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A type of systems different from analogue FDMA sys_tems_ are
digital FDMA systems. The pan European digital' cellular system
20 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-
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specified in the document - ETIA/TIA, Cellular System, Dual-Mode
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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 sighals with

35 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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reference is given to the nentioned publication, the subject matter of

whi eh is incorporated herein as a reference. 2 Both the system accordi ng
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system can handle. In
used by a mobile station for transmitting radio signals to a
15 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.
20 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.
25
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,
30 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
35 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



order to be able to use the sanme radi o channel in FDVA systens, 30 or in
TDMA systens the sanme tinme slot of a radio channel, for nore than one
connection, nobile radio systens are nade cgllular systens. The
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3 handling capacity. The higher required capacity the smaller cells. Cell
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mobile radlo communication system. Thus, appropriate ‘control of

15 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

20 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

25 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

30 " 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
35 channel time slot. Transmitting radio signals when there is no



in ¥esponse to nmeasured signal strength at the receiving base station. If
t he signal strength at receiveing base station would not be nmeasured, a
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co-channel interference in . . ) )
ing cells may deliberately transmit radio signals relating to

15 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

20 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
25 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
30 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



systemwill be very high in relation to such interference in the previously
descri bed TDVA systens. Mpre precisely the inter- ference level in CDVA
systems will normally be several tinmes as 2§ hi gh as the | evel of the
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si zed. equally sized.

In a CDMA system it is very important that the received signal
strength from all users on the same wideband channel are

15 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

20 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
25 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.

30 This technique known 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



In 2 CDVA systemit is very inportant that the received signal strength
fromall users on the sane wi deband channel are 15 , equalised. O herw se
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15 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

20 eqgqual 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
25 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.

30 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



| ow traffic area. It can also occur when a so called "unbrella cell" gives
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SUMMARY OF THE INVENTION

15 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

20 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
25 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
30 convenient methods for reducing unnecessary co-channel inter-
ference from mobiles stations in a cellular mobile radio system



may be nore pertinent to CDVA systens, it is also a problemin FDVA and
TDMA systens. In summary prior art nethods of commu- 10 = _ nication and
power control may cause problens when a celcé ular nobile radio system
conpri ses adjacent cells of substantially different sizes. The present

I nvention ains at solving these problenms. SUWARY OF THE | NVENTI ON 15
The invention ains at solving various problens encountered in cellular
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si zelO in some part of th order 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
15 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~
20 . 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
25 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
30 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



Expressed sonewhat sinplified and in brief, the present inven- tion is
based on an idea to solve the problemw th_comruni cation in adjacent cells
of .different sizes by letting a nobile statgon 10 in some part of the
bosder area receive information on a down- link or forward channel from one
base station and transmit information on an uplink or reverse channel to &
different base station. According to one aspect of the present invention
deci si ons orrddeivedhfedm tse ikl stat icre, Wvert baedbaséistation receives

bi di rectional, ctign it bi_l i e de or SS, 3
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a preferred enbodi nent decisions on which base station to be used for the

uplink of a bidirectional connection involving a nobile station are based
on uplink 3(Furthenr aspects iand uemhgdiwentiseafntthe inyertien wildadiesome

signaj¢ fromgheraRbi 8 elgse CokiErEaVE Blie PASE SEd) Frad g AHE Mbddliled
still another "enbodi pent of .the,invention a plurality of base stations

measure str SRFFEHPLLIGN; OL sAKANLRIS agd, epbeddBentSm t he nobile station.

When one base station receives signals substantially stronger than the

others, the sk SLOBA1RE"E5 %k iRl chPa§OBE" Bhbl dehbEa Ot Wlirsous
types of mcdbile radio communication systems including CDMA

systems, FDMA systems and TDMA systems.
15 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

20 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

25 Figure 1 illustrates ten cells, C1 to C10, 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

30 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



mobil e station. According to a preferred enbodi ment power 5 control
comands are transmtted fromthe base station respon- sible for the
downl'ink even when the strength of signalggeceived at a different base
station is used for nobile station output power control. Further aspects .
and enbodi nents of the invention wll becone 10 apparent to those
skilled in the art after reading the detail ed description of draw ngs and -
enbodi nent sonéktdedds e candthgrt oAt mekiihensv bbching beenkpeent®Cad js, con-
various typ f | | ' ' i t bachwdi G :
Fon syst eniestadiith Sy (Ehe BRRE"eahuchs 3P PERAGR"bRCley SO vl eee
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centre, MSGmobdleonstation 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-

15 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 éystem but only part of a a mobile radio communica-
20 tion system. Normally such a system will cpmprisé 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
25 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
30 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



nected to all the base stations by cables or any other fixed neans, like a
radio Iink. Some of these cables or neans are omtted in the,figure for
plicity. The MSC is al so connected 5 Ry cables or links to a fixed
pubtic tel ephone network or a simlar fixed conmunication network. During
operation the nobile stations will be in contact with the fixed part of the
system by transm ssion of radio signals to and reception of radio signals
fromthe di f fsnenbuhded dyatothrex ddlls iay ephenchawkl moréatoxr dessirihem i sin

| i nks or ot he PgH [ n paths may be set up between one nobile station
and an ot her édig gt %t%l&g% in the system Calls may al so be set up to
nobiles in an other nobile radio systemor to subscribers in the fixed
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For each cell in figure 2 there is a base station indicated by
15 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
20 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

25 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

30 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



surirounded by other cells may then have nore or |ess than six adjacent
cel'ls. A conplete cellular systemmy al so have sone | arger unbrella cells

each covering an area al so covered by a groyp of smaller 5 cells.
Base stations located in the vicinity of the cell borders and w.th sector
antennas are al so common. Figure 2 illustrates some cells and base stations

of a cellular nobile radio systemhaving cells of substantially different
size. The | abgeabl@l toi trangmids xadigesligoalsThavisgomniificient apyeength
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to connections. Mre w deband channels woul d be possible. For transmtting

radio signals to a nobile station anywhere in
When there are plural mobile stations involved in connections in

15 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

20 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

25 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
30 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
35 channel with sufficient strength the output power of radio



a marticular cell the base station for that particular cell nust 12 be
able,to transmt radio signals having sufficient strength when received by

nobil e stations located in the outskirts of ghat particular cell. Since the
celfs in figure 2 have substan- tially different sizes it is not necessary_
for a base station 5 for a small cell, e.g. base station B10 for cel

Cl0 to be capable of transmtting as strong radio signals as a base station
for a big cel sigpads brspsmistiednonlafeontuedl cdrnEl fyomsa basewmttatinn for

possible to haveei?i_sfssagée%&tfgr)fﬂbﬁ@rﬁ;gx)féd&r | EYNERE! BikePO¥OERd We ! In
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necessary for sufficient reception at the nobile station. In adddition to

communi cation channels a systemw th the cells illustrated in figure 2
woul d pave atITheasdmeonkihdswesfl eysitemls 2Chere @rnnethéwr kiada cef | cohtrol
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signals enabling frequency control ‘and timing of mobiles.

15 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

.20 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

25 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
30 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
35 of expressing substantially the same thing would be to say that



303 transm.ssion to nore than one nobile station sinultaneously.
Sorretimes a forward contrqol channel is used for transm ssion to nobile
stations in the cell with unknown | ocationi4 the cell and therefore
unknown path loss. In order to enable any nobile station in a cell to
receive signals on a forward control 35 channel with sufficient
strength the output power of radio 13 signals transmtted on a control
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border line peiyeen t¥g)fdidreRhycehhy Wie sbgnal @3LeMt o0 thepbiole 30
signals transmtted fromone basg station for one cell is quall as strong
as the signafoincide with the cell borders between cell Cl and the cells C2-
15 Cl3. For this reason also part of the path loss border lines
between any two adjacent cells C2-C13 are visible inside cell

Cl.

The straight cell border lines and the straight path loss border
lines of figures 1-3 are only achieved under ideal conditions

20 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.

