
tion there is provided a cellular mobile communications
network including: a mobile station; a plurality of base
transceiver stations, each for receiving uplink signals
from the mobile station; and base station controller
means connected to the said base transceiver stations
for receiving therefrom such uplink signals; wherein the
said mobile station is operable, during a soft hand-off
operation involving more than one of the said base
transceiver stations of the network, to include, in one or
more such uplink signals transmitted thereby, respec-
tive signal measures for all of the base transceiver sta-
tions involved in the operation, each signal measure
serving to indicate the performance of a communica-
tions channel between the mobile station and the base
transceiver station concerned; and at least one of the
said base transceiver stations includes soft hand-off
control means operable, when that station is involved in
such a soft hand-off operation, to determine, based on
an assessment of the signal measure(s) for one or more
of the other base transceiver stations involved in the soft
hand-off operation, not to forward to the said base sta-
tion controller means such an uplink signal received
from the mobile station.

[0016] According to a second aspect of the present
invention there is provided a mobile station, for use in a
cellular mobile communications network, including:
transmitter means for transmitting uplink signals to a
base transceiver station of the network; and signal in-
formation processing means connected to the said
transmitter means and operable, during a soft hand-off
operation involving a plurality of such base transceiver
stations of the network, to cause the said transmitter
means to include, in one or more of the said uplink sig-
nals, respective signal measures for all the base trans-
ceiver stations involved in the operation, each such sig-
nal measure serving to indicate the performance of a
communications channel between the mobile station
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and the base transceiver station concerned.

[0017] According to a third aspect of the present in-
vention there is provided a base transceiver station, for
use in a cellular mobile communications network, in-
cluding: receiver means for receiving uplink signals from
a mobile station of the network, one or more of which
uplink signals includes, when the mobile station is en-
gaged in a soft hand-off operation involving the claimed
base transceiver station and at least one further base
transceiver station of the network, respective signal
measures for all the base transceiver stations involved
inthe operation, each signal measure serving to indicate
the performance of a communications channel between
the mobile station and the base transceiver station con-
cerned; and soft hand-off control means operable, when
the claimed base transceiver station is involved in such
a soft hand-off operation, to determine, based on an as-
sessment of the signal measure(s) for one or more of
the other base transceiver stations involved in the oper-
ation, not to forward to base station controller means of
the network such an uplink signal received from the mo-
bile station.

[0018] According to a fourth aspect of the present in-
vention there is provided a soft hand-off control method
for use in a cellular mobile communications network,
wherein: when a soft hand-off operation involving more
than one base transceiver station of the network is being
performed, a mobile station of the network includes, in
one or more uplink signals transmitted thereby, respec-
tive signal measures for all the base transceiver stations
involved in the operation, each signal measure serving
to indicate the performance of a communications chan-
nel between the mobile station and the base transceiver
station concerned; and in at least one of the involved
base transceiver stations, the signal measure(s) of one
or more of the other base transceiver stations involved
in the operation is/are assessed and a determination is
made, based on the assessment, whether or not to for-
ward to a base station controller of the network an uplink
signal received from the mobile station.

[0019] According to a fifth aspect of the presentinven-
tion there is provided a cellular mobile communications
network including: a mobile station; a plurality of base
transceiver stations, each for transmitting downlink sig-
nals to the said mobile station and for receiving uplink
signals from the said mobile station; and base station
controller means connected to the said base transceiver
stations for applying thereto such downlink signals;
wherein the said mobile station is operable, during a soft
hand-off operation involving more than one of the said
base transceiver stations of the network, to produce re-
spective signal measures for all the base transceiver
stations involved in the operation, each signal measure
serving to indicate the performance of a communica-
tions channel between the mobile station and the base
transceiver station concerned; and the network includ-
ing base transceiver station selection means operable
to employ the produced signal measures to determine
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which of the base transceiver stations involved in the
operation should be used to transmit a subsequent one
of the said downlink signals to the mobile station, and
to cause that subsequent downlink signal to be trans-
mitted by the base station controller means only to the
said determined base transceiver station(s) .

[0020] According to a sixth aspect of the present in-
vention there is provided a mobile station, for use in a
cellular mobile communications network, including:
transmitter means for transmitting uplink signals to a
base transceiver station of the network; and signal in-
formation processing means connected to the said
transmitter means and operable, during a soft hand-off
operation involving a plurality of such base transceiver
stations of the network, to produce respective signal
measures for all the base transceiver stations involved
in the operation, each such signal measure serving to
indicate the performance of a communications channel
between the mobile station and the base transceiver
station concerned, and also operable to employ the pro-
duced signal measures to determine which of the in-
volved base transceiver stations should be used to
transmit a subsequent downlink signal to the mobile sta-
tion, and to cause the said transmitter means to include,
in such an uplink signal transmitted thereby, a base
transceiver station selection message identifying the
determined base transceiver station(s).

[0021] According to a seventh aspect of the present
invention there is provided a base station controller, for
use in a cellular mobile communications network to ap-
ply downlink signals to a plurality of base transceiver
stations of the network, including: receiver means for re-
ceiving uplink signals from one or more of the base
transceiver stations, at least one of which uplink signals
includes, when a mobile station is engaged in a soft
hand-off operation involving more than one of the base
transceiver stations of the network, a base transceiver
station selection message identifying which of the in-
volved base transceiver stations should be used to
transmit a subsequent one of the said downlink signals
to the mobile station; and soft hand-off control means
operable to receive the said uplink signal including the
base transceiver station selection message and to
transmit the said subsequent downlink signal only to the
said determined base transceiver station(s) identified in
the message.

[0022] According to an eighth aspect of the present
invention there is provided a soft hand-off control meth-
od for use in a cellular mobile communications network,
wherein: when a soft hand-off operation involving more
than one base transceiver station of the network is being
performed, a mobile station produces respective signal
measures for all the base transceiver stations involved
in the operation, each such signal measure serving to
indicate the performance of a communications channel
between the mobile station and the base transceiver
station concerned; and the produced signal measures
are employed to determine which of the involved base
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transceiver stations should be used to transmit a sub-
sequent downlink signal to the mobile station, and the
said subsequent downlink signal is transmitted by base
station controller means of the network only to the said
determined base transceiver station(s).

