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"HANDOVER 'I N A MOBI LE COVMUNI CATI ON SYSTEM FI ELD OF THE | NVENTI ON The
invention relates to a handover nethod conprising the steps of neasuring
the | evel and/osraaasal ity of an uplink signal of a nobile staPCTFISN00128 5
serving base station. The invention further relates to a nobile )
communi cation systemin which a serving base station neasures the |evel
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INVENTION Tt is characteristic of cellularq nobile comunication systens
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10 mobile stations may roam freely and switch from one cell to another within the
area of a mobile communication system. if the mobile station MS has no call in
progress, the cell crossover involves only registration with a new cell. If the
mobile station MS has a call in progress during the cell crossover, the call
must also be switched from one base station to another in such a way that the

15 call is disturbed as littie as possible. The latter procedure is called a handover.
Handover may also take place within a cell from one traffic channel to another.
To allow the mobile communication system to detect the need for handover
and select a suitable target cell for handover, it is necessary to carry out
various measurements of the quality of the radio connection and

20 measurements of the field strengths of neighbouring cells. Handover from a
serving cell o a neighbouring cell may take place, for example, when the
measurement results of the mabile station/base station indicate a low signal
tevel andfor quality for the currently serving cell, and a higher signal level can
be achieved in a neighbouring cell. To ensure stability in a mobile

25 communication network, the measurement results and parameters used in
handover are averaged over a pre-set period of time. The averaging process
makes handover less sensitive to measurement results distorted by
instantaneous interference or fading.

Figure 1 of the appended drawings shows a simplified block

30 diagram of the pan-European GSM mobile communication system. A maobile
station MS is connected over a radio path to a base transceiver station BTS, in
the case of Figure 1 to BTS3. A base station system BSS consists of base
stations BTS controlied by a base station controller BSC. Each base station 8BTS
comprises one or mare transceiver units. A plurality of base station controllers

35 BSC usually operate under the control of a mobile services switching centre
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be achieved in a neighbouring cell. To ensure stability in a nobile 25
‘communi cati on network, the neasurenent results and parameters used in
handover are averaged over a pre-set period of time. The averagi ng process
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I nstant aneous interference or fading. Figure 1 of the appended draw ngs
shows a sinplified block 30 diagram of the pan-European GSM nobil e

comuni cati on system A nobile station M5 is connected over a radio path to
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the serving base station. In the GSM mobile communication network, for

10 example, an MS may simultaneously measure the signal level and/or quality of
both the serving base station and up to 32 other base stations. The serving base
station informs the mobile station of the neighbouring base stations it should
measure. The measurement results of each base station are identified on the
basis of a base station identity code BSIC.

15 The MS sends the measurement results regularly in a report
message through the serving base station BTS to the base station controller
BSC. The report message contains the measurement results of the serving base
station and up to six best neighbouring base stations. The base station
controller BSC makes the handover decisions. However, if the target cell is

20 controlied by another BSC, the handover is performed under the control of the
MSC. Handover decisions may also be made in a centralized manner in the
MSC. If necessary, the BSC sends a handover command fo the MS through the
serving BTS. According to the GSM recommendations, the rate at which
measurement results are reported is at least once a second. In most

25 applications, the MS reports the measurement results at intervals of 480 ms.

WO 92/09177 discloses a handover method for elongated cells
located crosswise. According to this method, a radio telephone is handed over
to a cell in the radio telephone’s direction of travel. The strength of signals
from the surrounding cells is measured over a period of 30 to 60 seconds for a

30 handover decision. The two strongest cells are determined on the basis of the
measurement results, and the identities of these cells are stored in the radio
telephone’s memory. If the cell that had the highest signal strength according
to the measurements still has the highest or second highest signal strength
after thirty seconds, a handover will be performed to this cell. Otherwise the

35 currently serving cell is selected to continue the communication, and the
measurement of signal strengths of the adjacent cells is also continued. The



continuously neasures downlink signals fromthe base stations BTS adjacent
"to the serving base station. In the GSM nobil e comrmuni cati on network, for
10 exanple, an M5 nmay sinmultaneously neasure the signal |evel and/or
quality of babdotdiesservi ng base station and up to 32 ot her lraTFETOatIBONS.
The serving base station inforns the nobile station of the nei ghbouring
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station are identified on the basis of a base station identity code BSIC.
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serving cell measures the uplink signal level of the mobile station. If the uplink
signal suddenly drops below a predetermined threshold level, a fast handover