25 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

30 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



25 % strength of control radio signals transmtted fromthe base station
for-the other_cell. Illustrated with fractional lines in figure 3 are al so
a diffe- rent kind of border lines between a& acent cells. |If a nobile
station would transmt radio signals froman omidirectional 30 ant enna
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 |ine
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t he ou ut p Qntro signals fromany of the base stations
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do therefore not coincide with the cell borders between cell Cl1 and the

ines bet ween 3y % SonoRLEoth "eAE RO Ak Xih UomPlrds il PR BmIYer with
strai ght cel Idﬁﬁinéﬁ ¥ kanaarmeserawgﬁpesatqr | $b¥egbpdds- | iThes ¥SC also
figures 1-3 anén28b¥sa@ywvMahiINSEFanéests CHitht id¥¥ired downlink parameter
values ot thresholds. When uplink handoff between a larger cell
15 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
20 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
25 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
30 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
35 a system will sometimes be poor if interference and communi-



20 where propagation loss is a function of the distance only. In a real
systemradi o signal shaddow ng and fadi ng. causes devi ation from strai ght
border line patterns, but for the purpose ofléexplaining the invention this
may be disregarded in this disclosure. 25 According to the present

I nvention nore than one base station may sonetines be used simultaneously
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base station control channels indicated and reports estimated
signal strength to the base station responsible for the uplink.
15 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-
20 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
25 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
30 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

35 transmit a downlink handoff command to the mobile station.



vgl ues, the MSC tries to perform uplink handoff between a smaller and a

| ar ger cell independently.of downlink handoff. When downlink handof f
between a snaller cell and a larger cell ix7desirable in view of downlink
parameter values, the MSC tries 20 to perform downl i nk handoff betweep
a larger cell and a smaller cell independently of uplink handoff. The MSC
makes handoff deci sions based on paraneters including estimted signal

strength. NSemathe glurpasa@f piplink dandeff Gontrrt HeMIE esﬁﬁﬂgi weligk

by the MSC uh Batlaﬁit%ng%ﬂ fba8irifAg2Srders e dide etatdonsy bzaeeihg them
obvious nattef to consi der

I s of .whet h i nt.ended, ' '

capable of EOTRSRSULEFERETSTR OF EBCEEVERAAIORALE AN U b Th, BpEELE°
zmdI its comatci@tﬂsaga_ﬂat?ootz@bf ﬁmuétﬁmmd cmbgn&dr stirengthpdxe tlie MSC.

xpl ai_ni ng so enhodi nents of _the prese ' | ' [
easi eP to u%ﬂgﬁsl’gﬁr&%geﬁﬂﬁﬂ? ?ﬁ@%ﬁ%%ﬁ\cj{l{yﬁmﬁﬁ%ﬁ%ﬁggggﬂggg ?ﬂ%%ie
11 nt er f er encstakd crorsignaks | the wsthenghbr shobilde bst measired ad perorhed.

eci sions o a I ' [
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negl ected i n_connection wth handoff deci Si and control. For the purpose
of dé®nli nk°ﬁaﬁd~&‘r’fa]tﬁ)rﬁ?‘iﬁl‘ﬁfg fg’é@ 531?31'@“ €stations responsible for

the downlink to transmt downlink 5 signal strength nmeasuring orders to

nmobi | e stat] Such ' i ' i . '
Station contPe PaRe ASAL IRE pRiufh Ehe' SOMHGR N i Bighat EhoRERe
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the base st ekmg’ﬁwgiip&.«a&%eaaarea | dvy taddistition, whdrethad the

base statl ogisfeorséggiggl rses%(gn%%.%rite té)ol:.[' %hgelulplink, are reported to be

15 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

20 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

25 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

30 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
35 and the appropriate information in a handoff command depend on
the kind of mobile radio system, e.g. whether the system is a



of st he downlink base station. The nobile station neasures the strength of
radi o signals on the base station control channels indicated and reports
estimated signal strength to the base statid® responsible for the uplink.
15+¢ This base station forwards information from nobile stations on
signal strength to the MSC. If the strength of control channel radio
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15 is one or more desired s:.gnal 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
20 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. |
25
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-
30 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.

35 Procedures for -setting up connections in mobile radio systems
are well known to those skilled in the art. The setting up of



station signals the strength should be neasured and reported. Normally the
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the kind of nobile radio systen}3 e.g. whet her _t he gystem Ls a ,

cell C2, which are Bl, B3, B15, Bl4 and ' Bl3. Since A is located
15 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 station that the mobile station Mx may receive.
E.g. the radio signals received from Bl, B3, Bl15, Bl4 and B13

20 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.

25 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.

30 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. '



18 ¥DVA or a TDVA or CDMVA system The present invention may be inpl enented
i n various kinds of cellular nobile radio conmuni- cation systens.

| nformati on on handoff commands and their fagmats for various systens may
be found in the systemspecifi- 5 cations. For the purpose of
understanding this invention it is sufficient to know the handoff command ~
transmtted by the responsible base station identifies the new base station
to be responthel estimated jetrengkh opfuppdir signalso trananitted thie Mx and
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i nvention it will now be assuned a nobile station Mk starts at |ocation A
in cell C2 of figure 3, noves to Bin cell C2 and to Din cell CI,
conti nues t cWizemnMxFigsnatithe cinrationd it is gherefgreaassumeds ther¥Sg has

and arrives spabpeq "Bi-O8Y eQnJiO(iﬁ%'-@lsG té Q&t@fnaftbgblfrf‘e 3st£én&’th' ot Skadfo

assuned the npbile station thereafter noves al ong he sane path from
| ocation G i§igRal§ (tFansmitted rPI:ZMxV\hEmePem‘r S8l Bng Blahé'ﬁf%ﬂWﬁ%énUCh
mobi | £5 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

20 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

25 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

30 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
35 strength of radio signals from Bl is increasing. However, the
estimated strength of radio signals transmitted by B2 is sub-



stzati on passes the locations F, E, D and B. 35 Procedures for-setting
up connections in nobile radio systens are well known to those skilled in
the art. The setting up of 19 connectiopa does not constitute an el ement
of the present invention. It is therefore assuned a bidirectional
connection involving the nobile station M has already been set up when the
mobile station Mk is at location A The base station B2 is 5 . .
responsi bl e stantiellystronger dthan theVesiinatednshrength b rmadjimedgnals

| ncluding | ndQ4rBhg ONBPEr B N B! anlh8160818AY Bhe! BatherFBR hetst BLi on
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control the striength of the radio signals from Mx when arriving
15 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

20 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

25 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

30 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
35 at D the estimated strength of radio singnals from Bl will be



perstaining to the connection and the information on estimated signal
strength is forwarded by the base station B2 to the MsC. 30 B2 al so c
estimates the signal strength of radio signabs transmit- ted by other

nmolsi | e stations determined by the nobile switching centre MSC. B2 forwards
to the MSC informati on on estimated signal strength of radio signals from™
nobi | e stations. 20 The estimated strength of radio signals transmtted
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ur

t han any of t% asé stafl ons. ernore recei ves nmuch stronger
radio signals from BZ than from any other base station. B2 is responsible

for trggism t idfged “{:Hé naédwﬂﬁlﬁﬁrﬁéh&bfﬂ &‘E bhesqoaaeabw%e&eo%mw fo¥he
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signal s reporcdhahnelt hdt should be noted that in this situation one base

15 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
20 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
25 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.

30 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

35 control messages to Mx, since Bl is responsible for the downlink



25: MSC there is no reson for changing the responsiblity for the uplink
channel. Neither is there any reason for changing the responsjbility for

t he downlink channel. Accordingly the M5C tgkes no decision to change the
responsibility or to initiate handoff when Mk is at location A. Since Ais
very close to B2 30 t he out put power of the radio signals transmtted by
MK is conparatively very low. As MKk noves along the indicated path fromA
to B the strehgnmedf ofathe commettidnand rabisd itk 4adich Bignale comprising
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in Cc1. If a free uplink is found MSC decides to handoff the
15 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.

20 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

25 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.

30 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

35 Mx continued to transmit with the same output power all the time



reasons for the increase. Afirst reason is that the distance 20 from
M -to Bl decreases ,as Mk noves along the path fromA to B. A second reason
is that the strength of the radio signals tyansmtted by M is increased by
t hée power control perforned by B2 and MSC. However, when M arrives at
| ocation B the estimated strength of the radio signals from M is nuch
smal | er when 25 received by Bl and any ot her base station than when
recei ved by &#2ongn thewpatht hfrem gFaltst Gendgrii=s ismaimondll Wk netd dids red..