[0023] The signal measures can be any suitable
measure of the communications-channel performance
between the mobile station and the base transceiver
stations, for example signal strength measures (re-
ceived signal strength in terms of power or amplitude or
quality measures (frame error rate, signal-to-interfer-
ence ratio, etc), or a combination of both strength and
quality.

[0024] In preferred embodiments of the first to fourth
aspects of the present invention the signal measures
are respective power control bits received by the mobile
station from the base transceiver stations involved in the
soft hand-off operation. These power control bits indi-
cate whether or not the mobile station is to increase or
decrease its uplink transmission power to the base
transceiver station and therefore serve conveniently as
measures of the uplink channel performance channel
between the mobile station and each base transceiver
station.

[0025] Reference will now be made, by way of exam-
ple, to the accompanying drawings, in which:

Figure 1, discussed hereinbefore, shows parts of a
cellular mobile telecommunication network accord-
ing to 1S95;

Figure 2, also discussed hereinbefore, shows a
schematic view for use in explaining processing of
uplink signals in a soft hand-off operation performed
by the Figure 1 network;

Figure 3, also discussed hereinbefore, shows a
schematic view for use in explaining processing of
downlink signals in such a soft hand-off operation;
Figure 4, also discussed hereinbefore, illustrates
the format of a time frame in the Figure 1 network;
Figure 5 shows parts of a mobile telecommunica-
tion network embodying the present invention;
Figure 6 shows parts of a mobile station embodying
to the present invention;

Figure 7 is a flowchart for illustrating uplink process-
ing operations in the Figure 6 mobile station;
Figure 8 shows parts of a base transceiver station
embodying the present invention;

Figure Qs a flowchart for illustrating uplink process-
ing in the Figure 8 base transceiver station;

Figure 10 shows an example decision table em-
ployed in the uplink processing by the Figure 8 base
transceiver station; and

Figure 11 shows parts of another base transceiver
embodying the present invention;

Figure 12 shows a further example decision table
employed in the uplink processing by the Figure 10
base transceiver station;

Figure 13 shows parts of a base station controller
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embodying the present invention.

[0026] Figure 5 shows parts of a mobile telecommu-
nication network embodying the present invention. In
Figure 5, elements that are the same as elements of the
Figure 1 network described previously have the same
reference numerals and an explanation thereof is omit-
ted.

[0027] The Figure 5 network is awideband CDMA (W-
CDMA) network for a proposed new standard for mobile
telecommunications, referred to as a universal mobile
telecommunications system (UMTS) or UMTS terrestri-
al radio access (UTRA). This is generally similar to the
IS95-standard network described previously, although
certain implementation details are yet to be finalised.
Details that are different from 1S95 include the frame du-
ration, which is 10ms, and the time-slot duration which
is 625us. The overall bit rate is within the range from
8kbits/s to 2Mbits/s. Also downlink power control in W-
CDMA is closed-loop and is based on the same princi-
ples as the uplink power control.

[0028] InFigure 5, each of three base transceiver sta-
tions (BTSs) 20 (BTS1, BTS2 and BTS3) is connected
via a fixed network 5 to a base station controller (BSC)
30, which is in turn connected to a mobile switching cen-
tre (MSC) 7. Each BTS 20 serves a cell 8. A mobile sta-
tion (MS) 40 is in a soft hand-off (SHO) region 9 and can
receive downlink signals from, and transmit uplink sig-
nals to, all the BTSs 20 involved in the soft hand-off.
[0029] The Figure 5 network corresponds generally
with the Figure 1 network, but the MS 40, BTSs 20 and
BSC 30 are constructed and operate differently from the
corresponding elements in Figure 1.

[0030] Figure 6 is a block diagram showing parts of a
MS 40 embodying the presentinvention. An antenna el-
ement 42 is connected (e.g. via a duplexer - not shown)
to a receiver portion 44 and a transmitter portion 46. A
signal selection information processing portion 48 from
the receiver portion 44 respective downlink signals DS1
to DS3 produced by the three BTSs BTS1 to BTS3 in-
volved in the soft hand-off operation. The signal selec-
tion information processing portion 48 applies a ranking
message RM and a power control message PCM to the
transmitter portion 46.

[0031] Figure 7 is a flow chart showing the actions
performed by the signal selection processing portion 48
of the MS 40 when performing uplink processing whilst
the MS is in the soft hand-off region 9. Firstly, in step
A1, the three BTSs 20 are ranked based on a predeter-
mined property of the respective downlink signals DS1
to DS3 that are being received by the MS 40, for exam-
ple received signal strength (RSS). Alternatively, the
ranking may be based on a "first-come first-served" ba-
sis, i.e. on the order in which BTSs 20 became involved
in the soft hand-off operation. Alternatively, the ranking
could be random. In step A2 a ranking message RM,
indicating the order in which the BTSs are presently
ranked, is then sent via a control channel to all BTSs 20.
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After the ranking message is sent, processing continues
to step A3.

[0032] The loop from steps A3 to A6 occurs once for
every time slot of the traffic channel (TCH) and its as-
sociated control channel (DCCH) in the downlink direc-
tion. As was the case for the 1S95 uplink power control
method described above, every time slot of the TCH/
DCCH from BTS 20 to MS 40 contains a power control
bit for the purpose of instructing the MS 40 to increase
or reduce its uplink transmission power. In step A3, such
a power control bit is received from each of the three
BTSs 40 involved in the soft hand-off.

[0033] In step A4, the plurality of power control bits
received in step A3 are arranged into a power control
message (PCM) in rank order according to the current
BTS ranking decided in step A1. Following this, in step
A5, the PCM is transmitted to all involved BTSs via a
control channel.