15 is performed to one of the chained cells assigned to the serving cell. To
ensure a sufficiently fast handover, the handover decision is made on the
basis of instantaneous strength of the uplink signal. A mobijle station
constantly measures the downlink signal level of the neighbouring celis of the
serving cell. If the serving cell has a plurality of chained cells, the handover is

20 performed to the chained cell which, according o a few of the iatest
measurements, has the highest field strength. The problem is how to select
the correct chained cell in an environment with several obstacles. Since the
measurement resulits of the mobile station are averaged and there is a delay in
the repotting, the measurement resuits are not up to date. The best chained

25 cell selected on the basis of the latest measurements may remain behind
another obstacle, in which case the signal level offered by it is no longer
sufficient for maintaining a call.

BRIEF DESCRIPTION OF THE INVENTION

The object of the present invention is to provide a controlled and
30 reliable handover even in difficult environments with several obstacles.

This new type of handover is achieved with a method of the
invention, which is characterized by measuring the level and/or quality of the
uplink signal of the mobile station at neighbouring base stations, when the
level and/or quality of the uplink signal has dropped below a predetermined

35 triggering value at the serving base station, and performing handover to the
neighbouring base station that has measured the most suitable uplink signal
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tel ephone's nmenory. |If the cell that had the highest signal strength
“according to the neasurenents still has the highest or second highest
signal strength after thirty seconds, a handover will be performed to this

tell. O henybopasge 35 currently serving cell is selected tperapiioeiige t he
communi cation, and the neasurenent of signal strengths of the adjacent -

cells is also continued. The WO 97/ 31487

PCT/ F197/ 00118 3 nmethod is based on the idea that a cell along the
direction of travel remains strong over 4he interval of tine between
measur ements, whereas the signal strength of a cell that is perpendicul ar
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10 triggering value, and perform a handover to the neighbouring base station that

has measured the most suitable uplink signal level and/or quality, when the

serving base station has measured an uplink signal feve! and/or quality lower

than a predetermined threshold value for handover. |

The invention is based on the idea of measuring the level and/or

15 quality of the uplink sighal from a mobile station on a real time basis at the
neighbouring cells in order to determine the best target cell for the handover.

In the mobile communication system of the invention, the uplink
signal level and/or quality from the mobile station is measured at the
neighbouring base stations before a handover, and the most suitable target

20 cell is determined for the handover on the basis of these measurement results.
Handover is anticipated when the level and/or quality of the uplink signal
received at the serving base station drops close to the value used as the
handover criterion.

One of the advantages of the fast handover method of the invention

25 is that the best target cell for handover can be determined rapidly even in very
difficult environments,

A further advantage of the handover of the invention is that it allows
a call to be maintained more reliably by means of a handover to the best
neighbouring cell, while the number of handovers is minimized.

30 BRIEF DESCRIPTION OF THE DRAWINGS

in the following, the invention will be described in greater detail with
reference to the accompanying drawings, in which
Figure 1 is a simplified block diagram of a mobile communication
system,
35 Figure 2 illustrates a handover in an environment with several
obstacles; and '
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15 is perfornmed to one of the chained cells assigned to the serving cell.

- To ensure a sufficiently fast handover, the handover decision is nmade on
the basis of instantaneous strength of the uplink signal. A nobile station
constant |y naasarses?t he downl i nk signal tevel of the nei ghboR€T/Ry70i8 s of
the serving cell. If the serving cell has a plurality of chained cells, the
handover is 20 perforned to the chained cell which, according to a few of
the | atest nmeasurenents, has the highest field strength. The problemis how
to select the correct chained cell in an énvironnent with severa

obstacles. Since the neasurenent results of the nobjile station are ave;aged

and there is a del ay iFOYEES Bhliow ichart of Reprptertas embadimesd of the methed et up
to date. The hastingdmioned 25 cell selected on the basis of the | atest
measurenents nmay remai n behi nd another obstacle, in which case the signal
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DESCRI PTI ON GZ@¥-IEEITEF\?/ NTI ON The object of the present invention is to
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10 recommendations and "The GSM System for Mobile Communications" by M.
Mouly and M-B. Pautet, Palaiseau, France, 1992, [SBN: 2-9507190-0-7.