B2 and ot her t gt Qns I (A ere | for

and the MsC {ggggaﬁoqgeg%spgn C} lﬁgﬁ?%ei%etttbes?%cér%@bl %ylsﬁyf%tlﬁg%ﬂ
any handof f . sabstentdailly BhecsamensbrengtBoirregpectiyenifbMy iarabof ror G
upl i nk and daiemggﬁﬁtwﬁ@%nshoﬁ WeeBYER gbg@ﬁ?hgﬁ RA4he! rHM drddr o ASorfle-

noves fromB to It passes the 1 ndlcate e order where the signals

-~

from B&2 rechfate Bprikheidecrrased prQragation d@ss ashixsPoyes tevardsdl.

recei v?ed ]py Msglww. | léégnﬁéféygﬁh35estim§tlelﬂ tdﬁ'eﬂﬁjﬁliméﬁdthér eadi céiqxzail's)
singnals fromBl,w e supst antia st ronger an_t he est,j mat
strength of F&GPIVESyPY B% ﬁ?%Zﬂﬁna'lm %{%e?r bﬁgges%SFPSﬁQaHE ttﬂ-gxpes%old
di fference ivatuesnatlrd respaisesttenthde eesebtisof tbenicompardisdais, rtheyiMsSC
This is dete Yy d4h a | ?1{& S 5s 34l

~and MSC ini t§%§§§gd(§mﬁﬁﬁ%&%§§?f B%Lf'%g % rllregswt%ga Mocate léfs?%e)f:eéﬁls
downl 18k chakransmitied tol My Phys cthelcomtPwk PRWAKePfi £hepradiq igeds

deci des to hepdaknitRaadsyn bk sChaatRled E@MME rdved! Athd rtidoer \Weltth BdwP F

I ncl ude a handoff command™in its sighals transmtted to M. Af ter
the downl i nk®Raffidoff at D, Bl is now responsi bl e for the downlink channel
of the connection involving M. The respon- sibility for the uplink channel

of (Lhe Connegs! AR BAGCACRAS' P28 UL et by HHfrlaietUddeived by mx
from Bl continues to be stronger than the strendgth of radio

15 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-

20 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

25 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

30 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
35 crosses the border, the signals from Mx received by any other



channel. It should be noted that in this situation one base 15 station
I s-yesponsi ble for one direction of a bidirectional connection, .i.e. the
downl i nk channel, but a different base stat2®n is responsi ble for the other
difection of the sanme connection, i.e. the uplink channel. For handof f
control of the downlink channel, M continues to 20 measure the
recei ved signal strength fron1Bl and ot her base stations determ ned by the
MBC, nor nal | Pasee statdon hamPBbion|B2 c2 13- B RudtBld, Arefubstantially

B2- Bl|3 l\/k ah&atkt@qgt%ﬁu%;thg rs@ﬁ@fagls]g ][Prémflﬁulr defd?.d&ﬁl? ¥ Bhe gzi‘SCaz n Aﬁﬁer
signals transnitte or _handof f _control p N er

onge pe | O ST osming FbeoPAtRclons HOEARRChe s RALS fiom M reeedeach p2
cel | s adj acebecome: @ltirdiyeraifit ahd head s es igata Bs gfwdm sztlx engéézvlﬁ'e@rmwal.
and report eat ocatian D I |V ankia

st rongg’r Si g%’?ﬁg‘ :‘\ﬁ’gmal%? i¥ah %%y%gf %ie %%@fef%%legegggé‘éoe@sh € n%gtéjc"f‘a%ed
i s taken regsidinagd tste'angumlatcBQnauceegs the Astwma#edestueogght At Bl with
i ndi cated pagfief Nl Qﬁ%ﬁmﬁ%fcm YES 101 H€ e RARTS $9rthEeM§Qi 'ﬂ‘fen

channel . The MSC perfornes t control functign which wWll ipcyease
the Mk out pu{mﬁé\)@rlrl% 5Bﬁpeﬂgi§\§r?%?n$:her¢m%%sed“}ﬁ ofRGat FBﬁnI okRilgiaggs
moves away fhaﬁuB&f w\weé u;mﬁnb/EEhmeprﬂebﬁ Bi te Sﬂldm}m\ﬂfrﬁés to

contr nessa si nce ons bIe or._the.do

channgp of tﬁg‘i tal gﬁeﬁnﬁpﬁﬁk teézo Qlusueﬁﬂrﬁsgné?ﬂé°ff ESumand
i nformati on per Mxi miag Bla t he connection to IVk As Mk noves al ong the path
fromE to F it passes the path | oss border where the signals from M

received by BL will equally as 5 strong as the signals from M received
by B2. The shA§kgrsupddokvbangofé:akrE pB2 nawhagn$hecrgspepsihilpty, farcthe

muich weaker. uﬁ\ﬂiﬂ%hﬁhhb‘ieéfaéhg é&ﬁlé@ﬁi&ﬁtﬂvﬁééﬁﬂﬁ&aﬁﬁ M&di Bowé el B1
from M recet keg BY1 Pt etbons 2518 U5F ¥he Howh1 ik Mahnel of the connection.
15 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

20 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.

-~

25 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

30 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
35 received by Mx from B2 becomes stronger than the signals



than the estimted strength of radio signals from M received by 10 B2
and any other base station and_the difference in estimted signal strength
exceeds an uplink handoff margin. This is detected by the MSC when

adal ysing the neasurenent reports. The MSC then initiates handoff and tries
to allocate a free uplink in Cl. If a free uplink is found MSC deci des to™
handoff the 15 responsibility for the uplink fromB2 to Bl and sends an
upl i nk handateéceivied bystMxicfreg B+ oWhen| Mk arriyes nRthamreFtiotynBandhen

its signals deyadisgtht &F tﬂiMszﬁh‘i&%p'ffgm hﬁad%ﬁcé@d gi:ﬂem?":«':.l:*&'u%1 SAMEHES

or different fromthe downli nk mar andof f of

the uplink &ignhpls from Bhand éé‘ﬁoﬁy‘ﬁlrebPﬁF 55?519He"ﬂ%‘3\rﬁ1??1l3%&
upl i nk of thﬁmﬁﬁlctmamgmcogmf@dqu‘ GQﬂééﬁédOfbyi hnsdowemkanédéyﬁﬁikjl RS
to meagsure the tota ceived, si tre rom ase
Stat ghe deRATTEPSYE, FEPREES: Mt on TTIACE Haffied of sns” dyp1sen
reports the atmme]adofaﬂ:lh&e danrigct e fmmloBi tontBol Tle tMSCupliakaBésanad

ot her base Cewcﬁm@% Y RO 10 B MAd fUdaP fad hgtffoea 3hd

all cells adja Inues to neasure the recelve
strength frd&a WM& antdrBbert themto the MSC. 30 As Mk noves al ong the
indicated path fromF to G Bl continues to be responsible for both the

Sounl 1k o0 Bt £15015 ekl SOV B T, BT R,
fromi&k recsd,vek bys Biomédpoﬁsibnéefurtbothetdecaeaaugkdchhanem anfl 8he
MK ot nueeiSybt S0l et 16, 0B RULPUbR PRI dnd D! o pors
normal |y desionireb ofcéhee dowpdink f¢mmlw Mx quaasunes dthe strenghlke of
strength irneieet5¥g§nhisMrebeidedm o B2 and the base stations for the
‘cells adjacent to C2, and reports the measured values to BS2.
15 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
20 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
25 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.