[0034] The ranking decided in step A1 may periodi-
cally require updating, for several reasons. Firstly, as the
MS 40 moves, a downlink signal may be received from
anew BTS or an existing BTS may no longer be able to
provide a detectable downlink signal. Secondly, the
qualities of the signals received from the BTSs 20 may
have changed, e.g. due to fading. Therefore, in step A6
itis decided whether or not a ranking update is required.
Such an update may be carried out periodically at reg-
ular time intervals (for example every several hundred
milliseconds as in GSM networks), or every frame or
even every time slot. Alternatively, the ranking could be
updated only when a new BTS is detected or contact
with an existing one lost. If an update is required,
processing is returned to step A1, otherwise processing
returns to step A3 for the start of the next time slot.
[0035] Figure 8 is a block diagram showing parts of a
BTS 20 embodying the present invention. This BTS 20
is specially adapted to receive and process the ranking
message RM sent by the MS 40 in step A2 of Figure 7
and the power control message PCM sent by the MS 40
in step A5.

[0036] An antenna element 22 is connected (e.g. via
a duplexer - not shown) to a receiver portion 24 and a
transmitter portion 26. A soft hand-off control portion 28
receives an uplink signal US from the receiver portion
24, and in turn applies the received US (or a signal de-
rived therefrom) to the fixed network 5 for transmission
tothe BSC 30. Optionally contained within the soft hand-
off control portion 28 is a storage portion 29.

[0037] In use of the BTS 20, the uplink signals sent
by the MS 40 when it is in the soft hand-off region 9 in-
clude, from time to time, a ranking message RM. The
uplink signals US detected by the receiver portion 24 in
the BTS 20 are applied to the soft hand-off control por-
tion 28. When the soft hand-off control portion 28 de-
tects that a ranking message RM is included in one of
the uplink signals US received thereby, it processes the
ranking message concerned to determine the rank of its
BTS within the ranking order determined by the MS in
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step A1 described above.

[0038] In each time slot, the uplink signals US pro-
duced by the receiver portion 24 also include a power
control message PCM determined by the MS 40 as de-
scribed above in step A4 of Figure 7.

[0039] Operation of the soft hand-off control portion
28 in response to the presence of such a PCM in the
uplink signal US produced by the receiver portion 24 will
now be described with reference to Figure 9.

[0040] It is assumed that, by the time the sequence
shown in Figure 9 is commenced, a ranking message
RM has already been received and processed (as indi-
cated above) by the soft hand-off control portion 28.
[0041] In Figure 9, in step B1 the PCM is received by
the soft hand-off control portion and examined.

[0042] In step B2, the soft hand-off control portion 28
determines whether its BTS 20 specified, in its last pow-
er control bit (PCB) sent to the subject MS 40, that the
MS 40 should reduce its uplink transmission power
(PCB=1). If so, processing proceeds to step B3.
[0043] In step B3, the soft hand-off control portion 28
goes on to examine the PCM which includes the respec-
tive last PCBs of all of the other BTSs involved in the
present soft hand-off operation. If any of those PCBs is
1, this denotes that at least one other BTS requested
the subject MS 40 to reduce its uplink transmission pow-
er. In this case, processing proceeds to step B4.
[0044] In step B4, the soft hand-off control portion 28
determines whether or not, in the order of ranking pres-
ently determined by the MS 40, its BTS is ranked higher
than each other BTS that requested the MS to reduce
its uplink transmission power.

[0045] If its BTS is the highest-ranked BTS that has
requested a power reduction, processing proceeds to
step B5 in which the soft hand-off control portion 28 de-
termines thatits BTS is required to send the uplink signal
US received in the current time slot to the BSC 30 via
the fixed network 5.

[0046] Ifin step B4 the soft hand-off control portion 28
determined that another BTS, having a higher rank than
its BTS, also asked for a power reduction, processing
proceeds to step B7 in which the soft hand-off control
portion 28 determines that it is not required to transmit
the uplink signal US received from the mobile station 40
in the current time slot to the BSC 30.

[0047] In step B3, if the soft hand-off control portion
28 determines that its BTS was the only BTS involved
in the soft hand-off operation to ask for a power reduc-
tion, processing proceeds to step B5 in which the uplink
signal US for the current time slot is transmitted by the
BTS to the BSC 30.

[0048] Ifin step B2 the soft hand-off control portion 28
determines that it asked the MS 40 for a power increase
(i.e. its last PCB was 0), processing proceeds to step
B6. In step B6 the soft hand-off control portion 28 deter-
mines, by referring to the PCM, whether any other BTS
asked for a reduction (i.e. the last PCB specified by that
other BTS was 1). If so, the soft hand-off control portion
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28 determines that its BTS is not required to transmit
the uplink signal US to the BSC 30 in the current time
slot and processing proceeds to B7. If, on the other
hand, no other BTS requested a power reduction (i.e.
all BTSs involved in the present soft hand-off operation
requested an increase in the MS uplink transmission
power), processing proceeds to step B5 and the US for
the current time slot is transmitted by the BTS to the
BSC 30.

[0049] After step B5 or B7 (as the case may be)
processing for the current time slot is completed and the
soft hand-off control portion 28 awaits the next PCM or
RM from the MS 40.

[0050] As described above with reference to Figure 9,
by virtue of its receipt of the PCM, the soft hand-off con-
trol portion 28 in each BTS involved in a soft hand-off
operation has knowledge of the last power control bit
sent to the subject MS 40 by all of the other BTSs, as
well as by its own BTS. By comparing these PCBs, the
soft hand-off control portion in each BTS can decide
whether or not to transfer the uplink signal US received
in the current time slot to the BSC, such that, whenever
possible, only one of the BTSs involved in the soft hand-
off transfers the uplink signal US to the BSC.

[0051] Based on the received PCBs, the soft hand-off
control portion 28 in each "deciding BTS" identifies
whether the power reduction/increase requests by the
different BTSs fall into one of four different cases.

Case 1: If the deciding BTS has asked for a power
increase whilst at least one other BTS has asked
for a power reduction, it suggests that at least one
other BTS is enjoying a better-quality uplink signal
from the MS 40. Accordingly, this other BTS, rather
than the deciding BTS, should send the uplink sig-
nal US in the current time slot to the BSC. The de-
ciding BTS therefore decides not to send the uplink
signal US.