Figure 2 shows an example of handover when two obstacles 23, 24
obstruct (shadow) the radio propagation of base station signals. A mobile
station MS is assumed to travel along route 20 in the cell of base station

15 BTS1. At point A the MS receives signals of substantiaily the same level from
base stations BTS2 and BTS3. According to the prior art method of chained
cells, the target cell for handover is selected when the mobile station has
moved to point B or C on the basis of the measurement made at point A.
Depending on the travelling route 21 or 22 chosen by the MS, only one of the

20 neighbouring base stations BTS2, BTS3 is an optimal target celi.

According to the method of the present invention, the uplink signal
of the MS measured by the serving base station BTS1 at point A is lower than
a predetermined triggering value L, which is preferably slightly higher than a
threshold vaiue HO_L starting a handover. The base station controller BSC

25 commands the neighbouring base stations BTS2 and BTS3 to start
measurements of the uplink signal of the MS, preferably through an extra
receiver, e.g. a diversity receiver. When the MS travels further along route 21,
it moves behind an obstacle 23 at point B, whereby the uplink signal at the
serving base station BTS1 drops below the predetermined threshold value

30 HO_L, which is preferably equal to the threshold value which starts a normal
handover. The BSC compares the latest uplink measurement results of both
BTS2 and BTS3, and on the basis of these determines the best target cell for
handover. The best target cell is preferably the base station that has last
measured the highest uplink signal level from the MS, i.e. BTS2 in Figure 2.

35 The BSC instructs the MS by a handover command to switch to BTS2. The
handover command is preferably sent to the MS through the base station
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‘I evel -and/or quality, when the uplink signal |evel and/or quality has
dropped bel ow a predetermi ned threshold value for handover at the serving
base stati owoo¥hmsr nvention also relates to a nobile connunpcn@nnmoﬂysten1
of the 5 type described in the introductory portion. The nobile
comuni cation systemof the invention is characterized in that a base
station controller is arranged to conmand nei ghbouring base stations to
measur e the | evel and/ or quality of the &l ink signal of the nobile
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handover is started at point C to the best neighbouring base station, which in
this case is BTS3. The best target cell is determined on the basis of the uplink
sighal measurements started by BTS2 and BTS3 at point A. A handover
command through BTS3 commands the MS to switch to the traffic channel of
16 BTS3.

According to another embodiment of the invention, the serving base
station BTS1 and the neighbouring base stations BTS2, BTS3 can measure
the quality of the uplink signal of the MS, instead of or in addition to the level of
the uplink signal. In this case the decision on starting measurements at the

20 neighbouring base stations and the selection of the target cell are based on
the quality of the uplink signal, such as the bit error ratio BER, or the combined
effect of the level and quality of the uplink signal.

The criteria for decisions concerning starting of measurements and
handover are not, however, limited to the examples described above. It is also

25 possible to use any other criteria suitable for handover.

Figure 3 is a flow chart of the preferred embodiment of the method
of the invention. The functionality illustrated is provided, for example, in the
base station controlier BSC. The serving base station, BTS1 in Figure 2,
constantly measures the level of the uplink signal from the MS, and forwards

30 the measurement results to the BSC. in the method of the invention, the
measurement resuits may be used before averaging to allow the system to
react rapidly to a sudden drop in the signal level. These single measurement
results are compared with a predetermined triggering value L (step 31 in
Figure 3). If the level of the uplink signal of the MS is lower than the triggering

35 value L at the serving BTS1, the BSC commands the neighbouring base
stations, e.g. BTS2 and BTS3, to start measuring the uplink signal level of the




received at the serving base station drops close to the value used as the

* handover "criterion. One of the advantages of the fast handover nethod of
the i'nvention 25 is that the best target cell for handover can be

determ ned rapodiyuaeven in very difficult environnents. A furPChaus7aduént age
of the handover of the invention is that it allows a call to be maintained’
nore reliably by nmeans of a handover to the best nei ghbouring cell, while