30 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

35 signals from Mx received by B2 and B3 are equally as strong and



or sonmewhere along the path between F and G In order to conpe- 5 nsate
for the decreased propagation |oss as MK noves towards Bl, the MSC conpares
the estimated strength of thé radio signal s2received by Bl from M wth one
or “‘nore desired or threshold values. In response to the result of the

conparisons, the MSC orders Bl to include power reduction conmmands in its
signals 10 transmtted to Mk. Thus the output power of the radio signals
transmitted Spbatantiakystrenggr nbhen thengignalpafromrMx recgivedaby\Rl

[mvgs fiom Fatrlat hﬁﬂwsaaiéxfwéét %taf%mgl %flte&e5 idm_shyxglvlenl kr ﬁ&hﬁllégﬂt i&e(maér
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nandof £ and ERESHoBY° B ab8hl. SRR RY 2 e, S5PPnBER of | 510p1s
link or downkiedeictaxhney B3 xceedesthe osprengtbaof sigmalst reseirzediby B2
noves back a tie F, aBlyC [ bger Lb

both the dormhﬁ‘l%%( andﬁﬁ{gi%fgfimrll%é%é %gm%r ?@%ntggg?m?ﬁ%cﬁoﬁf Q:Egr%g‘r:%g{d’ed
by MSC usi ngP¥1 Bbrexeesdinbhe shrenghhamds sdanaly geaaivied bk rBhseithemore
out put IOOWG][ tharpoeng}naahag%& rqartifﬁ. t PRel mﬂwmﬁ@&eﬁBﬁéoad@S@r&%rMGa
noves .away from e radi o.signal.s receiye 0 onfinue_to
Subst A0 i | BaPagEe B et il Bnansl pren 6 ¥ bacvhen, B4 haR Bt g
any other baa& st.ation. The radio signals received by Bl from M continue
to be substantially stronger than the radio signals 30 - from M received

by B2 or any other base station, so no handoff action is _taken. As M noves
fromF to E Pp peeepathe faem |bsEohokdéhenhtrdiehsigngds sreeenyet by B3

received _by BontignRoIug | Mea%ugéﬁ?ftﬁﬂiﬁeséf&ﬁ@éf them Whe' G.E&ii’&dsbdngfs
At the point where the path 35 crosses the border, the S|gnal s from M
recei ved by §ﬁ§fedt"i?é’r by Bl and B2 and any other base station. The MSC

15 therefore takes no action to initiate any handoff of the uplink

aa

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
20 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
25 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
30 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



28 base station than Bl or B2, e.g. B3 and B13, are substantially weaker
than the signals from M received by Bl or,B2. After crossing the path |oss
border the signals from M received by B2 pgcone stronger than the radio
signal' s from Mk received by Bl. 5 Wien Mk arrives at E, the difference
bet ween the estimated signal strength at B2 exceeds the esti mat ed strength
at Bl with the uplink handoff margin. This is detected by the MSC when

anal ysi ng t Ne neasdvighest rmxmummtm mwbilcttmh’mmmf of the
upl i nk changel t ‘% ESxt P all ocate a free
uplink in Bgleland scraﬂr%]sﬂi% I{F han of# corrmand to.Mk via Bl, After i nk
handof f at B BZ nothfex ?‘Hﬁ ?@§ﬁoﬁ§?EFPPt yeFBPUthlﬁprﬁkuEFiaﬁhefremﬁ
connecti on between NS s stil].regpon |b| for the
downl i nk ch&nnel™ of 1 %xcgﬂ%??ﬁnStiéi°n rﬁ8P°ﬁ§ﬁhaJ?f §'5’6n§?8f‘ tpkiFa M

downl Bnk channels Mdmiex |ﬁu1eanyobasass|tatu.m wdtthl hdghestesllgngna&trength

strength frgm BL an i £RS; | cells adjacent to Bl, and
reports thegmasure}% ues ‘k/sa‘%,i %@% a,k handof f control of the

upl i nk chanBgl , =82 almlsemtm;@nsvathonademYall cells adjacent to C2 20
measure theg ece,Lve%éégr@taﬁiéﬁngi&fiﬂgéykzand report to MSC. Since at
this locatiof E, the signals received by fromBl are substantially

stronger thEBRathe= &lﬁ’i&%rﬁi%’@ecﬁ%‘ﬁ R | MptateB dase stations, e.g.
B2 and B3 apﬂ 813 m)&i&\ﬂﬂofs‘lgiﬁ]j Q;tnehgtgkegnsm gheatdqmnl i nk channel of

t he connect jgffi’ 125 moves, fr.omE ﬁ %oy | ustrated path,
B2 is respokgxblle_f (ﬁgcrlﬁe %Iﬁ’?ﬂ?a?hasntfeﬁn% . MSC perforns
t he power CBM I =f meallemed/vlm@naﬂq Idtmlgtéasfsrdmé ut power to

conmensat e fﬁf{ ’891"5 £5S as M rmves towards B2. The
power contr drressages are now sent 3 fromto Mk via Bl, since Bl is
still respofMjbl e=f ¥PLimk BINNALH M¥rdife connection. As Mk noves al ong the
path fromDto B it passes the cell border

15 In view of the previous 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.

20 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

25 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

30 a need for increasing or decreasing the outpxit 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

35 channel the base station responsible for the uplink channel may
send to the BSC or MSC a request for transmission of mobile



where the received signals fromB2 are equally as strong as the received
signals fromBl. After crossing the border the signals 35 recei ved by
Mk from B2 becones stronger than the signas 26 received by M from B1.
VWhen Mk arrives at location B, the strength of the signals from B2 exceed
the strength of the signals fron1Bl and any other base station with the t he
downl i nk handoff margin. This is detected by MSC when anal ysing the 5
measur enent POVEaT contived coomand transmisaionf from the atheribase rfiatdon
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In most cellular mobile radio communication systems, a base
15 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
20 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
25 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
30 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
35 a mobile station radio signals comprising the same information



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.. 30 At location Hthe
strength of radio signals from M received3by B3 are al nbst as strong as

t Re strength of radio signals received by B2. The radi o signal s received by
Bl are weaker than both the signals received by B2 and the signals received -
by B3. \Wen M crosses the path |oss border |ine between H and J the 35
signal s fropestaining&p layceanestind invoivingl fhegahileg andl forward the

subst anti al |3amd I PRESFMA €H6h 166 EhdMBsE &F ogadk received by Bl and any

ot her base station. After crossing the path | oss border the signals
received by B3 will becone stronger than the signals received by B2 and

subst anti al lynddr geta inhaidditstiafitds it mightc dev ptelferibleVboninpl exment

at J the str.ength of signals received by B3, excedth stre t h_of nals
recei ved by B2 hﬁﬁﬁ%?&lﬂ%rg %A § IvRD %PPeﬁ'g{ Engpgegsﬂzy
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The MSC 15 therefore takes no acti,on fo i.niti andof t.h
DoLi Dk chanRETEEIRATGHa SR FaneerEiBn, £8 Hhe ﬁﬁn%fbcem geordifg to
substian- ti dne ptefesed tém::aimenadmaselgtmtﬁon etnansuhb'gzeMdivensBEyaﬂd

B3 and |
VEC ot 1 edni eiited e bt et ilndti o niBIE GRS, Flopiyid By LRE
downl i nk chaehileisstxtionefronodibfeyent hasleowt:ahmns arehgukatantially

oper ati ons g IMBF 46 Hd VY léhe difference in strength does not exceed a
particular transmitter diversity threshold.

15 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

20 -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.

25 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

30 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

35 downlink of the connection is different from the base station



mat hods according to the invention is illustrated in figure 4. MSC

al I ocates individual index nunbers to all nobile stations 25 I nvol ved

in a connection supervised by the MSC. Thespunbers begin with 1. Wen a

cénnection is disconnected on ceases to be supervised by the Msc the index

nunber is withdrawn fromthe nobile station. The nmobile then having the
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. = upl i nk handoff margin 15 In view
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: 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

15 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
20 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.

