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A METHOD OF ‘B-IDIRECTIONAL COMMUNICATION IN A CELLULAR MOBILE RADIO -

- COMMUNICATION SYSTEM WHEREIN DIFFERENT BASE STATIONS ARE USED FOR

THE DOWNLINK AND UPLINK CONNECTION
FIELD OF INVENTION

The present invention relates to mobile radio communication
systens. Moi‘g particularly the invention relates to methods in
a “.éell’ular mobile radio system having cells of substantially
different sizes or base stations transmitting with substantially
different output power. The methods according to the invention
include power control of mobile stations, selection of base
station and handoff. |

BACKGROUND OF THE INVENTION

Many mobile radio systems of various kinds are known and in use.
One kind of systems are analogue FDMA systems. Abbreviated names
of some well known FDMA systems are AMPS, NMT and TACS.

A type of systems different from analogue FDMA sys_tems_ are
digital FDMA systems. The pan European digital' cellular system
abbreviated GSM is a type of digital mobile radio communication
system now in use in Europe. This system is spé.cified in the
document "Recommendation GSM" from ETSI/TC GSM, published by
European Telecommunication Standardization Institute, ETSI B.P.

152-F-06561 Valbonne 'Cédex, France. For an exhaustive infor-

mation on this system reference is given to the mentioned
publication, the subject matter of which is incorporated herein
as a reference._

One type of mobile radio communication system used in USA is
specified in the document - ETIA/TIA, Cellular System, Dual-Mode
Mobile station - "'Base Station Compatibility Standard, IS-54,
published. by ELECTRONIC INDUSTRIES ASSOCIATION, Engineering
Department, 2001 Eye Street, N.W. Washington, D.C. 20006, USA.
This system has both FDMA radio channels for radio signals with
analog modulation and TDMA radio channels for radio signals with
digital modulation. For an exhaustive information on this system
reference is given to the mentioned publication,- the subject -
matter of which is incorporated herein as a reference.
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Both the system according to TIA IS-54 and the GSM system are
TDMA systems with many radio channels disposing separate
frequency bands. For a bidirectional connection with a mobile,
e.g. a telephone call, one time slc:_:t of a radio dhénnei is
required for each direction of the connection. In the older
analogue FDMA systems like AMPS, TACS and NMT one entire radio
channel is required for each direction of each bidirectional
connection with a mobile. An entire radio channel or a time slot
of a radio channel, used by a base station for transmitting
radio signals including speech or data pertaining to a connec-
tion to a mobile station, is sometimes called a forward channel
of a connection. Sometimes it is called a downlink of a connec-~
tion. An entire radio channel or a time slot of a radio channel,
used by a mobile station for transmitting radio signals to a
base station and including speech or data pertaining to a
connection involving the mobile station, is sometimes called a
reverse channel of a connection. Sometimes it is called an
uplink of a connection. In addition to radio channels for
information pertaining to connections already set up, e.g.
speech of a telephoné call or data of a data connection, most
cellular mobile radio systems also have separate control
channels for broadcasting system information, setting up calls,
paging of mobiles or general information not pertaining to a
particular connection already set up.

The radio frequency spectrum available to a mobile radio
communication system limits the capacity of the system, i.e. the
number of simultaneous connections the system can handle. In
order to be able to use the same radio channel in FDMA systems,
or in TDMA systems the same time slot of a radio channel, for
more than one connection, mobile radio systems are made cellular
systems. The geographical area to be covered by a system is then
divided into smaller areas called cells and mobiles in a cell
communicate with a base station for that cell. Cells are grouped
together in clusters. Some or all of the available radio
channels are distributed among the cells according to a frequen-
cy plan. The cell sizes will depend of the required traffic
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handling capacity. The higher required capacity the smaller
cells. :

Cell clusters and frequency plans enables plural use of radio
channels in a FDMA system and plural use of time slots of radio
channels in a FDMA system. Such plural use of radio channels and
time slots is sometimes called channel re-use. The interference
from other stations using the same radio channel or time slot is
sometimes called co-channel interference. The co-channel
interference sets an upper limit to the channel re-use. The co~
channel interference depends of course on the output power of
the radio signals transmitted. Thus, transmitting unnecessary
strong radio signals causes unnecessary co-channel interference
and unnecessary limits the capacity of a cellular FDMA or TDMA
mobile radio communication system. Thus, appropriate ‘control of
transmitter output power is important, at least in high perfor-
mance cellular FDMA and TDMA mobile radio systems.

There are other reasons for control of power of radio signals
transmitted in a cellular system. Power conservation is an
important aspect of small light weight portable battery powered
mobile stations. One way of saving battery power in a mobile
station is to control the strength of transmitted radio signals
in response to measured signal strength at the receiving base
station. If the signal strength at receiveing base station would
not be measured, a mobile must always transmit radio signals
with a strength sufficient for a worst case condition, e.g. when
the mobile station is located at the borderline of a cell. For
most locations such a signal strength is unnecessary high. If
the strength of received signals are measured, a base station
may send power control messages to the mobile permitting a

- reduction of the mobile transmit power whenever an excessive

signal level is detected.

Another way of saving power and reducing interference is
discontinous transmission. In an normal telephone call pauses in
the speech are frequent and quite long in relation to a radio
channel time slot. Transmitting radio signals when there is no
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information to forward is only a waste of power. Discontinous
transmission means the transmission is interrupted when there is
a pause in the speech of a call or no information to be for-

warded on an ongoing connection.

Another type of digital mobile radio communication systems
somevhat different from the above described FDMA and TDMA
systems is the broadband code divison multiple access type
systems, abbreviated CDMA. In normal broadband CDMA systems all
the radio signal transmissions relating to different connections
involving the mobile stations are not separated in time slots or
in different narrow band radio channels. Also in a normal
broadband CDMA system there is no fixed frequency plan. Instead
base and mobile stations both in the same cell and in surround-
ing cells may deliberately transmit radio signals relating to
various connections simultaneously on the same wideband radio
channel. As a consequence the co-channel interference in a CDMA
system will be very high in relation to such interference in the
previously described TDMA systems. More precisely the inter-
ference level in CDMA systems will normally be several times as
high as the level of the desired radio signal relating to the
connection.

The reason why a CDMA system can cope with this high level of
co-channel interference is the wide bandwidth of each radio
channel used. A wideband radio channel in CDMA will normally
have a bandwidth equivalent to several of the narrow bandwidth
radio channels used in TDMA or FDMA systems. The wide bandwidth
allows for a high degree of channel coding. Such coding makes it
possible for the mobile and base station receivers to recognize
the desired signal from all other signals even though <the
interference level exceeds the level of the desired signal.

A feature of the CDMA systems is that the number of connections
permitted within a frequency band is not limited by the number
of time slots/radio channels. Instead the call handling capacity
is limited by the maximum level of co-channel interference still
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permitting the mobile and base station receivers to detect their

desired signals.

"In a CDMA system, power control and discontinous transmission

reduces the average total power of interfering signals. Thus,
discontinous transmission means reduced co-channel interference
and increased capacity in a CDMA system, since the capacity
generally depends on the average interference level.

One reason for using CDMA, as opposed to FDMA and TDMA, is that
CDMA is alledged to enhance the spectrum efficiency. In all
calculations of the spectrum efficiency, i.e. number of connec-
tions per cell for a certain bandwidth, all cells have been

equally sized.

In a CDMA system it is very important that the received signal
strength from all users on the same wideband channel are
equalised. Otherwise an unnecessary high signal would reduce the
capacity since the processing gain of the coding can suppress
only a certain ammount of interference. :

In the reverse channel from mobile to base, the transmit powers
of the mobiles should be controlled in order to equalise the
received signal strengths at the base station and avoid mobiles
close to the base using unnecessary high powers that would cause
unnecessary interference with the signals from the mobiles at
the edge of the cell.

In the forward channel from base to mobile, the transmit power
distribution over the mobile flock should be tailored according
to each mobile's distance from its cell edge. The power of
signals transmitted to mobiles close to the cell edge should be
increased to compensate for the higher interference 1level
recieved by that mobile from neighbouring base stations.