t he nunber of handovers is minimzed. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS
In the fol l'owing, the invention will be de§cribed in greater detail wth
reference to the acconpanying drawi ngs, in which Figure 1 is a si I|f|ed
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in any cel | uparpggabimtBout averaging, but it is also possible to average the measurement
results appropriately, if necessary. The measurement results are forwarded to
the BSC. The serving base station BTS1 continues to measure the uplink
signal of the MS as normal. The instantaneous uplink signal levels measured
by BTS1 are compared with a handover threshold value HO_L, which is
10 preferably the threshold value for normal handover (step 33). The
neighbouring base stations continue to measure the uplink signal of the MS
until it is lower than the handover threshold value HO_L at the serving base
station BTS1. The BSC selects the highest signal level from the uplink
measurement resuits last measured by the neighbouring base stations - BTS2
15 and BTS3 in Figure 2 - and commands the neighbouring base station that
reported this measurement result, e.g. BTS2, to give a handover command by
an extra transmitter to the MS (step 34). By the handover command
transmitted at the transmission frequency and in the transmission time slot of
BTS1, the MS is commanded to switch to an aliocated traffic channel of BTS2.
20 BTS1 remains "silent” during the handover command given by BTS2. The MS
performs a handaver to BTS2, whereafter the extra transceiver units of BTS2
and BTS3 can be released from monitoring the uplink signal.

If one of the neighbouring base stations is under the control of
another BSC, it is the mobile services switching centre MSC that controls the

25 measurements of the neighbouring base stations and the decisions relating to
handover.

The method of the invention can aiso be used for simultaneous
measurement of the uplink signal of a plurality of mobile stations. In this case
the base stations must be provided with a sufficient number of receiver units.

30 The handover method of the invention can also be used in mobile
communication systems in which only some of the base stations are provided
with a transceiver unit for camrying out the functionality of the invention. In this
case, the selection of an optimal target cell for handover is limited to these
base stations only. However, one of the potential embodiments of the

35 invention is partial utilization of the method of the invention in extremely
difficult environments.



5 communi cation system In the following, the invention will be described
in greater detail with reference, by way of exanple, to the pan-European

di gi tal nobil e comruni cati on system GSM Figure 2 illustrates the

above- descrwigpgnsdsructure of a GSM netwerk in a sinplified poveByoolt®r a
nore accurate description of the GSM system reference is made to the GSM
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serving base station BTS1 drops bel ow pr edet m'ﬁe EIT S BEEN\Jal ue 30

- HO L,. which is preferabl Jhi reshol d i tartg a
nor mal handover. The BSC test uplink nmeasurenent results of
‘bot h BTS2 aRgloB7$adsy and o t hese det erm nes thepdEs7o@ELYEt
cell for handover. The best target ceII Is preferably the base station’that
has | ast neasured the highest uplink signal level fromthe M5, i.e. BTS2 in
Figure 2. 35 The BSC instructs the M5 by a handover command to switch to
BTS2. The handover command is preferably $ent to the M5 through the base

station WO 97/ 31487
PCT/ F197/ 00118 6 BTS2 of the target cell so that the weakened signal |evel
of BTS1 will W'Mrsevent a successful handover. Wen the BTS2 sends a

handover command by af, R*khéo&éﬁﬂéﬁ%b\/&fm&&hﬁg thfeCEteﬁ’@(@ﬂTp' e, at the

transmssmnfrequenc and.in me sl.o TS1, BT S
'silent", i.e. its tr%ﬁ?ﬁ%@ g'he ?esveé aPﬁFé H?g‘?yea# a‘?h"l'@m}‘ 'EPI? oja?n %b Cof
the transni ssstatiopf(MS)St asrivingbasestation (BIIS1d by the BSC. After a
successful gandover, élheangt@ﬂiggg BTS2 and BTSB to release their extra

the Ve 15 conti nued ¢ TFGBgG kB bt B0 e Bl oS RS il
Cor r espondi ngbstationh@S}) lad ﬂ@hbnwegsbasﬁ tshations| (BS2, 0BTE3R when Hhedevelr i s
started at pohAl/dr &@alifco et GinkhBigHAI MasPafddpeabbl aMpreletefmined
triggering value at the serving base station (BTS1), and
10 performing handover to the neighbouring base station (BTS2,
BTS3) that has measured the most suitable uplink signal level and/or quality,
when the uplink signal level and/or quality has dropped below a predetermined
threshold value for handover at the serving base station (BTS1).

2. A handover method according to claim 1, characterized

15 by instructing an extra transceiver unit at a neighbouring base station (BTS2,
BTS3) to carry out the measurement of the level and/or quality of the uplink
signal of a mobile station (MS) at the transmission frequency and in the
transmission time slot of the mobile station (MS).

3. A handover method according to clam 1 or 2,

20 characterized by performing a handover to the neighbouring base
station (BTS2, BTS3) that has last measured the highest uplink signal level.