25 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,

30 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

35 versa. If such traffic channels are available the MSC first



| ¥ necessary. 20 In the enbodi ments described so far the MSC has been

responsi ble for the power control. The conpari sons between esti,nated si gnal
strength and at |east one desired val ue hagzbeen done in the MBC. Whenever

tHere is a need for increasing or decreasing the output power of the nobile
station, the MSC has ordered the base 25 station responsible for the ™
downlink or forward channel to transmt a power increase or power decrease
commands t oafll®catieg eastmmnld/vti'a'ftfidﬂechanpelofat hbasevatatdon tBlsand

ible t t t pl 0
Pg\slzlrseechgnngs%g aﬁﬁson}g g%%fﬁ??ﬁ\éﬂﬁhgk hgrgggl é%‘: on 52'
need for mbﬂé@:ﬂnﬁjﬂmemcgﬁ&thMYouﬁmtp@ﬂéﬂQﬁtq hanmoiplinkt ragfic
Wien this bahanHel 90 posé St FSW S e {@bsthberery! an&o%ﬁﬁkwe&ﬂffiﬁe

chann% it may on_its own Initiative transmt power COI’I'[I’O| comand

mobl i Pe st afPgmnek ak Rare shaEicpaBlon Ther &ldRratienef dwmisial i ard
or forward @plink chamirlld haybaseosmtmame AMAEEHE Gud B uwaeu:ﬁuumg upon

channel may_s nd to q request for transm ssion of nobil
29 power coﬁt (ﬁ‘ﬁm Bﬁ%’a%s?ﬂw 'fromthe ot her base station. The M5C
wi Il then request the other base station to transmt such a command. So far

[{ has beenuBtnyTie d19%idsid 19deielc) sndiheRlet el EdghK1Ting, the actus)

|nterference or for ot reason esired u

to the baseregistairtiam widlhneesbdest penformed nbt‘ rﬁ%%qlfﬂ@c% g'ltlb'ect\hee
ther goi s nophired culldrmiprdcalivis rie qiwnﬁmiélesymnﬁwhltﬁa ER¥cBftion

nansed of o g b arabaton MihAne seond pranesl atoepeth L LHST
stati on. A iennatesshgeso tmnthéf nobilmestatlibar couts base estapionk BY is
downl i nk  at r@gﬁo?x?ﬁ%l%t %toiroS}e\éﬂéﬁt}i%gﬁsaié%ﬂ%ﬁ }ngggages from the mobile
station. The invention may be implemented in various known
15 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
20 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 B1l.

In the first case to be described the mobile station is the
25 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
30 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
35 allocates a downlink traffic channel at Bl and subsequently an
uplink traffic channel at B2. Alternatively the MSc may first



t ke responsi bl e base station. In nost cellular nobile radi o comunication
systens, a base 15 station who ceases to be fesponsible for the
downlink imredia- tely ceases to transmt 3J&di o signals conprising

i Af ormation pertaining to the connection. A base station who ceases to be
responsible for the uplink imrediately ceases to forward to its BSC or MSC
|nfornat|on ertaining to the connection received 20 fromthe nobile

station. EnBéddpesates an mplisks txabfic nghapnepe ath B2t 28R fPsRAIuently a
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m sunder st andi ngs, enbodi nents_ o e, i nventi.on SQ ement e
mobi | e radi 5¥& iAnNnel 3R 1R ag{cngraggéc %ﬁ' lgqy o"i‘n‘\[/%? sﬁ’?y
and handovemade simultiahedsisa®byoddicid ing Upemabblailredeuraﬁéaa chapnels.
application 0335846 and 0347396. Thus, during downlink handoff and a

limted time after downlink handof f both the ol d base station previously
resposi bl eAftert karafifiid ichannel talbloeat inr cthe MSGrordere-BYtat tyansnit

responsi bl eaf Oéhaﬁﬁeﬂomw@aﬂ?%r { Rfaing (€02 tHY| hebile st#tfon Obn' 2Ehe

si gnal s conpri si an e same Information pertaining to.the connection
i nvol vi ng t Genkaeil shappel, L, Bl. nR‘hﬁaﬁﬁéppean61&°FPﬁ1iPBd°?mnﬁf %’é‘?lﬁ?)F?ﬁk

handof f bot B1t ie Aol besspshaibDe ﬁbgvmus Qewhadmkn shamelorarideBaiptor kepad

th b t.a b bl e f the I' '
fromss - upLil GheHinak GiE  Eh¥oI8RaRRs CoDmEREian, PO LA S el fle
30 pawot ai ni sgatcion.co‘nhectclmnneﬂ/oIa\hhmg:adwnmd_:ohmandnchlfm wand ichtesanthe
i nformat i On:tai?oEQ] eﬁsgx%rfﬂ\ﬁcc L{!ﬂ{}f 1£Yd é\féé&“{l@f A edindBiin Pe

pr ef er abl e enent In a me accor Ing to t invention tranmtter
diversity 5 and/ or receiver diversity anong base stations even when

there has neher %Biﬂlﬁlfeatépg hegdodd11 Veee Idﬁ)lsee@éeﬂgthéamm@rsub-
diversity boLh B Sond ! thel bt BibdcLiner Are PN hcd6rdlfice with the
particular procedures of the mobile telecommunication system

15 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

20 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.

25 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
30 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



anot her base station transmt substantially the sane information pertaining
to the connection to the nobile station. According to 10 one preferred
enbodi ment base station transmtter diversi3gy is inplenented when the
sfrength of radio signals received by the nobile station fromdifferent
base stations are substantially equally strong or the difference in
strength does not exceed a particular transmtter diversity threshold. 15
When i npl endrlomgingeiter thev dragatidivt areabaders athen nabsiden- stabiens gis

the uplink %f@@é@&& baﬁemhahgomr eﬁﬁ'e‘hettﬂéeﬂo@ﬁ'l‘é Htdloh RIdAVESEHS
t he connection from t hé ation and forwa informati.on therein to

t he appropriRR%e pres§adpedt Aeshandsy kY Eﬁ%ni?t‘-:?%%?%daﬁnﬁﬁﬂﬁﬁﬁnf“e&é”?@e to
station rece&ryerseﬂecteddi:aeé sétationi By eweitsdcotarol rmxa&trreangwmdﬁcatmg

cor r espondi di o_si s froma nmohile stati ce e
base stati o%% ﬁ?d??"a%*%ﬁ?l? 5@9&‘1’1’?”{ %{} Fﬁg {d?!‘g?‘é?b%ﬁ@é ({E‘é}f for
strength doe:shelodom]:mkl.a particul ar recei ver diversity threshol d 25

Sel ection of a base station responsible for the uplink of a bidirectional
connection different fromthe base station responsible for the downlink of

t he connect iRhe RECe?s Imessrgn frer|the nekbiletstakien fis Haranded &M%y

to the Inverﬁn@mw@ﬁwR&neﬂﬁiactﬂt@i—é)faﬂ@aaysta&eoarasﬁﬂ@r&é}haei@rat Bl
uplink of 30 a bidirec ](%nnect i,on. and ection

station resfliBte 'FB‘F ?‘ﬁ@ EBX/anﬁE oPlt Fd TSk A0G ? SHKA Qltg'é' l?@ o vice
perf arored atvexda. SEf WucHhtgagfiel Ichatinels paneeduadlhbﬂea theli M8Ct ifdnEt

connect | on GECALALOGLQ bfiGn BXRNELRRCTRY cRARnMR LR B1CARRBLEREARANY Gn

t he base sta esporis e conn lon<is
different frapdimke tuaéficachannel at r&%poh%t%r@atbvemetbglnﬁﬁ Ayt fdrst

gonne‘:; ' gn AR EENhs ApPinh ephkrse! dHartOcesddr 83 nd Sa¥s8§uently a

escri bed assumn
downl:gnk traffic channel at Bl. Thé allocation of downlink
15 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
20 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-
25 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
30 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
35 up steps should be adapted to the fact that different base
stations are responsible for the uplink and the downlink.



noki | e station | ocated sonmewhere the path between | ocations D and E in
figure 3 is involved in the connection as being either 5 a calling
party or a called party. The other party tqg he connection nmay also be a
nmobil e station or a subscriber to a fixed swtched network, e.g. a norma

t el ephone or a data termnal- connected to a PSTN. Before any connection cah
take place the nobile station nust 10 sel ect a base station from which
it mg_yI recei Xecppdinglg uag&démisagw ner?aontoolﬁejsﬁﬁmmt ﬁ(w? Idaciiljldls_eumd[@
a nobil e st LV nd neasures the signal strength of radio signals
transnittedﬂ%$8g3é§g§§aﬁ§5%§ on their control channels. The nobile station
sel ects the base station control channel with the 15 strongest radio
signals. In ihi s #BRR BystemSE! ‘é%%ilo&%hg%‘é'ﬂ'ofig P B ie RIFANTAS 3R De
or control information. when receliving radio_signals on control channel's of
base stati orARhenkdEe| Fadiat frpaneney eand (Rf | f%r ndl i JHZ pridudt IR syFteme

contros chargelanfrdlasensnnél Oty 856 ednoremeireeraaiol Netaififshald bandi br

this informatjon as, well as.the asured signal strengths th bi | R
station therPLural ¢ilie, slots 0F oA FadhR GFSIUSRSEY (7ande PEIE 8, Exastde
i nf ormat i on.cHammedbnay ¢ & itimes allott oft aefbaequentyt bandwhina rGOMA systeme
| owest outp f i Lgna i tl : j e
52 1 5 sel eotbOHEEor ciithel Bl M kEarcel LHERART, BEy b § Hhrtibiihe® cEBES
station Bl belongs to another |ocation area than the one where the nobile

station is pigyiGpSéYinests éALRShdde dBUIFELIRS Ald YhdUsivei®rA da8¥ribed
registration. The nobile station then transm.tts an access_nessage tqQ base

statibh B2 O tFRY c3Fer BNI¥hEXABPLEF RS empodiments of: medhors: 2diBg; ke
station is ridtei diventien caid shlouddndt! bér dntéepeetebdt asrthd onlly poseibage

free trar CRHodipResr GLBEECBaBbaineFe, it O NEESRL o 1EhE B184RRY
station Bl faretpesdiblesbytemdly hexeint discdoBeder Eige Basteadvefsusing
such traffi G4yeneign& € A& A fe IAPEBE ddy Sise other kinds of signals.