This technique'knowh as Dynamic Power Control, is essential for
the performance of a CDMA system. The technique works well if
all cells are of equal size and all base stations transmit radio
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signals with the same total output power. A mobile station at
the border between two adjacent cells will then receive radio
signals of equal power from its own base station and from the
neighbour base station. Similarly the two base stations for
adjacent cells will recieve signals of the same power from a
mobile station at the border, and due to the dynamic power
control that power will be equal to the power recieved from the
other mobile stations in the cell.

However, a different situation will arise if two adjacent cells
are of substantially different sizes. Cells of different sizes
may be adjacent at the border between a high traffic area and a
low traffic area. It can also occur when a so called "umbrella
cell" gives general coverage to an area where smaller "micro-
cells" gives high traffic capacity to certain areas.

In a prior art CDMA system the output power of the base station
in a larger'cell would be higher than that of a smaller cell so
that a mobile at the cell border would receive signals of equal
strength from the two base stations. This would not cause
special problems since it is the same situation as for cells of

equal size.

However, a mobile at the border between a larger cell and a
smaller cell transmitting radio signals to a.base station for
the larger cell would have to transmit radio signals of higher
strength than a mobile at the same cell border transmitting
radio signals to a base station for the smaller cell, in order
for the strength of signals received at the intended receiving
base stations to be the same. The mobile transmitting to the
base of larger cell would thereby cause unacceptable inter-
ference to the base of the smaller cell and reduce its capacity.

Alternatively any mobile station at the cell border could
transmit radio signals of the same power, required for the
largest cell, independent of the size of the cell the mobile
transmits to. The power of signals recieved at the base station
would then be unnecessary high in small cells. Since the signals
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recieved by a base station from all mobile stations in a cell
should be equally strong, all mobile stations in the smaller
cell would have to increase the output power correspondingly.
This would lead to higher power consumption in the mobile
stations and higher total interference levels.

Although the problem of power control and co-channel inter-
ference when adjacent or neighbour cells have different sizes
may be more pertinent to CDMA systems, it is also a problem in
FDMA and TDMA systems. In summary prior art methods of commu-
nication and power control may cause problems when a cellular
mobile radio system comprises adjacent cells of substantially
different sizes. The present invention aims at solving these

‘problems.

SUMMARY OF THE INVENTION

The invention aims at solving various problems encountered in
cellular mobile radio systems having cells of substantially
different sizes or base stations transmitting with substantially
different output powver.

One object of the present invention is to provide convenient
methods for selection of base station for receiving radio
signals from a mobile station and control of mobile station
output power in a cellular mobile radio system with cells of
substantially different size.

Another object of the present invention is to provide convenient
methods for selection of cell or base station responsible for
transmitting radio signals to a mobile station in a cellular
mobile radio communication system having cells of substantially
different size.

Still another object of the present invention is to provide
convenient methods for reducing unnecessary co-channel inter-
ference from mobiles stations in a cellular mobile radio system
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where the areas served by different base stations have substan-
tially different size.

Yet another object of the present invention is to provide
convenient methods for communication in a cellular mobile radio
system with cell plans including adjacent cells of substantially
different size.

Expressed somewhat simplified and in brief, the present inven-
tion is based on an idea to solve the problem with communication
in adjacent cells of different sizes by letting a mobile station
in some part of the border area receive information on a down-
link or forward channel from one base station and transmit
information on an uplink or reverse channel to a different base

4

station.

According to one aspect of the present invention decisions on
which base station to use for the downlink of a bidirectional
connection with a mobile station are made more or less indepen-
dently of which base station is used for the uplink of the
connection. According to a preferred embodiment decisions on
which base station to be used for the downlink of a bidirec~

. tional connection involving a mobile station are based on

downlink parameters including measurements of strength of radio
signals from base stations received at the mobile station.
According to a similar aspect of the present invention decisions
on which base station to use for the uplink of a bidirectional
connection with a mobile station are made more or less indepen-
dently of which base station is used for the downlink of the
connection. According to a preferred embodiment decisions on
which base station to be used for the uplink of a bidirectional
connection involving a mobile station are based on uplink
parameters including measurements of strength of radio signals
from the mobile station received at base stations.

According to still another embodiment of the invention a
plurality of base stations measure strength of radio signals



A¥ NN

10

15

20

25

30

9

received from the mobile station. When one base station receives
signals substantially stronger than the others, the highest
signal strength is used for controlling the output power of the
mobile station. According to a preferred embodiment . power
control commands are transmitted from the base station respon-
sible for the downlink even when the strength of signals
received at a different base station is used for mobile station
output power control.

Further aspects and embodiments of the invention will become
apparent to those skilled in the art after reading the detailed
description of drawings and embodiments.

Methods according to the invention may be implemented in various
types of mcdbile radio communication systems including CDMA
systems, FDMA systems and TDMA systems.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a mobile radio communication system with
cells of substantially equal size.

Figure 2 illustrates adjacent cells of substantially different
sizes in a cellular mobile radio communication system

Figure 3 illustrates some cells in a mobile radio system and two
paths of a mobile station moving between cells.

Figure 4 illustrates a flow chart for monitoring base and mobile
station communication.

DETAILED DESCRIPTION OF DRAWINGS AND EMBODIMENTS

Figure 1 illustrates ten cells, C1 to €10, of a cellular mobile
radio system. For each cell there is a corresponding base
station, Bl to B10. The base stations are situated in the centre
of the cells and have omnidirectional antennas. Mobile stations,
M1l to M10, are also shown. They may be small 1light-weight
battery powered portable stations or more bulky, vehicle
installed stations, powered by the vehicles electric power
system. The mobile stations may be moved within a cell and from
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one cell to another. A mobile switching centre, MsC, is con-
nected to all the base stations by cables or any other fixed
means, like a radio link. Some of these cables or means are
omitted in the figure for simplicity. The MSC is also connected
by cables or links to a fixed public telephone network or a
similar fixed communication network.

During operation the mobile stations will be in contact with the
fixed part of the system by transmission of radio signals to and
reception of radio signals from the different base stations.
Telephone calls, data communication links or other communication
paths may be set up between one mobile station and an other

‘mobile station in the system. Calls may also be set up to

mobiles in an other mobile radio system or to subscribers in the
fixed network. For the purpose of this application such tele-
phone calls and data communication links are all called connec-
tions irrespective if they originate in a mobile station or end
in a mobile station.

Figure 1 does not illustrate a complete normal mobile radio com-
munication system but only part of a a mobile radio communica-
tion system. Normally such a systenm will comprise more cells and
base stations than the illustrated ten. Also the number of
mobile stations will normally be much larger. Some cells of a
cellular system may be served by more than one base station. A
complete cellular mobile radio communication system may also
include more MSCs with connected base stations and the mobile
stations are usually free to communicate also via these. In some
systems the base stations are not connected directly to a MSC
but only to a base station controller BSC.' A plurality of base
stations are connected to one BSC. A plurality of BSCs are

connected to a MSC.

In figure 1 all cells have the same hexagonal shape and the same
size. Cells surrounded by other cells therefore have six
adjacent cells, e.g. cell Cl1 has adjacent cells C2 - C7. In
practice cells may have a different shape than hexagonal. Cells
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surrounded by other cells may then have more or less than six
adjacent cells.

A complete cellular system may also have some larger umbrella
cells each covering an area also covered by a group of smaller
cells. Base stations located in the vicinity of the cell
borders and with sector antennas are also common.

Figure 2 illustrates some cells and base stations of a cellular
mobile radioc system having cells of substantially different
size. The largest cell in figure 2 is cell Cl. The second
largest cells are C2, C3, C4 and C5. Cells C6, C7, C8 and C9 are
similar in size and slighly smaller than cells C2 - C5. A
plurality of small cells C 10 to C30 have about the same shape
and size and are the smallest cells illustrated.