Case 2: If the deciding BTS has requested a power
reduction but every other BTS involved in the soft
hand-off operation has requested an increase in
power, the deciding BTS determines that itis receiv-
ing the best-quality signal from the MS and decides
to transmit the US in the current time slot to the
BSC.

Case 3: If the deciding BTS has asked the MS to
reduce power, and at least one other BTS has also
asked for such a power reduction, the decision as
to which BTS is to transfer the US is based on rank.
For example, the highest-ranked of the BTSs re-
questing a power reduction determines that it
should transfer the US in the current time slot to the
BSC. Thus, case 3 is divided into two sub-cases 3a
and 3b. In case 3a the deciding BTS determines
that a higher-ranked BTS has asked for a power re-
duction and so determines that it should not send
the US. In case 3b, on the other hand, the deciding
BTS determines that it is the highest-ranked of the
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BTSs requesting a power reduction, and transfers
the US to the BSC 30.

Case 4: If all the BTSs involved in the soft hand-off
operation have requested the MS to increase its
transmission power, all of the BTSs transfer their
respective uplink signals US in the current time slot
to the BSC, as in the conventional soft hand-off op-
eration described previously with reference to Fig-
ure 2. This permits maximum ratio combining
(MRC) processing of the different uplink signals at
the BSC 30.

[0052] As described above, the ability to make deci-
sions at the BTS, rather than at the BSC, facilitates a
significant reduction in the fixed-network backhaul for
uplink processing in the soft hand-off operation.

[0053] Figure 10 shows an example decision table for
use in illustrating operation of the soft hand-off control
portion 28 during uplink processing. In this example, it
is assumed that the BTSs involved in the soft hand-off
operation are ranked as follows: BTS3 has rank D(the
highest rank); BTS1 has rank @); and BTS2 has rank ®
(the lowest rank).

[0054] Asillustrated in Figure 10, the MS 40 arranges
the power control bits PCBs for the different BTSs in the
power control message PCM in the order of rank of the
BTSs. Thus, the first bit in the PCM corresponds to the
rank- MBTS (BTS3 in this example); the second bit in
the PCM corresponds to the rank- @BTS (BTS1); and
the third bit in the PCM corresponds to the rank- @BTS
(BTS2).

[0055] In this example, itis also assumed that the de-
ciding BTS is BTS1 (which in this case is the middle-
rank BTS).

[0056] Incase 1above,the PCM =001, indicating that
BTS2 alone has requested a power reduction. Thus,
BTS2 should transmit the uplink signal for the current
time slot and BTS1 determines that it should not transmit
the uplink signal.

[0057] In case 2, the PCM = 010, indicating that the
deciding BTS1 alone has requested a power reduction.
Accordingly, BTS1 determines that it should transmit the
uplink signal US to the BSC.

[0058] Incase 3a, bothBTS3 and BTS1 have request-
ed a power reduction, whereas BTS2 has requested a
power increase. In this case, the deciding BTS1 refers
to its rank in the order of ranking determined by the MS
and establishes that, as the first PCM bit (corresponding
to the higher-rank BTS3) is 1, it (the deciding BTS1)
should not transmit the US to the BSC.

[0059] In case 3b, on the other hand, the PCM =011,
indicating that both BTS1 and BTS2 have requested a
power reduction and BTS3 has requested a power in-
crease. In this situation, the deciding BTS1 determines
that no BTS of rank higher than it has requested a power
reduction (the first PCM bit is 0) and therefore decides
to transmit the US to the BSC.

[0060] Finally, in case 4, the PCM = 000 which indi-
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cates that all BTSs have requested a power increase.
In this case, the deciding BTS1 determines that it should
transmit the US to the BSC.

[0061] It will be appreciated that it is not essential for
the decision-making carried out by the BTSs involved in
the soft hand-off operation to result in only one of the
BTSs transmitting the US to the BSC in the current time
slot in the cases 1, 2, 3a and 3b. For example, some
benefit would still be achieved, in terms of reducing the
fixed-network backhaul for uplink processing, as long as
at least one BTS decides not to transmit the US in any
of the cases 1, 2, 3a or 3b.

[0062] It will also be appreciated that, in order to avoid
erroneous decision making in the BTSs, based for ex-
ample on temporary phenomena in the uplink signal re-
ception at the BTSs, it may be preferable for the BTSs
to make their uplink-signal transmission decisions
based on a history of the power control bits sent to the
MS. For example, the storage portion 29 included within
each soft hand-off control portion 28 could be used to
store one or more previous PCMs received by the BTS.
Using this PCM history, as stored in the storage portion
29, each BTS could make a more informed decision as
to whether or not to transmit the uplink signal to the BSC.
[0063] For example, if the history of the PCMs shows
that each BTS is sending alternate ones and zeros to
the MS (indicating generally that the signal conditions
between the MS and each BTS involved in the soft hand-
off operations are effectively static), it would be unpro-
ductive for the transmitting BTS to continuously "swap
around" as a result of the alternating ones and zeros.
Such swapping around could be eliminated, for exam-
ple, by providing each soft hand-off control portion 28
with a facility to identify a "don't care" reception situation
(such as a stream of alternating ones and zeros) for
each BTS involved in the soft hand-off operation. In this
"don't care" situation, the soft hand-off control portion
28 could simply decide to apply the last decision it made
as to whether or not to transmit the uplink signal to the
BSC this time around, so eliminating the swapping
around phenomenon. Other "don't care" situations could
also be identified, for example by applying a moving av-
erage to the sequence of PCBs received for any given
BTS.