15 Such other signals may preferably be optical signals



32- al | ocat es ink traffic channel at base station Bl and subsequent |y
an uplink tr ll "u m Elll& base station B2. Alternatively the MSC may
fi.rst aIIoca fi c channel at3ébase station B2 and

s
subsequently a downlink traffic 5 channel at base station Bl. The

al l ocation of downlink and uplink channel s may al so be nmade si nult aneousl ¥
by deciding upon a pair of traffic channels. Using the allocated traffic
channel s for signalling, the actual regi S®%8%n will now be performed in

?ﬁcordancetm&th?hﬁft%ad ofEB{&iﬁé&?ioﬁ&lxéﬁhw&ﬁué&ti6ﬁf{ﬂﬂaldékﬁumaﬁﬂmuﬂile
e excceptipgn_ that base statio i S_respon ra |

ogistratt | RLAEotagaicaE Ph. SHstencRar SaBoRLbAe €1 e A B, Has station
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have re or 1ess erent reqgrs pro- cedures h proc
known syst endififerentwifyem 2eccbaae (ﬂt&fotomomidt ufer pghe oflpﬂ-hékpr%%efthe

i nventi on. Iﬁlairggﬁhgﬂgltgogagcgkbhled in the art how the renaining
regi stration steps should be adapted to the fact that different base

stations are 20 responsi ble for the uplink and the downlink. Accordingly
there is no meen metHedcatckerdiny tegciakimt Locoppeisingeshbeseepsheg: nobil e

el udos bacdSEBERLBARRL > | RLFRE o “SRbEbE” o' hC BBl ol " e

statidd is tdewAbink oﬁlalngnpactionThe peosetsupi 8wdting up a connection

starts when sheesiBRshyDE! slohdLIRY deatich | llite |4ul WHE e Vel BRce

called party an ress e station. The
station t henswanem ke darrerransihie the Paé igk| @€t lere annagtion Foppe
on its contrgkechgnnel, indicating 30 that a connection is required
using B2 for the uplink and Bl for the downlink. The access nessage is
forwarded by B2 to MSC. The

3. A method according to claim 1 comprising the steps of:

15 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..

20 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.

25 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

30 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:



M8C checks whether there are any free traffic channels at Bl and B2. The
MSC may check Bl fimmmuﬂlmm,"mrtly B2 or vice versa. If such tratfic
channels are avai l 37allocates a downlink traffic
channel at Bl and subsequent y fan*uplink traffic channel at B2.
Alternatively the Msc may first 33 allocate an uplink traffic channel &t
B2 and subsequently a downlink traffic channel at Bl. The allocation of
downl i nk t r monidaxine sheadagwnpinkkof rehi¢ icorutestiiain andvsonpay ingsdownlinke
si mul taneouga%ﬂ&@ﬁlmwmﬁwaiésﬁea S ELA0 P Ret Sy vallidsl ana

traffic chanpnel allocation the MSC orders Bl to transmt a channel
al l ocation Ebﬁﬂaﬂﬁﬂﬂ}#ﬂhahﬁﬁﬁqﬁg ?F&FFE%‘Ghfﬂﬁ§tcﬁﬁﬂﬂopn9h§nﬁ89089 gellThs
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the ngbi o pandots AI°sH' ainf BRI G dhe criet (T RERVaRR. She, SRESEcESEh e

al | ocat ed taaﬂhtheﬂsﬁnmnd ¢elbe1ndenehdenthy odnhbandofif ofhethenmeplhink of

steps for cghl Sﬁyeen t he nobil e sub- scriber and the other
subscri ber are |n accordance with the particular procedures of the nobile
t el econmuni cati on system 15 with the exception that Bl is responsible

for transm §{i A0 metHod YcddtdiRiRs 34F T1 N | NfvHemdimn to the m)bl | e station
but B2 is responsible. for receiv call_set u ssa es tion
Prom the. moBi Pane: SERBASRTREE: dvEIHEt Ferd Tin WRdE EReBonginte, bothy LornbuA
syst @0B anddbhaalhmyefnbhe conhestidnfdmed efdr dd uaalnk efttha eomeduion;
Such d t r Ssee ot nstjt
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t he remai ni pgrometexetvalmes epee smnpdrbd waspt @ﬂl@qmeidvatllnlhaparameter
di fferent bggeuslat gy are responsible for the uplink and the downlink. 25

Accordingly there is_no need to describe such call set up
when handoff of the responsibility for the downlink of the

15 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

20 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
25 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-
30 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
35 downlink of the connection and a base station for a second cell



procedur es h econd case to be described the nobile station is
the called p ﬂmlﬂlﬂ ﬂit, bile station is | ocated sonmewhere al ong the
vat h bet ween E in figure 3and anot her 30 party, e.qg.
not her nobile station or a subscriber to a PSTN, desires a bidirectiongl
connection involving the nobile station. The process of setting up a

connection starts when a call to the npbjile station arrlves at gﬁc Thg VEC
then order Siffarank Srap fhe fixst reilale made keshansinle formthe vplink
base stati ofs the Fomtdipmg to the | ocation area where the nobile station

: . | | h
message |t CPEspSRYRRTIY, St iFPe: oM Retels oo SR R cSoby CabRf Lok .
station BZparramte;:emmablhes haneekonpattedamitdp Slesindthtdewnbink cpavameter

requig ed ughl &gln %{ the uplink and Bl for the downlink. The access
message fromthe o cfe station is forwarded to MSC. The MSC checks whet her
there are When handaff of: theadawndink fromehedbassLNsthenfirsscrebl to

fi rslt glnd ?E%%N%éqﬂcw sat %%llqr d\iltﬁ%r&é: fr}bﬁr Eﬁte h][ifaucbﬁnai&l &eSPPAPELSIRT €
avai l abl e the i_rst _al | ocates ownl j n raffic _chann a
Subsequent M e ob| ARRTLSRK EerARAKSH RLUSS . APPEERERLDE PAREtlsc hashe
first all od&tmlzimlunif nkhé rairin@ctimmitMuBchmlghm@seuaenésyoasﬂoimitymk
traff c ch e wnl i nk 15 traffic channel and
upli n tra lﬂ% lﬁ;][n:ét' cﬁ%é‘?rééy a égoe&prrade si mul t aneous by deci di ng
upon a pair of traffic channel S. After al l ocation of uplink and downlink
traffic chagnelas n{é&d@(& f Chi[d‘ﬂ'lslm‘,}h&mnd al l ocati on conmmand
e con

to the nobile station channel of B1l. The channel, all ocati on

20.- conﬂaﬁfﬁ%dﬁ&é&éenm‘fq% %oﬁ#FﬁEpGﬁénllees fBade hFegaRRSiLRk ec 9 cFhand
B2 for thedopnlinie tiitle Conmietiomasd anbaBeokthiohh€or 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.