For each cell in figure 2 there is a base station indicated by
a dot in the cell centre. The base station for any cell has the
same reference number as the cell, but for reasons of space no
base station reference numbers are indicated in fiqure 2.
However, the base station for cell Cl is Bl, the base stations
for cells C2-C5 are B2-B5 respectively, the base stations for
cells C6-Cl0 are B6-B1l0, etc.

If the cells illustrated in figure 2 belonged to a FDMA system
or a TDMA system there would be a plurality of communication
radio channels for transmission of radio signals comprising
information pertaining to connections. Depending on the kind of
connection such information could be speech information or data.
If the cells illustrated in figure 2 belonged to a CDMA system
there would be at least one forward wideband communication radio
channel and at least one reverse wideband communication radio
channel for transmission of radio signals including information
pertaining to connections. More wideband channels would be

possible.

For transmitting radio signals to a mobile station anywhere in
a particular cell the base station for that particular cell must
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be able to transmit radio signals having sufficient strength
when received by mobile stations located in the outskirts of
that particular cell. Since the cells in figure 2 have substan-
tially different sizes it is not necessary for a base station
for a small cell, e.g. base station B10 for cell C10, to be
capable of transmitting as strong radio signals as a base
station for a big cell, e.g. base station Bl for cell Cil. Of
course it would be possible to have base stations with the same
maximum output power for all the cells. However in order to
avoid or reduce unnecessary interference the base stations for
smaller cells will normally never transmit radio signals
stronger than necessary for communication with mobile stations
within the cell.

When there are plural mobile stations involved in connections in
the same cell, the base station for the cell might transmit on
a communication channel radio signals pertaining to a any
connection with the same output power to any mobile station
independently of the location of the mobile in cell. However it
is normally preferred to consider the path loss to a mobile
involved in a connection and not transmit on a communication
channel with more power than necessary for sufficient reception
at the mobile station.

In adddition to communication channels a system with the cells
illustrated in figure 2 would have at least one forward control
channel for each cell. A forward control channel is used for
broadcasting sysf_em information, paging of mobile stations,
setting up of connections and other general information not
unique to one connection.

A forward control channel is normally used by a base station for
transmission to more than one mobile station simultaneously.
Sometimes a forward control channel is used for transmission to
mobile stations in the cell with unknown location in the cell
and therefore unknown path loss. In order to enable any mobile
station in a cell to receive signals on a forward control
channel with sufficient strength the output power of radio
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signals transmitted on a control channel from a base station for
a cell is therefore normally adapted to the size of the cell. In
a mobile system according to figure 2 a base station for cell Ci1
would therefore transmit the strongest control channel radio
signals, the base stations for cells C2-C5 would transmit the
second strongest control channel radio signals, the base
stations for cells C6-C9 would transmit control channel signals
slightly weaker, and the base stations for cells C10-C30 would
transmit the weakest signals on their control channels.

In some kinds of systems there are other kinds of control
channels transmitting with a power independent upon the location
of any mobile in the cell. One type of such control channel are
pilot channels transmitting phase and frequency reference
signals enabling frequency control ‘and timing of mobiles.

Figure 3 illustrates one giant cell Cl1 surrounded by a plurality
of small cells C2-Cl13. Parts of another three cells Cl4, C15 and
Cl6 are also illustrated. Base station Bl for cell Cl transmits
control channel radio signals with a much higher output power
than the output power control radio channel signals transmitted
by any other base station for a cell C2-Cl6. The cell border
lines between adjacent cells are illustrated as straight lines
in figure 3. At a cell border line between two adjacent cells
the signal strength of control radio signals transmitted from
one base station for one cell is equally as strong as the signal
strength of control radio signals transmitted from the base
station for the other cell.

Illustrated with fractional lines in figure 3 are also a diffe-
rent kind of border lines between adjacent cells. If a mobile
station would transmit radio signals from an omnidirectional
antenna at a location on a fractional line in figure 3, the
strength of the signals when received at the base station for
the cell on one side of the line would be equally as strong as
the signal strength of the signals when received by the base
station for the cell on the other side of the line. Another way
of expressing substantially the same thing would be to say that
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on a fractional line between two adjacent cells, the path loss
to the base stations for the cells are equal. The fractional
lines may therefore be called path loss border lines.

Since the cells C2-Cl13 in figure 3 have the same size, their
base stations normally transmit radio signals on their control
channels with the same output power. The cell border lines and
most of the path loss border lines between any adjacent pair of
the cells C2-Cl3 will therefore coincide. However, cell C1 is
much greater than any of the cells C€2-Cl3 and the output power
of control channel radio signals from base station Bl is much
stronger than the output power of control channel signals from
any of the base stations B2-Bl3. The path loss border lines
between cell Cl any any of cells C2-C13 do therefore not
coincide with the cell borders between cell Cl and the cells C2-
Cl3. For this reason also part of the path loss border lines
between any two adjacent cells C2-C13 are visible inside cell
C1l.

The straight cell border lines and the straight path loss border
lines of figures 1-3 are only achieved under ideal conditions
where propagation loss is a function of the distance only. In a
real system radio signal shaddowing and fading causes deviation
from straight border line patterns, but for the purpose of
explaining the invention this may be disregarded in this
disclosure.

According to the present invention more than one base station
may sometimes be used simultaneously for a bidirectional
connection involving a mobile station. According to the inven-
tion this would normally be the case for a mobile station well
within the area between the path loss border lines and the cell
borders of adjacent cells of different sizes. Sometimes it would
also be true for a mobile station at the border lines or outside
the border line area but close to a border line.

According to some embodiments of methods according to the
invention the MSC takes decisions on which base station shall be
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responsible for transmission of radio signals comprising
information pertaining to the connection to a mobile. This may
be called forward channel or downlink handoff decisions or
control. The MSC also takes decisions on which base station
shall be responsible for receiving the radio signals comprising
information pertaining to the connection transmitted by a
mobile, and consequently which base station shall be responsible
for forwarding to the MSC the information pertaining to the
connection. This may be called uplink or reverse channel handoff
decisions or control.

The MSC monitors the uplink and compares uplink parameters with
desired uplink parameter values or thresholds. The MSC also
monitors downlink parameters with desired downlink parameter
values ot thresholds. When uplink handoff between a larger cell
and a smaller cell is desirable in view of uplink parameter
values, the MSC tries to perform uplink handoff between a
smaller and a larger cell independently of downlink handoff.
When downlink handoff between a smaller cell and a larger cell
is desirable in view of downlink parameter values, the MSC tries
to perform downlink handoff between a larger cell and a smaller
cell independently of uplink handoff.

The MSC makes handoff decisions based on parameters including
estimated signal strength. Normally also other parameters and
ci;guﬁétances are considered by the MSC when taking decisions to
handoff or not to handoff. One obvious matter to consider is of
course whether an intended base station is capable of communi-
cation with a mobile station in view of interference and its
communication with other mobile stations. For the purpose of
explaining some embodiments of the present invention and making
it easier to understand the present invention it will first be
assumed that interference and communication with other mobile
stations do not prevent decisions on responsibility and handoff
based solely on estimated signal strength. However, it should be
understood that this is a simplification and the performance of
a system will sometimes be poor if interference and communi-
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cation with other mobile stations is neglected in connection
with handoff decisions and control.

For the purpose of downlink handoff control the MSC orders base
stations responsible for the downlink to transmit downlink
signal strength measuring orders to mobile stations. Such a
measuring order include information on which base station
control channels the strength of signals should be measured.
Normally the control channels to be measured are the control
channels of the base station responsible for the downlink to the
mobile and the base stations for the cells adjacent to the cell
of the downlink base station.