4. A handover method according to any one of the preceding
claims,characterized by sending a handover command to the mobile
station (MS) at the transmission frequency and in the transmission time slot of

25 the serving base station (BTS1) from the neighbouring base station (BTS2,
BTS3) which is the target of the handover.

5. A handover method according to claim 4, characterized
by interrupting the transmission of the serving base station (BTS1) for the time
it takes to transmit the handover command.

30 6. A handover method according to claim 4 or 5,
characterized by sending the handover command to the mobile station
(MS) through an extra transceiver unit of the neighbouring base station (BTS2,
BTS3).

7. A mobile communication system in which a serving base station
35 (BTS1) measures the level and/or quality of an uplink signal of a mobile station

AN



this case is BTS3. The best target ceI i s deternined on 1ﬁ5‘9b§§E§TUﬂStBﬁ£NJ

“uplink signal neasurenent 3hi and BTS3 at point ARBERLABEDOver
I witch to the trarfrc channelr of I
h

command t hrough BTS3 cormar‘
BTS3. Accor wwowyst487anot her e invention, thePCEFBIACtIBDaSE

station BTS1 and the nei ghbouring base statlons BTS2, BTS3 can neasure the
quality of the uplink signal of the MS, instead of or in addition to the

| evel of the uplink signal. In this case the decision on starting
measurenents at the 20 neighbouring basel8tati ons and the selection of the

target cell based on ual i.t f the | i nk al uch as the bit
error ratio gkﬁ) 1R8 % ‘Frﬁf% é’?%‘?&a tgﬁsets#gthrémtmgl (%ﬁé } ist3rrangadhe
uplink signalto The criteria for decisions concerning starting of

nmeasur enents and han ﬁ}@"@é@e (Fiﬁ%

descri bed above ?gﬁgllﬁa{:&o?eﬁbou tos%ﬁddy %T%@E er a sw tabl e
for handover .le¥§ @ﬂdéo@qt,x%l I ”EH%{?P‘QBF ¢h ep'F'@ F??am@ when the ¢ he
net hod of &heserving base statibing BTS1} hias neddstyed an uphnﬂngnblllafqﬂanwoieﬂ:ah{yor

exanpl e, in {he-bRas ﬁ@éﬁ{rﬁggﬁ 5.?9«; JA}E serving base station, BTS1

in Figure 2, constant rreasurej e uplink, si Chfl fromthe \%S)
and forwards 30 the REHS 9"@5&9?‘? ’f%g'? “BS@asPrF Fhap G
i nvention, t Hhateas measar&d thes mctss suitablé aiplisic ignaf vel and/oaguatity] Whehl ow

the system tgq, é%%ﬂm%%%lkg'éfa{u&m gdﬁ%s ﬂ{e%ﬁuea Eng;g‘ﬁh% nal ?@/&h anE/ se

si ngl e measurenen ts are gering
val ue L (3Pepsusitylgwer fhana gred QQ"’%"PR!‘ ?’@@0%“’%50’ 'Tdﬁke%l gnal of the MS
is |ower than the trBggé&r nngb% camnteinication t Bgstear vadstg)rrﬂiﬁﬁl tot RAIMST,

commands the NRLGHPOYEIFIE PASH that at least some of the base stations (BTS1-9)

comprise at least one exitra transceiver unit each, and that the extra

transceiver unit of the neighbouring base stations (BTS2, BTS3) is arranged to

15 measure the level and/or quality of the uplink signal of the mobile station (MS).

9. A mobile communication system according to claim 7 or 8,

characterized in that the neighbouring base station (BTS2, BTS3)

which is the target of the handover is arranged to be send a handover

command to the mobile station (MS) at the transmission frequency and in the

20 transmission time slot of the serving base station (BTS1), and that the serving

base station (BTS1) is arranged to interrupt its transmission for the time it
takes to transmit the handover command.