[0064] Similarly, a moving average could be used to
make the decision as to whether the reception condi-
tions fall into any of cases 1 to 4 in Figure 10. In this
case, instead of "1" or "0" in Figure 10 representing just
the PCB in the current PCM, "1" or "0" could represent
the moving average (rounded up or down to 1 or 0) for
the BTS concerned over the past (say) 4 PCMs.
[0065] It will also be understood that it is not neces-
sary for the uplink processing to take place every time
slot. It would also be possible for the PCM to be trans-
mitted only once per frame, in which case the decision-
making applied by each BTS would be made on a frame-
by-frame basis.

[0066] Furthermore, it would even be possible for the
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decisions to be made at time intervals other than frames
or time slots, for example based on a time interval con-
sistent with the fading characteristics of the RF channels
in the network.

[0067] Inthe embodimentdescribed above, when two
or more BTSs involved in the soft hand-off operation
have comparably-good uplink channel performances,
the BTS used to transmit the uplink signal to the BSC is
selected based on the BTS ranking determined by the
mobile station alone. However, it is not essential for the
ranking of the BTSs to be performed exclusively by the
MS and it is possible for the ranking (or part of it) to be
performed elsewhere in the network (e.g. in the BSC)
based on other criteria.

[0068] For example, in a preferred embodiment the
BTSs may be ranked according to a first ranking deter-
mined by the mobile station as described previously.
This first ranking may be termed a ranking based on the
air interface between the mobile station and the BTSs.
The BTSs may also be ranked according to a second
ranking determined by the BSC. This second ranking
may be based on so-called "backhaul preference”, i.e.
an order of preference in which the BTSs should transfer
(backhaul) the received uplink signal to the BSC. Fac-
tors which influence the backhaul preference include:
congestion and availability of the fixed-network commu-
nication paths linking the different BTSs to the BSC; the
quality of those communication paths; and the cost of
using those communications paths. In particular, the
fixed network employed to provide the communications
paths between the BTSs and the BSC is subject to con-
gestion so that availability problems may arise. Also,
some communications paths such as microwave links
may offer relatively low quality compared to other types
of communication path such as fibre-optic paths. Cost
considerations also arise because the fixed-network op-
erator may levy different charges for the use of the dif-
ferent communications paths, including different charg-
es for different bandwidths and different tariffs at differ-
ent times of use.

[0069] Accordingly, by ranking the BTSs in accord-
ance with backhaul preference (as well as in accord-
ance with air-interface performance), it is possible to
employ a combination of the backhaul preference de-
termined by the second ranking and the air-interface
preference determined by the first ranking in suitable
cases.

[0070] Figure 11 shows parts of a BTS 120 for use in
the above-described example. The Figure 11 BTS 120
is constituted in basically the same way as the BTS 20
of Figure 8, but includes a modified soft hand-off control
portion 128 which receives a first ranking message RM1
from the mobile station and a second ranking message
RM2 from the BSC via the fixed-network connection
path 5.

[0071] To this end the BSC in this embodiment further
includes a communications path ranking portion (not
shown in the drawings) which determines the backhaul
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preference based on one or more of the factors men-
tioned above and transmits the second ranking mes-
sage specifying the determined backhaul preference to
the BTSs involved in the soft hand-off operation.
[0072] The soft hand-off control portion 128 employs
a super decision-matrix when deciding whether or not
its BTS 120 should forward an uplink signal US received
from the mobile station to the BSC.

[0073] Figure 12 shows one example of the applica-
tion of this super decision matrix.

[0074] In this example, it is assumed that four BTSs
are involved in the soft hand-off operation. In accord-
ance with the first ranking message RM1 provided to the
soft hand-off control portion 128 by the mobile station,
the four BTSs are ranked as follows: BTS1 - rank @);
BTS2 -rank®); BTS3 - rank(®); BTS4 - rank @). Accord-
ing to the second ranking message RM2 provided to the
soft hand-off control portion 128 by the BSC, the BTSs
are ranked differently as follows: BTS1 - rank @; BTS2
- rank @); BTS3 - rank @); and BTS4 - rank (.

[0075] Inthis exampleitis also assumed that the pow-
er control bits (arranged in a power control message
PCM received from the mobile station) are (in order from
BTS1 to BTS4) 0,1,1,0. This signifies that BTS2 and
BTS3 are both enjoying comparably-good communica-
tions-channel performances. In this case (which corre-
sponds to cases 3a and 3b in Figure 10) a decision, as
to which of these two candidate BTSs BTS2 and BTS3
should transmit the received uplink signal in the next
time slot to the BSC, is made based on a combination
of the two rankings (air-interface ranking provided by the
first ranking message RM1 and backhaul ranking pro-
vided by the second ranking message RM2).

[0076] In each of the BTSs concerned (BTS2 and
BTS3), the soft hand-off control portion 128 determines
that it should follow the backhaul ranking preference,
which indicates that BTS2 rather than BTS3 should be
used to transmit the uplink signal to the BSC, even
though according to the air-interface ranking, BTS2 is
inferior to BTS3. Such a decision is possible because,
in this case, the difference in air-interface ranking be-
tween the two candidate BTSs BTS2 and BTS3 is only
one, indicating that BTS2 is only slightly inferior to BTS3.
(It might not be desirable to follow the backhaul ranking
preference had the two candidate BTSs had been BTSs
having very different air-interface rankings, for example
BTS1 and BTS4).

[0077] Thus, as described above, the decision-mak-
ing in the soft hand-off control portions of the different
BTSs involved in the soft hand-off operation can be
based on one of the two rankings (air-interface ranking
and backhaul ranking) alone or on a combination of both
types of ranking. In particular, it will be understood that
when the ranking applied by the mobile station (air-in-
terface ranking) is purely random or based on the order
of involvement of the BTSs in the soft hand-off opera-
tion, it may well be preferable for the air-interface rank-
ing to be overridden completely by the backhaul ranking.
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[0078] Next, downlink processing in the soft hand-off
operation of the Figure 5 network will be described. In
such downlink processing, if macro-diversity based on
maximum ratio combining (MRC) is required at the MS
during the soft hand-off operation, all of the BTSs in-
volved in the soft hand-off operation must transmit the
same information to the MS, so that no reduction in the
fixed-network backhaul can be achieved in this case.
However, if MRC is not required at the MS in the soft
hand-off region, downlink macro-diversity can be based
on selection (or switched) diversity at the BSC 30, in ac-
cordance with another aspect of the present invention.
[0079] Referring again to Figure 6, to deal with the
downlink processing, the signal selection information
processing portion 48 is required to perform a further
function in addition to the generation of the ranking mes-
sage RM and power control message PCM as described
previously. In this case, as in the previously-described
ranking process the signal selection information
processing portion 48 again processes the respective
downlink signals DS1 to DS3 received from the BTSs
(BTS1 to BTS3) involved in the soft hand-off operation,
and compares these downlink signals according to a
predetermined property (which may be the same prop-
erty as for the uplink processing case or another prop-
erty, as desired). In a preferred embodiment, the prede-
termined property is the received signal strength (RSS),
possibly together with the signal-to-interference ratio
(SIR). These performance measures are determined for
the downlink DCCH.