The mobile station measures the strength of radio signals on the
base station control channels indicated and reports estimated
signal strength to the base station responsible for the uplink.
This base station forwards information from mobile stations on
signal strength to the MSC. If the strength of control channel
radio signals from any base station are reported to be suf-

. ficiently strong in relation to the signal strength of the base

station responsible for the downlink and the other base statio-
né, the MSC may consider handoff. However, in order to avoid
unnecessary frequent handoffs when a mobile station moves along
a cell border, MSC does not initiate handoff until the strength
of control signals from the a base station are substantially
stronger than the strength of control signals from the base
station responsible for the downlink and also at least as strong
as the signals from the other base stations. As soon as the
signal strength from a base station exceeds the strength of the
responsible base station with a downlink handoff margin, the MSC
initiates handoff of the downlink. The MSC then tries to
allocate a free downlink at the base station whose signals are
received strongest at the mobile station. If the MSC finds a
free downlink it decides to handoff the downlink from the
responsible base station to the base station with the strongest
signals. The MSC then orders the responsible base station to
transmit a downlink handoff command to the mobile station.
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For the purpose of uplink handoff control the MSC sends uplink
signal strength measuring orders to base stations, ordering them
to measure strength of received signals transmitted by mobile
stations and to report estimated signal strength to the MSC.
Such uplink measuring orders include information on which mobile
station signals the strength should be measured and reported.
Normally the base station responsible for the uplink to a mobile
and the base stations for cells adjacent to the cell of the
uplink responsible base station are ordered to measure strength
of signals received from that mobile.

The base stations measure the strength of radio signals from the
mobiles and report estimated signal strength to the MSC. If the
strength of signals measured by any base station, other than the
base station responsible for the uplink, are reported to be
sufficiently strong in relation to the signal strength reported
by the base station responsible for the upnlink, the MSC may
consider uplink handoff. However, in order to avoid unnecessary
frequent hahdoff_s when a mobile station moves along a path loss
border, the MSC does not initiate handoff until the strength of
signals received by a base station are substantially stronger
then the strength of signals reeived by the base station
responsible for the uplink. As soon as the signal strength
estimated by a base station exceeds the strength estimated by
the responsible base station with an uplink handoff margin, the
MSC initiates handoff of the uplink. The MSC then tries to
allocate a free uplink at the base station receiving the
strongest signals from the mobile station. If the MSC finds a
free uplink it decides to handoff the uplink from the respon-
sible base station to the base station receiving the strongest
signals. The MSC then informs the base station receiving the
strongest signals about the decided uplink handoff. The MSC also
orders the responsible base station to transmit an uplink
handoff command to the mobile station.

Those skilled in the art know that an appropriate handoff format
and the appropriate information in a handoff command depend on
the kind of mobile radio system, e.g. whether the system is a
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FDMA or a TDMA or CDMA syétem. The present invention may be
implemented in various kinds of cellular mobile radio communi-
cation systems. Information on handoff commands and their
formats for various systems may be found in the system specifi-
cations. For the purpose of understanding this invention it is
sufficient to know the handoff command transmitted by the
responsible base station identifies the new base station to be
responsible for the downlink or uplink and also identifies the
downlink or uplink to be used for the connection after handoff.
In a FDMA system the uplink or downlink will be a radio channel,
in a TDMA system a time slot of a radio channel, and in a CDMA
system a code and possibly also a wideband channel.

The MSC is also responsible for contreol of mobile station radio
signal output power. According to one preferred embodiment there
is one or more desired signal strength values or a signal
strength target value. The MSC compares the estimated strength-
of radio signals from a mobile station received by the base
station responsible for the uplink with at least one desired
signal strength or taget value. In response to the result of the
comparison the MSC may order the base station responsible for
the downlink to send either a power increase command or a power
reduce command to the mobile station. Upon receiving such
commands the mobile station adjusts its output power, if
possible. |

For the purpose of explaining some embodiments of the present
invention it will now be assumed a mobile station Mx starts at
location A in cell €2 of figure 3, moves to B in cell C2 and to
D in cell Cl1, continues to E and F in Cl1 along the path in-
dicated in figure 3, and arrives in the indicated location G in
Cl of figure 3. It will also be assumed the mobile station
thereafter moves back along the same path from location G in C1
to location A in C2. When returning along the path the mobile
station passes the locations F, E, D and B.

Procedures for -setting up connections in mobile radio systems
are well known to those skilled in the art. The setting up of
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connections does not constitute an element of the present
invention. It is therefore assumed a bidirectional connection
involving the mobile station Mx has already been set up when the
mobile station Mx is at location A. The base station B2 is
responsible for the communication with Mx and transmits radio
signals including information pertaining to the connection to

~ the mobile station Mx.

At the location A, the mobile station Mx receives the radio
signals transmitted by the mobile station B2 and estimates the
strength. The mobile station Mx also estimates signal strength
of radio signals transmitted by one or more other base stations
determined by the MSC. At the location A those base stations
would normally be the base stations for all cells adjacent to
cell €2, which are Bl, B3, B15, Bl4 and B13. Since A is located
very close to base station B2 but remote from all other base
stations, the strength of radio signals from base station B2 are
much stronger when received by Mx than the radio signals from
any other base staﬁion that the mobile station Mx may receive.
E.g. the radio signals received from Bl, B3, Bl15, Bl4 and B13
are much weaker than the radio signals from B2.

The mobile station Mx transmits radio signals including infor-
mation pertaining to the connection. The radio signals transmit-
ted by the mobile station Mx also comprise information on
estimated signal strength for radio signals from base stations.

The radio signals transmitted by Mx are received by the base
station B2. Base station B2 measures the strength of the
received radio signals transmitted by Mx. The information
pertaining to the connection and the information on estimated
signal strength is forwarded by the base station B2 to the MsSC.
B2 also estimates the signal strength of radio signals transmit-
ted by other mobile stations determined by the mobile switching
centre MSC. B2 forwards to the MSC information on estimated
signal strength of radio signals from mobile stations. '
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The estimated strength of radio signals transmitted by Mx and
received by B2 is used by the MSC for control of the output
power of the radio signals transmitted by Mx. The MSC compares
the estimated strength with at least one desired or threshold
value. Depending upon the result of the comparison, the MSC
orders B2 to include a power change command in the radio signals
transmitted by B2 to Mx. In this way the strength of the radio
signals transmitted by Mx may be increased or decreased to more
or less counteract the path loss. Thus, if desired the strength
of the radio signals from Mx may be substantially the same when
arriving at B2 almost independently of the location of Mx in C2.

When Mx is at the location A it is therefore assumed the MSC has
ordered Bl-B3 and Bl3-Bl15 to estimate the strength of radio
signals transmitted by Mx. When Mx is at A, B2 receives much
stronger radio signals from Mx than any of the other base
stations. Furthermore Mx receives much stronger radio signals
from B2 than from any other base station. B2 is responsible for
transmitting information pertaining to the connection to Mx.
This may also be expressed as B2 being responsible for the
downlink or forward channel to Mx. Furthermore at A, B2 is also
responsible for receiving and forwarding to the MSC information
from Mx pertaining to the connection. This may also be expressed
as B2 being responsible for the uplink or reverse channel from
Mx. In view of the estimated strength of signals reported to the
MSC there is no reson for changing the responsiblity for the
uplink channel. Neither is there any reason for changing the
responsibility for the downlink channel. Accordingly the MSC
takes no decision to change the responsibility or to initiate
handoff when Mx is at location A. Since A is very close to B2
the output power of the radio signals transmitted by Mx is
comparatively very low.

As Mx moves along the indicated path from A to B the strength of
radio signals from B2, B13, Bl4 and B1l5 are decreasing, the
strength of radio signals from B3 are almost unchanged but the
strength of radio signals from Bl is increasing. However, the
estimated strength of radio signals transmitted by B2 is sub-
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stantially stronger than the estimated strength of radio signals
from Bl, B3, B13, Bl4 and B15 along the path from A to B.

As Mx moves along the indicated path from A to B its distance to
B2 increases. If Mx continued to transmit with the same output
power all the time it moved along the path from A to B, the
strength of the radio signals from Mx received by B2 would
decrease. However, a power control function is performed by the
MSC. As Mx moves from A to B along the path MSC will order B2 to
transmit power increase commands with the radio signals to Mx in
order to make Mx increase the output power of transmitted radio
signals. In this way the strength of the radio signals transmit-
ted by Mx may be increased to compensate for the increased
propagation loss as MS moves away from B2. Due to the power
control the strength of the radio signals from Mx when arriving
at B2 is more or less the same as Mx moves along the path from
A to B.