10. A mobile communication system according to claim 8,

characterized in that an extra transceiver unit of the neighbouring

25 base station (BTS2, BTS3) is arranged to send the handover command to the

mobile station {(MS).
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stations, e.g. BTS2 and BTS3, to start neasuring the uplink signal |evel of
t he WO 97/ 31487 ‘
PCT/*F197/ 00118 7 MS by their extra receivers (step 32). The extra receivers
are tuned for Y¢Epﬁﬁﬁiurenent to the transnission frequency Oﬁwﬁaﬁy%ﬁ i.e.
to the receiving frequency of the serving base station BTSl, to rec |35’the
uplink signal in the correct tine slot. The extra receivers neasure the
uplink signal on a real time 5 basis w thout averaging, but it i I so
possi bl e to average the measurenent resul3 appropriately, if ne ggéy.lL
ti

The measurenent resplts are Tojwarded to the BSC. The serving baSe

BTS1 continues to a the pplink signal of the M5 as normal. The

i nst ant aneous uplink signal |eyels nmeasured by BTS1 are conpared with a
handover threshold sich is 10 preferably the threshold val ue
for normal handover (step 33). The nei ghbouring base stations continue to
nmeasure the uplink signaf of the MS until it is |ower than the handover
threshold value HO L _at the serving base station BTSl1. The BSC sel ects the

hi ghest signal |evgl fromthe Juplink nmeasurenment results |ast measured by
t he nei ghbouring bgse BSFiong - BTS2 15 and BTS3 in Figure 2 - and
commands t he nei ghQouring basgq station that reported this neasurenent

result, e.g. BTS2, TO andover command by an extra transmtter to
the MS (step 34). By tﬁe a BE®F-9ransnmitted at the transm ssion

frequency and i the trgnsm n tinme slot of
BTS2 BTS4
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BTS1, the M5 is commanded to switch to an allocated traffic channel of
BTS2. ,20 BTS1 remains "silent' during the handover command gi ven by BTS2.
Thes WS perforns a handover to BTS2, whereafter the extra transceiver units
of BTS2 and B™3%¥#48be rel eased from nonitoring the uplink siﬁ£§¥ f _one
of the neighbouring base stations is under the control of anothé B g ¢
is the nobile services swtching centre MSC that controls the 25

measur enents of the nei ghbouring base s%ﬂ%ions and the decisionsyrgl ati

to handover. The nethod of the inventio an al so be used for si ﬁggge%é%
measur enent of the uplink signal a plurality of nobile stations. S
case the base stations nust € provide (th a sufficient nunber of
receiver units. 30 The handover hod of the invention can al so
be used in nobile co ni cation systenms in whikch only sone of the base

stations are provideg/wth a transceiver unit r carrying out the 24

functionality of the invention. In this case, t sel ection of an i mal
target cell for hanflover is limted to these base[s i —However,
one of the potenti al enbodi ments of the 35 invent i tilization
of the method of the invention in extrenmely diffi S. WO
97/ 31487 BF§T/ F197/ 00118 8 In

synchroni zati on of{ the nobile comrunication
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.systemto be maintained, the propagation delay of the M5 transm ssion nust
‘not be too great at the reception of the neighbouring base stations.
Thetefore the use of the method is restricted in cellular networks where
t'he cell sizavoswfisdmrge. The method is particularly suitabl echrghemsfs N
cellul ar networks conprising mcrocells and picocells. The draw ngs and-the
associ ated description are intended nerely to illustrate the inventive
concept. In its details, the fast hanggver of the invention nay be nodified
within the scope of the appended clai*s. Al though the 10 invention has been
descri bed above mainly with reference to handover during a call, it can

al so be used for other types of handover in a nobile comu atlogz§ysten1
CT/ F197/ 00118 9 CLAIMS 1. A handover nethod conprising the

measuring the level and/or quality of an uplink signal of a nobile station

(M5) at a serving base station (BTS1), 5 characteri zed by
nmeasuring the level and/or quality of the uplink signal of the nobile
station (MS) at nei ghbouri TOoNs (BTS2, BTS3), when the |evel
and/or quality of the upli Si has _dr opped bel ow a predeterm ned

31
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tr| ggering value at the serving base station (BTS1), and 10 \Poscaﬂ,
- perform g handover to the neighbouring base station (BTS2, BTS3) t hipER Efnneses
nmeasured the nost suitable uplink signal |evel and/or quality, qsken the