mebi |l e station. ?he—tfhm@"éﬂ ocation command al so i ndicates the all ocated

traffic cha ng steps for call set up between the nobile
sub- 25 eH ther subscribss are in accordance with the
urnes

p‘art i cul ar no st he nobil e tel ecommuni cati on systemw th the

exception that Bl is responsible for transmtting call set up nmessages and
i nformation to the nobile station but B2 is responsible for receiving call
set up nessadesAomethodrofithizhinectiondl gommuniastiion dmej eallyhar mobile
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respo Rsi bl eqf'&pltvﬂ'@%uﬁl fnﬁ ; ISMFVnk."' SlggérgggoFglsﬁg%';g ?%%r%t?tsl%%
need to desusiede fouc thealuplsatk qu i deidtigedtaronall conrRME anLst em a
control channel or a traffic channel may be an entire radi o frequency band
of e.g. 20 kHz. In a TDVA system 5 a control channel may be an entire

radi o frequdfdeydpethed glagordingntos|akaiml 3y qomprd singddie stapm ofi | e

a traIfl f Cﬁé&a@mﬂﬁhgba Firs¥epaketl sehtdoh’ QayeaCflbaedcein o BAAr&i5diem
a contro cha

enbodi rrentsséggﬁelf??c%d %ﬁtﬁqﬁagﬁelﬁe "1%\7&%?\’1 artlga‘e: COde an o far

are aoly exdsperminfingniaodeoond bdseesbatitoncfori ag second carMerdltfemml:

shoul d ot BecknlLD! £l £y aselie QI 4o POSSHRLE: BTROUIPRe GhiShK of the

enbodi nent s™ W he Scope 0 ainms-are poss erern
di scl osed. Eogner:mgp@a&mbeuﬁetgupadu o signals the nobile system my use
ot her kinds of signals. 15 Such ot her signals may preferably be optical

signal s ,
d 15. A method according to claim 13 comprising the steps of:

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

15 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

20 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
25 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
30 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



[
QAIMS 1. A nethod of bidirectional conmmunication in a cellular nobile

t el ecommuni mlmﬁm‘i ving plural cells and a hase station for each
cell, mhenmu n used for a dénlink of a 5 bi di recti onal
cbnnectlon rnvol Vi nd a *mobi | e station may be different froma base statign

used for the uplink of the bidirectional connection. 2. A nmethod according

to claim1 conprising,the steps of determning a first base statlon to be
r esponsi bl e“"?% dpunijnk hapd@Afi hetyeen @or%?é'g&q’br?etl& B & sPRller cell

get er m ni ngﬁi déﬁQBébMéSﬁlnStvEIel&?rbﬂldéﬁﬁrﬂhkf pﬁlrainbgei:l valluesse pézeﬁdr.?rhi

e responsi ink o n ct| 0
recordng. HAEabFE &F THE HekboRia iHII 505 L bORE L3R of e cdrfieiEn
base stati detweér respargebl ecébl @nd upl ismablen celidecindependéntiyt af;
and term Qﬁﬂe Qﬁ L oNs L, f f [ on
to bggrespol%{s gffstgf the ‘do ﬁﬁﬁg&?gﬁeﬁ%{éﬁ%té@r?é%%ée %‘3 up 23%1%

4. A nethod according to claiml1l in a systemconprising a |arger ceII and a

smal | er celjg, vmeﬁ&tﬂoahscéaﬁ&lﬁ atbop1h2m hBewhdir@gh:cell is nmade
responsi ble for th dovvnl i nk of The congictl on nd t he base station for _the

smal l er celd Bas i des B LiFst eRLLLAP MR Sfr‘l"?@m&%%%tk?%w Zor the
5. A net hodicancbiﬂ:r@f ttthet lconfettdemang fort khestppinkfof rie iconnegtion ;

uplink of the, ¢ i 3 SAEDELRACHRILAN PR" B S0l Uhd HauiiTriced

upl i nk par ane er va ues en u and Ween a flrs

secoHl cel [paxameLer ayadues arewqﬁmmeququmadeseredadevsllpl;r emamefer
handof f 30 yaiu&d; tdgaupl i nk of the connection between the first cell and

t he second ceII |ndependentl of handof f of _{he downlink of the
when handoff of e 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
15 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:

20 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

25 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

30 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
35 the uplink of the connection;



@onnect i on. d| ng to claim1l conprising the steps of:
noni tori ng tlmm@im e connection and conparing downlink paraneter
val ues with par amet er valgaes; and when downlink handof f
between a first cell and a second cell is desirable in view of downlink _
paranmeter val ues, performng 5 handof f of the downlink of the connection

between the first cell and the second cell independently of handoff of the

upl i nk of tkbBecodpwnlink. 9f Ahmt wenanestdom ndst omepitaredwand; fownlinke
station forparhmetlercldlues e cEmpORad by ethodesfived! @dwhl ink Favdndterof

t he connectlo and for, the uplink of the connection; the downlink of the
connect i on VRLUESHi @M% d and downl i nk paraneter val ues are conpared with

desi red dowwhenkhpadafe€t of tlhé ukswynkink Hrom thel talseoforhthe etixwaitsidell tho
for the dowyl 0 h . i r t ls ' cel |
to a base :‘A%rbgége%c?%dgcég}ld‘fl#gggn’t%ffg?ét e f??ggé ]FP ig Eﬁs%lrr;%flee i%ﬁ'l
vi ew of dovwwieWk qfardemnbink aparameperf @mmum@.hammfﬁrmﬁnq mam@@,{)@nof the

sibility f oaomhﬁ&ww %lﬁeotcom%c%q%e%mw@ SH¥hdIRe t'ﬂeatfé&amfzﬁwﬂﬁty
second cell w thout ch P%‘OB% he res onS|b| lity for  the 20

t he connect ¥8K. the APda a&B&r 8PRPSEEiPPai m 1 wherein: a base statlon

for a first cell is made responS|bIe both for the downlink of the
connecti on d for e uplink .of t npection, the uplink of the
connect i on ?gn%n %F‘g& gﬁ'&"ﬁﬁl‘f‘ﬁk Baf’ ﬁé{"ea32§merel5'al ues are conpar ed
wi t hidesi r eal bplsenkspatbomt forval Uty stanceYhernshamails fresposible for the

responsi bi | abin 9hu! B3 ¥RL Bnolot Non CARNSE A0 LOIINE A5G LAledle dehhs!

cell to a base erent fromt esi rable

i-n view of @Bl anﬁlpar@hﬁfete%l freem the krsth coabhds mage tﬂ?émﬁ&lﬁ for

the uplink of the connection:;
‘ the uplink of the connection is monitored and uplink parameter
15 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
20 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
25 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
30 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
35 connection involving a mobile station may be different from a



36 bility e uplink of the connection to the base station for the

second cell wi &““E“u“e responsibility for the downlink of the
9‘ mm m ng to claimal wherein: a base station for a
is

connecti on. ' y
fi'rst cell nadecr espohsi®l € for the 35 downl i nk of the connection
and a base station for a second cell 38 different fromthe first cell Ts

made responsible for the uplink of the connection; the downlink of the
connect i on basgostedion appaiahed o ke aresmonsidlestor cthempl tok wof hthe

desired dovwglighkepdidmliClconnecty@dnies; and when handoff of the downlink
fromthe base for the first cell to a base for a cell different fromthe

first cell is desirable in view of downlink paraneter val ues, performng
handof f of 28e Aomsthod atcobeingnbsdnPpofvidladus ARa30iRJat BAMA system or
responsibil£t§ &R s s&%r t he I nk %f t he connection. 10. A nethod
according t3 cPEnEYSHRS &' SYE€Mtion for a first cell is nmade

responsi ble for the downlink of the connection and a base station for a
secong cell5gdif r . | &S r ' . fo .
ipl i 15 2SerAchERhon ABbbEALhy) Eb &Y of IRl (EREAMELEH g fop e
and upl i nk phrbAencmepsures he shranath \wf hradipr sdgnplisnitnan=midited by

val ues; andoabensbasdeht eh bbatwshi phafiboehhhgelase for the second cell to
a base for a cell different fromthe second cell is desirable in 20 Vi ew

of uplink parameter values, perform ng handoff of the uplink of the
connecti on 27 { butethadgacgordingetpoamsy botf i¢yaims 2 hey dwylo pla@f 1he 14,
connection.,gd1l. hod ,a r4li ng. ajﬂzl erepn.. _a_hase station for a
first cell Jl'%' n%@énggép%ﬁs%&loeﬁ oq?h %’f(")lee:"':JI £PSEhlse® Station Vialltmi¥s
10 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

15 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-

20 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.