As Mx moves along the path from A to B the strength of the radio
signals from Mx when arriving at Bl is increasing. There are two
reasons for the increase. A first reason is that the distance
from Mx to Bl decreases as Mx moves along the path from A to B.
A second reason is that the strength of the radio signals
transmitted by Mx is increased by the power control performed by
B2 and MSC. However, when Mx arrives at location B the estimated
strength of the radio signals from Mx is much smaller when
received by Bl and any other base station than when received by
B2. In view of the signal strength estimated by Mx and Bl and B2
and other base stations reported to MSC there is no need for any
handoff and the MSC takes no decision to change the responsi-
bility by initiating any handoff. Consequently B2 continues to
be responsible for both uplink and downlink channel as Mx moves
along the path from A to B.

As Mx moves from B to D it passes the indicated cell border
where the signals from BS2 received by Mx will be equally as
strong as the signals from BS1 received by Mx. When Mx arrives
at D the estimated strength of radio singnals from Bl will be
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substantially stronger than the estimated strength of radio
signals from B2 and any other base station and the difference in
estimated signal strength exceeds a downlink handoff margin.
This is detected by the MSC when analysing the measurement
reports and MSC initiates downlink handoff. The MSC tries to al-
locate a free downlink channel in cell Cl. If a free downlink
channel is found, the MSC decides to handoff the downlink
channel from B2 to Bl and instructs B2 to include a handoff
command in its signals transmitted to Mx.

After the downlink handoff at D, Bl is now responsible for the
downlink channel of the connection involving Mx. The respon-
sibility for the uplink channel of the connection has not yet
been handed off. Thus, B2 is still responsible for the uplink
channel. It should be noted that in this situation one base
station is responsible for one direction of a bidirectional
connection, i.e. the downlink channel, but a different base
station is responsible for the other direction of the same
connection, i.e. the uplink channel.

For handoff control of the downlink channel, Mx continues to
measure the received signal strength from Bl and other base
stations determined by the MSC, normally the base stations of
all cells adjacent to Cl, which are B2~-Bl13. Mx also continues to
report the measured values to the MSC in its signals transmitted
to B2. For handoff control of the uplink, B2 and other base
stations determined by the MSC, normally all base stations for
cells adjacent to cell C2, measures the received signal strength
from Mx and report it to MSC. Since at location D, B2 receives
substantially stronger signals from Mx than any of Bl, B3, B13,
Bl4, Bl1l5 does, no action is taken regarding the uplink channel.

As Mx moves along the indicated path from D to E, B2 continues
to be responsible for the uplink channel. The MSC performes the
power control function which will increase the Mx output power
to compensate for the increased propagation loss as Mx moves
away from B2. However, the MSC now orders Bl to send the power
control messages to Mx, since Bl is responsible for the downlink
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channel of the connection and transmits radio signals comprising
information pertaining to the connection to Mx.

As Mx moves along the path from E to F it passes the path loss
border where the signals from Mx received by Bl will equally as
strong as the. signals from Mx received by B2. The signals
received by other base stations, e.g. B3 and Bl13, are much
weaker. When Mx arrives at F the estimated strength of radio
singnals from Mx received by Bl will be substantially stronger
than the estimated strength of radio signals from Mx received by
B2 and any other base station and the difference in estimated
signal strength exceeds an uplink handoff margin. This is
detected by the MSC when analysing the measurement reports. The
MSC then initiates handoff and tries to allocate a free uplink.
in Cc1. If a free uplink is found MSC decides to handoff the
responsibility for the uplink from B2 to Bl and sends an uplink
handoff order instructing Bl to include an uplink handoff
command in its signals transmitted to Mx. The uplink handoff
margin may be the same as or different from the downlink handoff
margin.

After this handoff of the uplink channel, Bl is now responsible
for both the downlink and the uplink of the connection. For
handoff control of the downlink, Mx continues to measure the
total received signal strength from Bl and other base stations
determined by the MSC, normally the base stations B2-Bl13, and
reports the measured values to Bl. For handoff control of the
uplink Bl and other base stations determined by the MSC,
normally all base stations for all cells adjacent to cell C1,
continues to measure the received signal strength from Mx and
report them to the MSC.

As Mx moves along the indicated path from F to G, Bl continues
to be responsible for both the downlink and the uplink channel
of the connection. The MSC performes the power control function.
Since Mx is approaching Bl, the strength of signals from Mx
received by Bl would increase with the decreasing distance, if
Mx continued to transmit with the same output power all the time
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along the path from F to G. This is normally not desired..
Instead it is normally desired to receive signals from Mx with
substantially the same strength irrespective if Mx is at F or G
or somewhere along the path between F and G. In order to compe-
nsate for the decreased propagation loss as Mx moves towards B1,
the MSC compares the estimated strength of the radio signals
received by Bl from Mx with one or more desired or threshold
values. In response to the result of the comparisons, the MSC
orders Bl to include power reduction commands in its signals
transmitted to Mx. Thus the output power of the radio signals
transmitted by Mx is reduced as Mx moves along the path from F
to G.

As Mx moves from F to G the strength of signals received by Mx
from Bl continues to be stronger than the strendgth of radio
signals received by Mx from B2 and any other base station.
Furthermore the radio signals from Mx received by Bl continues
to be stronger than the radio signals from Mx received by any
other base station. Accordingly there is no need for any handoff
and the MSC does not decide or initiate any handoff of the up-

1ink or downlink channel as Mx moves along the path from F to G.

As Mx moves back along the path from G to F, Bl continues to be
responsible for both the domnlink and the uplink. The power
control function is performed by MSC using Bl for commands. The
commands will urge Mx to increase the output power to compensate
for the increased propagation loss at Mx moves away from Bl. The
radio signals received by Mx from Bl continue to be substantial-
ly stronger than the radio signals received by Mx from B2 and
any other base station. The radio signals received by Bl from Mx
continue to be substantially stronger than the radio signals
from Mx received by B2 or any other base station, so no handoff
action is taken.

As Mx moves from F to E it passes the path loss border where the
signals from Mx received by Bl are equally as strong as the
signals from Mx received by B2. At the point where the path
crosses the border, the signals from Mx received by any other



. e

10

15

20

25

30

35

25

base station than Bl or B2, e.g. B3 and B13, are substantially
weaker than the signals from Mx received by Bl or B2. After
crossing the path loss border the signals from Mx received by B2
become stronger than the radio signals from Mx received by Bl.
When Mx arrives at E, the difference between the estimated
signal strength at B2 exceeds the estimated strength at Bl with
the uplink handoff margin. This is detected by the MSC when
analysing the measurement reports. The MSC then initiates
handoff of the uplink channel from Bl to B2. The MSC tries to
allocate a free uplink in B2 and sends au uplink handoff command

to Mx via B1l.

After uplink handoff at E, B2 now has the responsibility for the
uplink channel of the connection between MSC and Mx. However, Bl
is still responsible for the downlink channel of the connection.
For handoff control of the downlink channel, Mx continues to
measure the total received signal strength from Bl and all base
stations for all cells adjacent to Bl, and reports the measured
values to MSC via BSl. For handoff control of the uplink
channel, B2 and the base stations for all cells adjacent to C2
measure the received signal strength from Mx and report to MSC.
Since at this location E, the signals received by Mx from Bl are
substantially stronger than the radio signals received from all
other base stations, e.g. B2 and B3 and B13, no handoff action
is taken on the downlink channel of the connection.

As Mx moves from E to D along the illustrated path, B2 is
responsible for the uplink channel of the connection. MSC
performs the power control function which will decrease the Mx
output power to comensate for the decreased propagation loss as
Mx moves towards B2. The power control messages are now sent
from to Mx via Bl, since Bl is still responsible for the
downlink of the connection.