[0080] The signal selection information processing
portion 48 employs the performance measures to select
which of the BTSs involved in the soft hand-off operation
is to be used to transmit the downlink signal to the MS
in the next time slot.

[0081] The signal selection information processing
portion 48 may select the BTS that is to transmit the
downlink signal in the next time slot based on the fol-
lowing cases.

[0082] Case 1:Ifthe RSS (and/or SIR) of asingle BTS
is higher than each other BTS, that single BTS is select-
ed to transmit the downlink signal in the next time slot.
[0083] Case 2: If two or more BTSs have comparably-
good RSS (and/or SIR), one of them is selected based
on an order of ranking (e.g. order of involvement in the
soft hand-off operation or random).

[0084] Case 3: If all the BTSs involved in the soft
hand-off operation fail to meet a prescribed RSS (and/
or SIR) threshold, all the BTSs are selected to transmit
the downlink signal in the next time slot, so that a MRC
operation can be performed at the MS 40 to give the
best chance of obtaining a useful signal.

[0085] After determining which BTS(s) is/are to be
used, the signal selection information processing por-
tion 48 transmits a BTS selection message (BSM), iden-
tifying the BTS(s) to be used, to all of the BTSs on a
control channel.

[0086] For example, using two bits to provide the
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BSM, the BSM may be set to "01" to designate BTS1;
"10" to designate BTS2; and "11" to designate BTS3.
"00" denotes that all the BTSs should be used to trans-
mit the downlink signal in the next time slot.

[0087] Each BTS receives the BSM via the control
channel from the MS 40. One or more of the BTSs then
forward the BSM to the BSC 30. As described previously
with reference to Figures 8 to 10, only one BTS may
decide to transmit the uplink signal including the BSM
to the BSC, by applying the decision-making strategy
described previously for the uplink processing. Howev-
er, the number of BTSs that forward the BSM to the BSC
is irrelevant to this aspect of the invention, and all BTSs
could forward the BSM to the BSC.

[0088] Figure 13 shows part of a BSC adapted to per-
form downlink processing in the soft hand-off operation.
The BSC 30 includes a control portion 32 and a selector
portion 34.

[0089] In this example, it is assumed that the connec-
tion lines 5, to 53 linking each BTS to the BSC 30 are
duplex lines which carry respective uplink and downlink
signals US and DS between the BTS concerned and the
BSC. For example, a first connection line 5, carries re-
spective uplink and downlink signals US1 and DS1 be-
tween the BTS1 and the BSC 30.

[0090] The selector portion 34 receives at its input a
downlink signal DS supplied by the MSC (7 in Figure 5).
The selector portion 34 has three outputs connected re-
spectively to the connection lines 5, to 55.

[0091] The selector portion 34 also has a control input
which receives a selection signal SEL. In response to
the SEL selection signal the selector portion 34 con-
nects its input to one, or all, of its three outputs.

[0092] The control portion 32 also has three inputs
connected respectively to the connection lines 5, to 55
for receiving the uplink signals US1 to US3 from BTS1
to BTS3 respectively. The control portion applies the se-
lection signal SEL to the selector portion 34.

[0093] In operation of the BSC shown in Figure 13, in
each time slot of the uplink signal the control portion 32
receives one or more of the three uplink signals US1 to
US3 from the BTSs involved in the soft hand-off opera-
tion. When the BSM supplied by the MS 40 is detected
within a received uplink signal US1, US2 or US3, the
control portion 32 examines the BSM and determines
therefrom which of the BTSs is to be used to transmit
the downlink signal in the next time slot to the MS 40.
[0094] Ifthe BSM designates a single BTS, the control
portion 32 sets the selection signal SEL such that the
selector portion 34 supplies the downlink signal DS just
to that one of the connection lines 5, to 53 connecting
the BSC 30 to the designated BTS. If, on the other hand,
all BTSs are designated by the BSM, the selection signal
SEL is set so that the downlink signal DS received from
the MSC 7 is supplied to all of the connection lines 5,
to 5.

[0095] It will be appreciated that it is not necessary for
the downlink processing to be performed on a time slot-
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by-time slot basis. It could be performed on a frame-by-
frame basis or the BTS selection could be made at some
other suitable time interval.

[0096] It would also be possible for the signal selec-
tion information processing portion 48 (Figure 6) to in-
clude its own storage portion (similar to the storage por-
tion 29 in Figure 8) enabling it to store a past history of
the RSS (and/or SIR) measures for the different BTSs
currently involved in the soft hand-off operation. In this
case, as described previously in relation to the uplink
processing, it would be possible for the MS to employ
more sophisticated decision-making in relation to the
BTS selection so as to avoid undesirable effects caused
by temporary reception phenomena or other problems
caused by too frequent-changing of the BTS selection.
[0097] Itis not necessary for the mobile station to car-
ry out the comparison of the signal measures for the dif-
ferent downlink signals and make the determination of
the BTS to be used to transmit the downlink signal. The
comparison and BTS determination could be carried out
in the BSC; in this case instead of transmitting the BSM
to the BTSs involved in the soft hand-off operation, the
mobile station could transmit the downlink signal meas-
ures themselves (in some suitable form). These meas-
ures would then be delivered in the usual way to the
BSC, enabling it to compare them and then make the
BTS determination.