“uplink signal Ievel and/or quality has dropped bel ow a predet !‘v;:j;?;‘. d

t hreshol d val ugligzr handoverwaio il se-aly SRoaRizRhdON ( BTSIGEMESY
handover met ho ording to claim 1patippugasy ¢ t e ¢ j z e d 15 b
i nst ruct i INGERNATIONAL ARPLICATBON PUBLISHEDIINRER EHE RATENT 6QOPERATIONFREATY (BIH2,
BTS3) [Tdt) taidiukibbnd? Phent Hiiifimies 61 eMENt 37 They kY Sl dMli@lioafiMabil Y Of Wipo7 9131487
upl i nK sig of a npbile station ( at t e transm ssion frequency an

t he trlansm sSion tj sl ot of the bi | 5(43!maml(mﬁ)atwr@?ateA h a2 daruen 99mes.0800
accordrmgto clarm I or—2, 20T frar —Z € g by performmnga
hando\est) Ie@rnétlognl anMyoumbm:g basle:rwaoumg aleﬁﬁ@%h&tﬂiw AZ3 84, BB, BG, BR,

measur Upl i nk s gn W R
any or ”%'Eﬁ"ﬁ!élmg?igne é|Jng 2%8 97{%5;6;9‘ a c tméw Lvm) mgq@%,g?
handoyer conmand to the nobi I e stati‘n (NB) atmmxprsm

and i rf OHES BT ssi FlbhoblF 1954 @029 tihe S ﬁgﬁ%ﬁﬁ%@@éﬁ MD

from tthe nerghbouri ng base station 2 BTS3p, ™y @Ti BE, R DE) K,tEbQ-‘l
handoye quﬁA hand%ergirret hod accorgl ng to C%ﬁwﬁﬁﬁgﬂcﬁﬁ%ﬁgﬂﬁﬁ‘i‘?gﬁ‘
e d by Mﬁﬁ& ﬁgﬁ{é ol tthe s

the tijme |tFm$sdeXFl§ra ' gaé%ﬁ%fol\l/er commnd 30

handoVer rretﬁod accordi ng cl ai me/4 Bf"inéi‘i‘,%, charact e . i zed
by ser éﬁ@lm £ Q%E“a?&b QmvER, hndad b RaribrB)ard DLSH DD 128D 1Sk
transdei vem&&kﬁ% us ang&xbnu%kﬂg st atup@%e;c(qiw&z report. ot piblchid

(74) Agent: KOLSTER OY AB; Iso Roobertinkata 23, P.O. Box
148, FIN-00121 Helsinki (FI).

{59) Title: HANDOVER IN A MOBILE COMMUNICATION SYSTEh‘d/
{57) Abstract

The invention relates to a han-
dover method in a mobile communica-
tion system where the serving base sta-
tion (BTS1) measures the Jeve] and/or
quality of the uplink signal of a mo-
bile station (MS). The base station con-
troller (BSC) commands neighbouring
base stations (BTS2, BTS3) to mesa-
sure the level and/or quality of the up-
link signal of the mobile station (MS),
when the serving base station (BTS1)
has measured an uplink signal level
and/or quality lower than a predeter-
mined triggering value. The base sta-
tion controller (BSC) performs a han-
dover 1o the neighbouring base station
(BTS2, BTS3) that has measured the
most suitable upliok signal level and/or
quality, when the serving base station
(BTS1) has measured an uplink signal
leve! and/or quality below a predeter-
mined threshold value for handover.
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BTS37 A.nobile conmmunication systemin which a_serving base station [% 1)
neasures the |level and/or quality of an uplink signal of a nd@ Lﬁsmson
35 (M5), char acteri zedinthat a base station controlle SC)
is arranged to AVENDED SHEET PCT/ F197/00118 10 (M5), char act o
riz e din that a base station controller BSC) is arranged to command
nei ghbouri ng base stations (BTS2, BTS3) to neasure the level and/or quality
of the uplink signal of the wobile station (MS), when the 5 serving base
station (BTSOLAIMSneasured an uplink signal level and/or quality |ower

than a predeterm ned jtr, ggeting value, and.perform a handover to the

nei ghbouri ng base stgri%ﬂg?iqvggmé%‘gg W{ﬁ%gﬂ%@gaéd the nost suitable
lﬁlp| i nk si gngl | evel anedsuringuthie tewel whd!ortdﬂmliskyerof:a_lgubfislesigrmrl]iofra (ROl
as measure ; ; 0, quality lower than a
predeterm ne&ﬁ‘iﬂ!#‘g@ﬂgfﬁ?é%%“# g?‘[‘g g?\%%e@.-ﬁ%)’ A nobi |l e comuni cati on
system accdrding to @Bafigctemized Byc t er i z e d in that at |east

some of the base stath@asurfriglihé iBlelCaidb! §hal deﬁétupmﬁﬁ_s‘%él %f&ﬁéri@&ﬁié/er
Nt each, g ) Sl AN SSLAC T 57h0° A4 RN e e
stations (BTSHatiopr{MS); at peighboupng o ' ; n the level
andfor quality of the uplink signal has dropped below a predetermined
triggering value at the serving base station (BTS1), and
10 performing handover to the neighbouring base station (BTS2,
BTS3) that has measured the most suitable uplink signal level and/or quality,
when the uplink signal level and/or quality has dropped below a predetermined
threshold value for handover at the serving base station (BTS1).