As Mx moves along the path from D to B it passes the cell border
where the received signals from B2 are equally as strong as the
received signals from Bl. After crossing the border the signals
received by Mx from B2 becomes stronger than the signals
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received by Mx from Bl. When Mx arrives at location B, the
strength of the signals from B2 exceed the strength of the
signals from Bl and any other base station with the the downlink
handoff margin. This is detected by MSC when analysing the
measurement reports. MSC then initiates handoff of the downlink
channel of the connection from Bl to B2. The MSC allocates a
free downlink channel channel in B2 and sends a handoff command
to Mx wvia Bl.

After handoff of the responsibility for the downlink channel at
B, B2 is now responsible for both the downlink channel and the
uplink channel of the connection involving Mx. For handoff
control of the downlink channel, Mx measures the strength of
radio signals received from B2 and the base stations for the
‘cells adjacent to C2, and reports the measured values to BS2.
As Mx moves from B to A, B2 continues to be responsible for both
the uplink and the downlink of the connection. The power control
function is performed by MSC. MSC will order B2 to send power
decrease messages in order to decrease the Mx output power to
compensate for the decreased propagation loss as Mx moves
towards B2. The signals received by Mx from B2 continue to be
stronger than those received from Bl and any other base station,
so no handoff action is taken.

For the purpose of explaning a somewhat different communication
and handoff situation it will now be assumed a mobile station Mx
starts at 1location A in cell C2, continues as previously
described along the path to locations B and to D. However, after
leaving location D the mobile station Mx does not follow the
path all the way to E but follows the dotted path to H, J and
stops at K. In brief the following things will then happen.

At location H the strength of radio signals from Mx received by
B3 are almost as strong as the strength of radio signals
received by B2. The radio signals received by Bl are weaker than
both the signals received by B2 and the signals received by B3.
When Mx crosses the path loss border line between H and J the
signals from Mx received by B2 and B3 are equally as strong and
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substantially stronger than the signals from Mx received by Bl
and any other base station. After crossing the path loss border
the signals received by B3 will become stronger than the signals
received by B2 and substantially stronger than the signals
received by Bl. When arriving at J the strength of signals
received by B3 exceed the strength of signals received by B2
with the handoff margin. At J the strength of signals received
by B3 exceed the strength of signals received by Bl with more
than the handoff margin. The MSC notifies this and orders a
handoff of the uplink channel from B2 to B3 when Mx has arrived
at J.

Oon the path from J to K the radio signals received by B3
continue to be substantially stronger than the radio signals
received by Bl and B2 and any other base station. The MSC
therefore takes no action to initiate any handoff of the uplink
channel.

The radio signals received by Mx from Bl continue to be substan-
tially stronger than the radio signals received by Mx from B2
and B3 and any other base station all the time Mx moves from D
to K. The MSC notifies this and takes no action to intiate any
handoff of the downlink channel as Mx moves from D to K.

- A flow chart for the major operations of a MSC relation to

methods according to the invention is illustrated in figure 4.
MSC allocates individual index numbers to all mobile stations
involved in a connection supervised by the MSC. The numbers
begin with 1. When a connection is disconnected on ceases to be
supervised by the MSc the index number is withdrawn from the
mobile station. The mobile then having the highest number is
given the withdrawn number instead of its previous number in
order to eliminate unused numbers. MSC keep track of the highest
number allocated to a mobile whose connection is supervised by
the MSC.

The following abbreviations are used in the flow chart:
i = jindex number of mobile station
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N = . highest index number for any mobile station

My, = mobile station with index i

X = 1index for base station responsible for uplink from M,
Y = index for base station responsible for downlink to Mi
z = index for any base station with highest signal strength
B, base station with index x

By = base station with index y

Bz = base station with index 2z

PBz,i = maximum signal strength from Mi at Bz

PMz,i = maximum signal strength from B, at Mi

PBx,i = recieved signal strength from M, at B,

PMy,i = recieved signal strength from BY aft Mi

HMd = downlink handoff margin

HMu = uplink handoff margin

In view of the previoué disclosure of the operation of MSC for
the purpose of handoff and power control and the previous
disclosure of activities when Mx moves along the paths in figure
3, it is assumed that no further explanation of the flow chart
is necessary.

In the embodiments described so far the MSC has been responsible
for the power control. The comparisons between estimated signal
strength and at least one desired value has been done in the
MSC. Whenever there is a need for increasing or decreasing the
output power of the mobile station, the MSC has ordered the base
station responsible for the downlink or forward channel to
transmit a power increase or power decrease commands to the
mobile station. Within the scope of the invention it is possible
to let a BSC or a base station responsible for the uplink or
reverse channel to make comparisons and decide whether there is
a need for increasing or decreasing the outpﬁt power of the
mobile station. When this base station is also responsible for
the downlink or forward channel it may on its own initiative
transmit power control commands to the moblile station. If an
other base station is responsible for the downlink or forward
channel the base station responsible for the uplink channel may
send to the BSC or MSC a request for transmission of mobile



10

15

20

25

30

35

29

power control command transmission from the other base station.
The MSC will then request the other base station to transmit
such a command.

So far it has been assumed a desired handoff is not prevented by
interference or for other reasons. If a desired uplink or
downlink handoff to the base station with the highest strength
is not possible, e.g. because there is no free uplink or
downlink channel, the responsibility may be handed off to the
base station with the second highest strength, if this strength
is substantially stronger than that of the responsible base
station. Alternatively no handoff is done if there is no free
uplink or downlink at any base station with higher strength than
the responsible base station.

In most cellular mobile radio communication systems, a base
station who ceases to be responsible for the downlink immedia-
tely ceases to transmit radio signals comprising information
pertaining to the connection. A base station who ceases to be
responsible for the uplink immediately ceases to forward to its
BSC or MSC information pertaining to the connection received
from the mobile station. Embodiments of methods according to the
invention may be implemented in such systems. However, for the
purpose of avoiding misunderstandings, embodiments of the
invention may also be implemented in mobile radio communication
systems using base station transmitter diversity and handover
methods according to the published European patent application
0335846 and 0347396. Thus, during downlink handoff and a limited
time after downlink handoff both the old base station previously
responsible for the downlink and the new base station subse-
quently responsible for the downlink may transmit to a mobile
station radio signals comprising the same information pertaining
to the connection involving the mobile. During uplink handoff
and a limited time after uplink handoff both the old base
station previousiy responsible for the uplink and the new base
station subsequently responsible for the uplink may receive from
a mobile station radio signals comprising the same information
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pertaining to a connection involving the mobile, and forward the
same information to the BSC or MSC.

Under certain circumstances it might be preferable to implement .

in a method according to the invention tranmitter diversity
and/or receiver diversity among base stations even when there
has not recently been any handoff. When implementing transmitter
diversity both a base station responsible for the downlink and
another base station transmit substantially the same information
pertaining to the connection to the mobile station. According to
one preferred embodiment base station transmitter diversity is
implemented when the strength of radio signals received by the
mobile station from different base stations are substantially
equally strong or the difference in strength does not exceed a
particular transmitter diversity threshold.

When implementing receiver diversity both a base station respon-
sible for the uplink and another base station receive the radio
signals pertaining to the connection from the mobile station and
forwards information therein to the appropriate BSC or MSC.
According to one preferred embodiment base station receiver

-diversity is implemented when the strength of corresponding

radio signals from a mobile station received by different base
stations are substantially equally strong or the difference in
strength does not exceed a particular receiver diversity
threshold.

Selection of a base station responsible for the uplink of a
bidirectional connection different from the base station
responsible for the downlink of the connection has so far been
descibed only at handoff. However, according to the invention
independent selection of base station responsible for uplink of
a bidirectional connection and selection of base station
responsible for the downlink of the connection may also be
performed at call set up. Thus a call set up procedure for a
bidirectional connection according to the invention may end up
in a communication where the base station responsible for the
downlink of the connection is different from the base station
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responsible for the uplink of the connection. Embodiments of

such call set up procedures will now be described assuming a

mobile station located somewhere the path between locations D
and E in figure 3 is involved in the connection as being either
a calling party or a called party. The other party to the
connection may also be a mobile station or a subscriber to a
fixed switched network, e.g. a normal telephone or a data

terminal connected to a PSTN.