[0098] Although the present invention has been de-
scribed above in relation to the proposed European
wideband CDMA system (UTRA) it will be appreciated
that it can also be applied to a system otherwise in ac-
cordance with the IS95 standard. It would also be pos-
sible to apply the invention in other cellular networks not
using CDMA, for example networks using one or more
of the following: multiple-access techniques: time-divi-
sion multiple access (TDMA), wavelength-division mul-
tiple access (WDMA), frequency-division multiple ac-
cess (FDMA) and space-division multiple access (SD-
MA).

Claims

1. Acellular mobile communications network compris-
ing:

selection means operable, when a mobile sta-
tion of the network is capable of receiving
downlink signals from a plurality of base trans-
ceiver stations, to produce signal measures, for
each of the downlink signals from the plurality
of base transceiver stations, which serve to in-
dicate the performance of a wireless channel
between the mobile station and each of the plu-
rality of base transceiver stations, and also op-
erable to employ the produced signal measures
to select which of the plurality of base transceiv-
er stations should be used to transmit a subse-
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quent downlink signal to the mobile station; and
transmitter means for transmitting to the plural-
ity of base transceiver stations an uplink signal
including information identifying the selected
base transceiver station.

2. Anetwork as claimed in claim 1, further comprising:

receiver means for receiving the uplink signal;
processing means for processing the informa-
tion included in the received uplink signal and
for preventing each non-selected base trans-
ceiver station from transmitting the subsequent
downlink signal.

3. A network as claimed in claim 1 or 2, wherein the
selection means are operable to select a single se-
lected base transceiver station from among the plu-
rality of base transceiver stations.

4. A network as claimed in claim 3, wherein the single
selected base transceiver station has a better com-
munications-channel performance than those of all
the other base transceiver stations.

5. A network as claimed in any preceding claim,
wherein each signal measure serves to indicate the
performance of a downlink wireless channel from a
different one of the plurality of base transceiver sta-
tions to the mobile station.

6. A network as claimed in any preceding claim,
wherein each signal measure is a measure of re-
ceived signal strength of a downlink signal received
by the mobile station from one of the plurality of
base transceiver stations.

7. A network as claimed in claim 6 when read as ap-
pended to claim 3, wherein the received signal
strength of the downlink signal from the single se-
lected base transceiver station is higher than those
of the other base transceiver stations.

8. A network as claimed in claim 2, wherein each of
the plurality of base transceiver stations is assigned
an individually-corresponding identification code,
and a base transceiver station is designated as the
selected base transceiver station by including the
assigned identification code of the base transceiver
station in the information.

9. A network as claimed in claim 8, wherein, following
receipt of the information, the processing means
derives therefrom the identification code and recog-
nises that a base transceiver station is a non-select-
ed base transceiver station if the derived identifica-
tion code does not match the assigned identification
code of the base transceiver station.
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A mobile station capable of receiving a downlink
signal from each of a plurality of base transceiver
stations and transmitting an uplink signal to the plu-
rality of base transceiver stations through a wireless
channel, comprising:

selection means operable to produce signal
measures, for each of the downlink signals from
the plurality of base transceiver stations, which
serve to indicate the performance of a wireless
channel between the mobile station and each
of the plurality of base transceiver stations, and
also operable to employ the produced signal
measures to select which of the plurality of base
transceiver stations should be used to transmit
a subsequent downlink signal to the mobile sta-
tion; and

transmitter means for transmitting to the plural-
ity of base transceiver stations an uplink signal
including information identifying the selected
base transceiver station.

A mobile station as claimed in claim 10, wherein the
selection means are operable to select a single se-
lected base transceiver station from among the plu-
rality of base transceiver stations.

A mobile station as claimed in claim 11, wherein the
single selected base transceiver station has a better
communications-channel performance than those
of all the other base transceiver stations.

A mobile station as claimed in any one of claims 10
to 12, wherein each signal measure serves to indi-
cate the performance of a downlink wireless chan-
nel from a different one of the plurality of base trans-
ceiver stations to the mobile station.

A mobile station as claimed in any one of claims 10
to 13, wherein each signal measure is a measure
of received signal strength of a downlink signal re-
ceived by the mobile station from one of the plurality
of base transceiver stations.

A mobile station as claimed in claim 14 when read
as appended to claim 11, wherein the received sig-
nal strength of the downlink signal from the single
selected base transceiver station is higher than
those of the other base transceiver stations.

A mobile station as claimed in any one of claims 10
to 15, wherein each of the plurality of base trans-
ceiver stations is assigned an individually-corre-
sponding identification code, and a base transceiv-
er station is designated as the selected base trans-
ceiver station by including the assigned identifica-
tion code of the base transceiver station in the in-
formation.
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17. A base transceiver station, for use in a cellular mo-

bile communications network and capable of trans-
mitting a downlink signal to a mobile station to which
one or more other base transceiver stations are also
capable of transmitting downlink signals, compris-

ing:

receiver means for receiving, from the mobile
station, an uplink signal including information
identifying a selected base transceiver station,
from among the claimed base transceiver sta-
tion and said one or more other base transceiv-
er stations, that is to transmit a subsequent
downlink signal to the mobile station; and
identifying means operable to process the in-
formation and to identify if the claimed base
transceiver station is the selected base trans-
ceiver station,

wherein the selected base transceiver station
is selected from among the plurality of base
transceiver stations based on signal measures,
for each of the received downlink signals from
the claimed base transceiver station and said
one or more other base transceiver stations,
which serve to indicate the performance of a
wireless channel between the mobile station
and each of the claimed base transceiver sta-
tion and said one or more other base transceiv-
er stations.