2% downl i nk of the connection and a base station for a second cell

different fromthe first cell is made responsible for the uplink of the _
cgnnection; the strength of radio signals fromthe nobile station received
by the base station for the second cel |43are estimated and 30 conpar ed

with desired strength; and power control nessages are transmtted fromthe
base stati or METHQ, OFf BIDIRECHIONAL (COMMUNISATEON. ANt A CELEWIARt MORILEL RAPIO

conpari son. GOYMUNIGATION SYSTEG "t BI ENF BASR|STATEONSOARR USEBRORN t he
first cell nHE DOWNLINK ANDSURLENK ¢ rent fromthe size of 35 the
second cel | . 13. A net hod of bi d| rect ional communication in a cellular

mobi | e tel ecomruni cati on system conprising cells of substantially di fferent
size and a base station for each cell, gfggrrﬁha a base station used for a .

downl i nk of a bidirectional connection ﬁvol ving a nobile station. may
be di ff er entTHe onnaebasensratla&nsum nefthade foit i handlingeapbdidigedtdanal

connect i on. écﬁ?l bt noﬂl@&mﬁ%@gﬂ&ﬁ'ég@ﬁ ﬁomra%mﬁ@r?{f@b&&amo

deternmining a ase statl f1rst respon
the downl i nicmyniceakier GyYstemheha¥ingp adinrent celdst R

base & ati ogifPferes€C Uik | wiidrdedrentther oibbihtef | $64t Teh | éstlbfates the

responsi bl e for th i nk, of the nnectl.on 0. .be up.
[eopOnSi bl € L Sfekdith 10k G £ 405 SRSl R bt SEle oo DO
station for cf fdiftflersit st:mebet&mpdgnalSstrengthl ef fradide igralsk relced ved

oGt 1 o EhOR S5 By AR LAY hde SAEANKLRE o Y, ded i Rgan
t he connect iSkEe Guse e§é?tlm§$—ed]:6 degigdomsdoac¥bighnease Qﬁ%ﬁ#ﬁﬂ@)\/\ﬁﬁémlrﬂ de
base 1§ at i O-ddoris #91e for HWR/PXAL dianiRee IR WP PidikleR tlidhalheohawdtith
of the Conn%Cr:e based on uplink parameters including estimated strength for
signals received at base stations, the signal strength at the

base station responsible for the uplink channel is used for
contreolling the output pbwer of the mobile station, and decisi-

15 ons on which base station(s) should be responsible for the
downlink channel of a bidirectional connection are based - on

downlink parameters inclﬁdinq estimated strength of radio

signals from base stations received at the mobile station.

(no drawing can appropriately accompany the Abstract when published)



ti'on and a base station for a smaller cell is nmade responsible for the
uplink of the connection. 17. A nethod according to claim 13 conprising the
steps of: nonitoring the uplink of the connection and conparing uplink 25
pdraneter values with desired uplink paraneter val ues; and when uplink
handof f between a |l arger cell and a sna!é 4 cell is desirable in viewof ©
upl i nk paraneter val ues, perform ng ha f'f of the responsibility for the
uplink of the connection between a |larger cell and a smaller cel

i ndependent|y of handoff of the 30 responsibility for the downlink of
the connection. 18. A method according to claim 13 conprising the steps of:
nmoni toring the downlink of the connection and conpari ng downl i nk paraneter
val ues with desired downlink paraneter 40 when downl i nk
handof f between a larger cell and a spfller cell is\desirable in view of
downl i nk paraneter val ues, perform ng/ handoff of the\responsibility for the
downl i nk of the connection between smal | er cel

i ndependently of 5 the uplink of the
connection. 19. A nethod accordin a base station for
afirst cell is made '
and for the uplink

hher ei n:

downl i nk of the
base station f

cell is desirabNe in viey i aneter val
handof f of the r&sponsi bi y _ ooum|lnk of t
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changing the responsibility for the uplink of the connection. 20. A nethod
according to claim13 wherein: 20 a base station for a first celd is

mMade responsible both for the downlink of the connection and for the uplink
of the connection; the uplink of the connection is nonitored and uplink
paranmeter values are conpared with desired uplink paraneter val ues; and

~.

when handoff of the responsibility for tEﬁgfp'i”k of the 25 connecti on
fromthe base station for the first cell a base station for a second
cell of a size different fromthe first cell is desirable in view of uplink
par anet er val ues, perform ng handoff of the responsibility for the uplink
of the connection to the base station f TEEQE';econd cell w thout changing
t he 30 responsibility for the downlijn e connection. 21. A nethod
according to claim 13 :wherein: a base sv¥atfipn tox a first;cell is nmade
responsi ble for the downlink of t onneft] on a baselstation for @
second cell of a size differ i eNl | e responsi blg for
35 t he upl i nk=ot necf i of; e\do I¢ % t h&, connect i is
noni t ored and downl i nk par t€{g VR ? re €9 e i td degi red i nk
par anmet er val ues; and when h3gdg JeiRL R2heMHase t he
first cell to 5 a base forfa cel I'fdiff t fromt rst cell \s
desirable in view of downlink Raranetpr wal yes, perform fg handof f of\the
downl i nk of the conngqction witRp@14hpnGibgft he rgsponsi pility or th
uplink of the conneq&'on. 22. A rding to claigp13 mgigein: 10
a base station for irst cel|fis made resyonsi L& for fhe do i nk Of the
connection and a base stationgtfor a second c® | of a sizg different Arom
the first cell is nmade respgfsi bl e for the upl\nk of C Lof;
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the uplink of the connection is nonitored and uplink par aneter 15

aj-e conpared with desired uplink paraneter val ues; . and
uplink fromthe base for the second cell to a base for
fFromthe second cell is desirable in view of uplink par

val ues
when handoff of the
a cell different
amet er val ues,

perforni ng handoff of the uplink of the connection wi thout changing the

responsibility for 20
according to claim 13 wherein: a base
responsi bl e for the downlink of the c

tion for a fir

T8

t he downlink of the connection.

23. A net hod
st cell is made

ction and a base station for a .

second cell different fromthe first cell is made responsible for the
uplink 25 of the connection; the strngth of radio signals fromthe
nobil e station received by the base stat]jon for jhe second cell are
estimated and conpared with desPred stre gth; a power control nessages
are transmtted fromthg base sgmti omif of 30 @t he firsy cell in response
to the results @f the cogparison. 249A pethod of édi reft i onal

comuni cation iga a cel lul\r nobile te PR cat i @7‘ sygtem havieng pl ural
cells and a base stati®h fQr _gcaetrcell, whereimsai cal) set up o® handoff a

base station appoi ntedt o B responsiblelfor a downll

35 connection i nvol y/hg nobil e stafion may be difNerent froma
base station appointedAto be esponsiblquor t he uqyink o\ t hen
bi di recti oqal connecpfon. 25. ¥\ netbod=dccesdng tp any of IdPLs 1- in a
CDVA systemdi a FPIA system of*TOVA system 57~ 26. A metNd acgdf di ng
to any of cl ai Z- 24 mheraryfhe nobi | e station sures the engt heof
radi o signal sgjrgnswytted by base stations on control radio apnel's. 2%. A
met hod accordfig to ang ofr clains 2, 7, 8, 9, 10, 11,‘1§,, . 24, 11, or
23 wherein the first bai? station transmts Y
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with a substantially higher output power than the second base
station. 28. A method according to any of claim1-27 wherein transmtter
Ziversity is inplemented in the downlink of the connection by transmtting
®orrespondi ng radio signals pertaining to the 15 connecti on -
substantially sinultaneously fromtwo different base stations. 29. A nethod
according to any of claim 1-28 wherein recghxar diversity is inplenented in
the uplink of the connection by using two erent base stations for
substantially sinultane- 20 ously receiving corresponding radio signals
pertaining to the connection fromthe nDfTTE'ﬁﬁd‘TﬁT‘TﬁTﬁETﬁTﬁﬁ'TﬁTﬁ'nation
in the received signals pertaining to the connection towards the othgr :

party to the connection.
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