Before any connection can take place the mobile station must
select a base station from which it may receive possible page
messages or control information. In idle mode a mobile station
receives and measures the signal strength of radio signals
transmitted by base stations on their control channels. The
mobile station selects the base station control channel with the
strongest radio signals. In this case Bl is selected for
receiving possible page messages or control information.

When receiving radio signals on control channels of base station
the mobile station receives the information broadcasted on the
control channels of base stations. Based on parameters included
in this information as well as the measured signal strengths the
mobile station then selects a base station to which it may
transmit messages and information. The mobile station selects
the base station which requires the lowest output power of radio
signals from the mobile station. In this case B2 is selected.

If the broadcasted information indicates that base station Bl
belongs to another location area than the one where the mobile
station is previously registrated, the mobile station must make
a new registration. The mobile station then transmitts an access
message to base station B2 on the control channel of B2,
indicating that the mobile station is receiving the control
channel from base station Bl. This message is forwarded by the
base station B2 to MSC. The MSC checks if there are any free
traffic channels' at base stations Bl and B2. The MSC may check
base station Bl first and subsequently base station B2 or vice
versa. If such traffic channels are available the MSC first
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allocates a downlink traffic channel at base station Bl and
subsequently an uplink traffic channel at base station B2.
Alternatively the MSC may first allocate an uplink traffic
channel at base station B2 and subsequently a downlink traffic
channel at base station Bl. The allocation of downlink and
uplink channels may also be made simultaneously by deciding upon
a pair of traffic channels.

Using the allocated traffic channels for signalling, the actual
registration will now be performed in accordance with the
particular procedures of the mobile system with the excception
that base station Bl is responsible for transmitting registrat-
ion messages to the mobile station but base station B2 is
responsible for receiving registration messages from the mobile
station. The invention may be implemented in various known
systems and they have more or less different registration pro-
cedures. Such procedures in known systems are known per see and
do not constitute part of the present invention. It is obvious
to one skilled in the art how the remaining registration steps
should be adapted to the fact that different base stations are
responsible for the uplink and the downlink. Accordingly there
is no need to describe such registration procedures here. Ther
mobile station is therefore now considered registrated in the
location area which includes base station Bl.

In the first case to be described the mobile station is the
calling party. The process of setting up a connection starts
when the subscriber of the mobile station dials the number of
the called party and presses the "send" key on his mobile
station. The mobile station then transmitts an access message to
the selected base station B2 on its control channel, indicating
that a connection is required using B2 for the uplink and Bl for
the downlink. The access message is forwarded by B2 to MSC. The
MSC checks whether there are any free traffic channels at Bl and
B2. The MSC may check Bl first and subsequently B2 or vice
versa. If such traffic channels are available the MSC first
allocates a downlink traffic channel at Bl and subsequently an
uplink traffic channel at B2. Alternatively the MSc may first
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allocate an uplink traffic channel at B2 and subsequently a
downlink traffic channel at Bl. The allocation of downlink
traffic channel and uplink traffic channel at MSC may also be
made simultaneous by deciding upon a pair of traffic channels.

After traffic channel allocation the MSC orders Bl to transmit
a channel allocation command to the mobile station on the
control channel of Bl. The channel allocation command indicates
Bl is now responsible for the downlink channel and B2 for the
uplink channel of the desired connection involving the mobile
station. The channel allocation command also indicates the
allocated traffic channels to be used for the connection.

The remaining steps for call set up between the mobile sub-
scriber and the other subscriber are in accordance with the
particular procedures of the mobile telecommunication system
with the exception that Bl is responsible for transmitting call
set up messages and information to the mobile station but B2 is
responsible for receiving call set up messages or information
from the mobile station. The invention may be implemented in
various known systems and they have more or less different call
set up procedures. Such procedures in known systems are known
per see and do not constitute part of the present invention. It
is obvious to one skilled in the art how the remaining call set
up steps should be adapted to the fact that different base
stations are responsible for the uplink and the downlink.
Accordi.ngly there is no need to describe such call set up
procedures here.

In the second case to be described the mobile station is the
called party, i.e. the mobile station is located somewhere along
the path between locations D and E in figure 3 and another
party, e.g. another mobile station or a subscriber to a PSTN,
desires a bidirectional connection involving the mobile station.

The process of setting up a connection starts when a call to the
mobile station arrives at MSC. The MSC then orders transmission
of a page message on the control channels of all base stations
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belonging to the location area where the mobile station is
registered, including Bl. When the mobile station receives the
page message it responds by transmitting an a¢cess message to
the selected base station B2 on its control channel, indicating
that a connection is required using B2 for the uplink and Bl for
the downlink.

The access message from the mobile station is forwarded to MsSC.
The MSC checks whether there are any free traffic channels at Bl
and B2. The MSC may check Bl first and subsequently B2 or vice
versa. If such traffic channels are available the MSC first
allocates a downlink traffic channel at Bl and subsequently an
uplink traffic channel at B2. Alternatively the MSC niay first
allocate an uplink traffic channel at B2 and subsequently a
downlink traffic channel at Bl. Thé allocation of downlink
traffic channel and uplink traffic channel by MSC may also be
made simultaneous by deciding upon a pair of traffic channels.

After allocation of uplink and downlink traffic channels the MSC
orders Bl to transmit a channel allocation command to the mobile
station on the control channel of Bl. The channel allocation
command indicates Bl is now responsible for the downlink channel
and B2 for the uplink channel of the connection involving the
mobile station. The channel allocation command also indicates
the allocated traffic channels.

The remaining steps for call set up between the mobile sub-
scriber and the other subscriber are in accordance with the
particular procedures of the mobile telecommunication system
with the exception that Bl is responsible for transmitting call
set up messages and information to the mobile station but B2 is
responsible for receiving call set up messages or information
from the mobile station. The invention may be implemented in
various known systems and they have more or less different call
set up procedures. Such procedures in known systems are known
per see and do not constitute part of the present invention. It
is obvious to one skilled in the art how the remaining call set
up steps should be adapted to the fact that different base
stations are responsible for the uplink and the downlink.
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Accordingly there is no need to desc¢ribe such call set up
procedures here.

In a FDMA system a control channel or a traffic channel may be
an entire radio frequency band of e.g. 20 kHz. In a TDMA system
a control channel may be an entire radio frequency band or
plural time slots of a radio frequency band, while a traffic
channel may be a time slot of a frequency band. In a CDMA system
a control channel or a traffic channel may be a particular code.

The embodiments of methods according to the invention described
so far are only examples of embodiments of methods accoding to
the invention and should not be interpreted as the only possible
embodiments. Other embodiments within the scope of the claims
are possible but not herein disclosed. E.g. instead of using
radio signals the mobile system may use other kinds of signals.
Such other signals may preferably be optical signals
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CLAIMS
1. A method of bidirectional communication in a cellular mobile
telecommunication system having plural cells and a base station
for each cell, wherein a base station used for a downlink of a
bidirectional connection involving a mobile station may be
different from a base station used for the uplink of the
bidirectional connection.

2. A method according to claim 1 comprising the steps of:
determining a first base station to be responsible for the
downlink of a connection to be set up; and

determining a second base station different from the first base
station to be responsible for the uplink of the connection to be

set up.

3. A method according to claim 1 comprising the steps of:
determining a first base station to be responsible for the
uplink of a connection to be set up; and

determining a second base station different from the first base
station to be responsible for the downlink of the connection to
be set up..

4. A method according to claim 1 in a system comprising a larger
cell and a smaller cell, wherein the base station for the larger
cell is made responsible for the downlink of the connection and
the base station for the smaller cell is made responsible for
the uplink of the connection.

5. A method according to claim 1 comprising the steps of:
monitoring the uplink of the connection and comparing uplink
parameter values with desired uplink parametef values; and
when uplink handoff between a first cell and a second cell is
desirable in view of uplink parameter values, performing handoff
of the uplink of the connection between the first cell and the
second cell independently of handoff of the downlink of the

connection.