18. A method for use in a cellular mobile communica-

tions network, comprising the steps of:

(a) when a mobile station of the network is ca-
pable of receiving downlink signals from a plu-
rality of base transceiver stations, producing
signal measures, for each of the downlink sig-
nals from the plurality of base transceiver sta-
tions, which serve to indicate the performance
of a wireless channel between the mobile sta-
tion and each of the plurality of base transceiver
stations;

(b) employing the produced signal measures to
select which of the plurality of base transceiver
stations should be used to transmit a subse-
quent downlink signal to the mobile station; and
(c) transmitting to the plurality of base trans-
ceiver stations an uplink signal including infor-
mation identifying the selected base transceiv-
er station.

19. A method as claimed in claim 18, further compris-

ing:

(d) receiving the uplink signal and processing
the information included in the received uplink
signal; and

(e) identifying the selected base transceiver
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station for transmitting the subsequent down-
link signal to the mobile station.

A method as claimed in claim 18 or 19, wherein in
step (b) a single selected base transceiver station
is selected from among the plurality of base trans-
ceiver stations.

A method as claimed in claim 24, wherein the single
selected base transceiver station has a better com-
munications-channel performance than those of all
the other base transceiver stations.

A method as claimed in any one of claims 18 to 21,
wherein each signal measure serves to indicate the
performance of a downlink channel from a different
one of the plurality of base transceiver stations to
the mobile station.

A method as claimed in any one of claims 18 to 22,
wherein each signal measure is a measure of re-
ceived signal strength of a downlink signal received
by the mobile station from one of the plurality of
base transceiver stations.

A method as claimed in claim 23 when read as ap-
pended to claim 20, wherein the received signal
strength of the downlink signal from the single se-
lected base transceiver station is higher than those
of the other base transceiver stations.

A method as claimed in claim 18, wherein each of
the plurality of base transceiver stations is assigned
an individually-corresponding identification code,
and a base transceiver station is designated as the
selected base transceiver station by including the
assigned identification code of the base transceiver
station in the information.

A method as claimed in claim 25, wherein, following
receipt of the information, the identification code is
derived therefrom and a base transceiver station is
recognised as a non-selected base transceiver sta-
tion if the derived identification code does not match
the assigned identification code of the base trans-
ceiver station.

Control circuitry, for use in a mobile station which is
capable of receiving a downlink signal from each of
a plurality of base transceiver stations and transmit-
ting an uplink signal to the plurality of base trans-
ceiver stations through a wireless channel, said
control circuitry comprising:

selection means operable to produce signal
measures, for each of the downlink signals from
the plurality of base transceiver stations, which
serve to indicate the performance of a wireless
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channel between the mobile station and each
of the plurality of base transceiver stations, and
also operable to employ the produced signal
measures to select which of the plurality of base
transceiver stations should be used to transmit
a subsequent downlink signal to the mobile sta-
tion; and

transmitter means for transmitting to the plural-
ity of base transceiver stations an uplink signal
including information identifying the selected
base transceiver station.

28. Control circuitry, for use in a first base transceiver

station which is capable of transmitting a downlink
signal to a mobile station to which one or more other
base transceiver stations are also capable of trans-
mitting downlink signals, said control circuitry com-
prising:

receiver means for receiving, from the mobile
station, an uplink signal including information
identifying a selected base transceiver station,
from among the first base transceiver station
and said one or more other base transceiver
stations, which is to transmit a subsequent
downlink signal to the mobile station; and
identifying means operable to process the in-
formation and to identify if the base transceiver
station is the selected base transceiver station,
wherein the selected base transceiver station
is selected from among the first base transceiv-
er station and said one or more other basic
transceiver stations based on signal measures,
for each of the received downlink signals from
the first base transceiver station and said one
or more other base transceiver stations, which
serve to indicate the performance of a wireless
channel between the mobile station and each
of the first base transceiver station and said one
or more other base transceiver stations.

29. A mobile station, for use in a cellular mobile com-

munications network, including:

transmitter means for transmitting uplink sig-
nals to a base transceiver station of the net-
work; and

signal information processing means connect-
ed to the said transmitter means and operable,
when the mobile station is capable of receiving
downlink signals from a plurality of such base
transceiver stations of the network, to produce
respective signal measures for all the base
transceiver stations of the said plurality, each
such signal measure serving to indicate the
performance of a communications channel be-
tween the mobile station and the base trans-
ceiver station concerned, and also operable to
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employ the produced signal measures to deter-
mine which of the plurality of base transceiver
stations should be used to transmit a subse-
quent downlink signal to the mobile station, and
to cause the said transmitter means to include, 5
in such an uplink signal transmitted thereby, a
base transceiver station selection message
identifying the determined base transceiver
station(s).
10
30. A cellular mobile communications network, includ-

ing:

a mobile station operable, during a soft hand-

off operation involving a plurality of such base 175
transceiver stations of the network, to produce
respective signal measures for all the bas3e
transceiver stations involved in the operation,
each such signal measure serving to indicate

the performance of a communications channel 20
between the mobile station and the base trans-
ceiver station concerned, and also operable to
employ the produced signal measures to deter-
mine which of the involved base transceiver
stations should be used to transmit a subse- 25
quent downlink signal to the mobile station, and

to cause the said transmitter means to include,

in such an uplink signal transmitted thereby, a
base transceiver station selection message
identifying the determined base transceiver 30
station(s);

the network being operable, in response to re-
ceipt of the base transceiver station selection
message, to prevent the involved base trans-
ceiver stations other than the identified base 35
transceiver station(s) from transmitting the said
subsequent downlink signal.

31. Abase transceiver station selection method for use
in a cellular mobile communications network, 40
wherein:

a mobile station that is capable of receiving
downlink during soft signals from a plurality of such
base transceiver stations of the network produces
respective signal measures for all the base trans- 45
ceiver stations of the plurality, each such signal
measure serving to indicate the performance of a
communications channel between the mobile sta-
tion and the base transceiver station concerned,
and the mobile station employs the produced signal 50
measures to determine which of the involved base
transceiver stations should be used to transmit a
subsequent downlink signal to the mobile station
and includes, in an uplink signal transmitted there-
by, a base transceiver station selection message 55
identifying the determined base transceiver station

(s)-

13
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