6. A method according to claim 1 comprising the steps of:
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monitoring the downlink of the connection and comparing downlink
parameter values with desired downlink parameter values; and
when downlink handoff between a first cell and a second cell is
desirable in view of downlink parameter values, performing
handoff of the downlink of the connection between the first cell
and the second cell independently of handoff of the uplink of
the connection.

7. A method according to claim 1 wherein:

a base station for a first cell is made responsible both for the
downlink of the connection and for the uplink of the connection;
the downlink of the connection is monitored and downlink
parameter values are compared with desired downlink parameter
values; and

when handoff of the responsibility for the downlink of the
connection from the base for the first cell to a base for a
second cell different from the first cell is desirable in view
of downlink parameter values, performing handoff of the respon-
sibility for the downlink of the connection to the base station
for the second cell without changing the responsibility for the
uplink of the connection.

8. A method according to claim 1 wherein:
a base station for a first cell is made responsible both for the

-downlink of the connection and for the uplink of the connection;

the uplink of the connection is monitored and uplink parameter
values are compared with desired uplink parameter values; and
when handoff of the responsibility for the uplink of the
connection from the base for the first cell to a base for a
second cell different from the first cell is desirable in view
of uplink parameter values, performing handoff of the responsi-
bility for the uplink of the connection to the base station for
the second cell without changing the responsibility for the
downlink of the connection.

9. A method according to claim 1 wherein:
a base station for a first cell is made responsible for the
downlink of the connection and a base station for a second cell
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different from the first cell is made responsible for the uplink

of the connection;

the downlink of .the connection is monitored and downlink

parameter values are compared with desired downlink parameter
5 values; and

when handoff of the downlink from the base for the first cell to

a base for a cell different from the first cell is desirable in

view of downlink parameter values, performing handoff of the

downlink of the connection without changing the responsibility
10 for the uplink of the connection.

10. A method according to claim 1 wherein:
a base station for a first cell is made responsible for the
downlink of the connection and a base station for a second cell
different from the first cell is made responsible for the uplink
15 of the connection;
the uplink of the connection is monitored and uplink parameter
values are compared with desired uplink parameter values; and
when handoff of the uplink from the base for the second cell to
a base for a cell different from the second cell is desirable in
20 view of uplink parameter values, performing handoff of the
uplink of the connection without changing the responsibility for
the downlink of the connection.

11. A method according to claim 1 wherein:

a base station for a first cell is made responsible for the
25 downlink of the connection and a base station for a second cell

different from the first cell is made responsible for the uplink

of the connection; '

the strength of radio signals from the mobile station received

by the base station for the second cell are estimated and
30 compared with desired strength; and

power control messages are transmitted from the base station for

the first cell in response to the results of the comparison.

12. A method according to any of claims 5 to 11 wherein the -
first cell has a size substantially different from the size of

35 the second cell.
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13. A method of bidirectional communication in a cellular mobile
telecommunication system comprising cells of substantially
different size and a base station for each cell, wherein a base
station used for a downlink of a bidirectional connection
involving a mobile station may be different from a base station
used for the uplink of the bidirectional connection.

14. A method according to claim 13 comprising the steps of:
determining a first base station for a first cell to be respon-
sible for the downlink of a connection to be set up; and
determining a second base station for a second cell different
from the first cell to be responsible for the uplink of the
connection to be set up.

15. A method according to claim 13 comprising the steps of:

.determining a first base station for a first cell to be respon-

sible for the uplink of a connection to be set up; and
determining a second base station for a second cell different
from the first cell to be responsible for the downlink of the
connection to be set up.

16. A method according to claim 13 wherein a base station for a
larger cell is made responsible for the downlink of the connec-
tion and a base station for a smaller cell is made responsible
for the uplink of the connection.

17. A method according to claim 13 comprising the steps of:
monitoring the uplink of the connection and comparing uplink
parameter values with desired uplink parameter values; and
when uplink handoff between a larger cell and a smaller cell is
desirable in view of uplink parameter values, performing handoff
of the responsibility for the uplink of the connection between
a larger cell and a smaller cell independently of handoff of the
responsibility for the downlink of the connection.

18. A method according to claim 13 comprising the steps of:
monitoring the downlink of the connection and comparing downlink
parameter values with desired downlink parameter values; and
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when downlink handoff between a larger cell and a smaller cell
is desirable in view of downlink parameter values, performing
handoff of the responsibility for the downlink of the connection
between a larger cell and a smaller cell independently of
handoff of the responsibility for the uplink of the connection.

19. A method according to claim 13 wherein:

a base station for a first cell is made responsible both for the
downlink of the connection and for the uplink of the connection;
the downlink of the connection is monitored and downlink
parameter values are compared with desired downlink parameter
values; and

when handoff of the responsibility for the downlink of the
connection from the base station for the first cell to a base
station for a second cell of a size different from the first
cell is desirable in view of downlink parameter values, perfor-
ming handoff of the responsibility for the downlink of the
connection to the base station for the second cell without
changing the responsibility for the uplink of the connection.

20. A method according to claim 13 wherein:

a base station for a first cell is made responsible both for the
downlink of the connection and for the uplink of the connection;
the uplink of the connection is monitored and uplink parameter
values are compared with desired uplink parameter values; and
when handoff of the responsibility for the wuplink of the
connection from the base station for the first cell to a base
station for a second cell of a size different from the first
cell is desirable in view of uplink parameter values, performing
handoff of the responsibility for the uplink of the connection
to the base station for the second cell without changing the
responsibility for the downlink of the connection.

21. A method according to claim 13 wherein:

a base station for a first cell is made responsible for the
downlink of the connection and a base station for a second cell
of a size different from the first cell is made responsible for
the uplink of the connection;
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the downlink of the connection is monitored and downlink
parameter values are compared with desired downlink parameter
values; and

when handoff of the downlink from the base for the first cell to
a base for a cell different from the first cell is desirable in
view of downlink parameter values, performing handoff of the
downlink of the connection without changing the responsibility
for the uplink of the connection.

22. A method according to claim 13 wherein:

a base station for a first cell is made responsible for the
downlink of the connection and a base station for a second cell
of a size different from the first cell is made responsible for
the uplink of the connection:;

the uplink of the connection is monitored and uplink parameter
values are compared with desired uplink parameter values; and
when handoff of the uplink from the base for the second cell to
a base for a cell different from the second cell is desirable in
view of uplink parameter values, performing handoff of the
uplink of the connection without changing the responsibility for
the downlink of the connection.

23. A method according to claim 13 wherein:

a base station for a first cell is made responsible for the
downlink of the connection and a base station for a second cell
different from the first cell is made responsible for the uplink
of the connection;

the strength of radio signals from the mobile station received
by the base station for the second cell are estimated and
compared with desired strength; and

power control messages are transmitted from the base station for
the first cell in response to the results of the comparison.

24. A method of bidirectional communication in a cellular mobile
telecommunication system having plural cells and a base station
for each cell, wherein at call set up or handoff a base station
appointed to be responsible for a downlink of a bidirectional
connection involving a mobile station may be different from a
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base station appointed to be responsible for the uplink of the
bidirectional connection.

25. A method according to any of claims 1-23 in a CDMA system or
a FDMA system or TDMA system.

26. A method according to any of claims 1-24 wherein the mobile
station measures the strength of radio signals transmitted by
base stations on control radio channels.

27. A method according to any of claims 2, 7, 8, 92, 10, 11, 14,
19, 20, 21, 22 or 23 wherein the first base station transmits
with a substantially higher output power than the second base
station. '

28. A method according to any of claim 1-27 wherein transmitter
diversity is implemented in the downlink of the connection by
transmitting corresponding radio signals pertaining to the
connection substantially simultaneously from two different base
stations. '

29. A method according to any of claim 1-28 wherein receiver
diversity is implemented in the uplink of the connection by
using two different base stations for substantially simultane-
ously receiving corresponding radio signals pertaining to the
connection from the mobile and for forwarding information in the
received signals pertaining to the connection towards the other
party to the connection.