2. A handover method according to claim 1, characterized

15 Dby instructing an extra transceiver unit at a neighbouring base station (BTS2,
BTS3) to carry out the measurement of the level and/or quality of the uplink
signal of a mobile station (MS) at the transmission frequency and in the
transmission time slot of the mobile station (MS).

3. A handover method according to claim 1 or 2,

20 characterized by performing a handover to the neighbouring base
station (BTS2, BTS3) that has last measured the highest uplink signal level.

4. A handover method according to any one of the preceding
claims,characterized by sending a handover command to the mobile
station (MS) at the transmission frequency and in the transmission time slot of

25 the serving base station (BTS1) from the neighbouring base station (BTS2,
BTS3) which is the target of the handover.

5. A handover method according to claim4, characterized
by interrupting the fransmission of the serving base station (BTS1) for the time
it takes to transmit the handover command. _

30 6. A handover method according to clam 4 or 5,

characterized by sending the handover command to the mobile station
(MS) through an extra transceiver unit of the neighbouring base station (BTS2,
BTS3 A mobile communication system in which a serving base station
(BTS1) measures the level and/or quality of an uplink signal of a mobile station

35 (MS),characterized inthat a base station controller (BSC) is arranged
to
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<15 neasure the level and/or quality of the uplink signal of t?\g %l;i l e
station (MS). 9. A nobile communication system according to cldi m& C
har acter i zedinthat the neighbouring base station (BTS2, BTS3)
which is the target of the handover is arranged to be send a handover
command to the nobile station (M5) at thetgransm ssion frequency and in the
20 transm ssion tinme slot of the serving base station (BTS1), and that the

serving base(MSit¢ hra £ BTXe ri 2 ecd rinnigeica base station edntrélieri{ BSCYMs Setpigekdor
the tine it fakes to transmt the handover conmand. 1 0. A nobile

comuni cati ofr system according toclaim9, char acter |l zedin
that an extra transceommanthneighboutieg basgistationsn@T82, IBERS stoaneasuxe3hs?,

BTS3) 118 2 P dnisforseiidhe) BF AR SIGRITBIHe! Moblle TR PSh i D)

11. A nobil e communic stem accor to any one O .
char act er iz egerving base station (B 1) hasnaasied:anHplink sigeal leyshandies qyality

furt her. handm@rtﬁéﬁf‘aeﬁr‘éd&érﬁﬂnéét g%[@@,wi ng downl i nk 30 si gnfal S

o D i Sadilr 1 Tod RElAHst oo S IS B3

handover decthsitdrasomeasardrhthe stastisuitablenuplink signal leveland/er gealityr ehen

switching ceglers AENRER b5 (BTS1) has measured an uplink signal level andfor
10 quality lower than a predetermined threshold value for handover.

8. A mobile communication system according to claim 7,
characterized in that at least some of the base stations (BTS1-9)
comprise at least one extra transceiver unit each, and that the extra
transceiver unit of the neighbouring base stations (BTS2, BTS3) is arranged to

15 measure the ievel and/or quality of the uplink signal of the mobile station (MS).

9. A mobile communication system according to claim 7 or 8,
characterized in that the neighbouring base station (BTS2, BTS3)
which is the target of the handover is arranged to be send a handover
command to the mobile station (MS) at the transmission frequency and in the

20 transmission time slot of the serving base station (BTS1), and that the serving
base station (BTS1) is arranged to interrupt its transmission for the time it
takes to transmit the handover command.

10. A mobile communication system according to claim 9,
characterized in that an extra transceiver unit of the neighbouring

25 base station (BTS2, BTS3) is arranged to send the handover command to the
mobile station (MS).

11. A mobile communication system according to any one of claims
7-10, characterized in that said mobile communications system
comprises a further handover process which is based on measuring downlink

30 signals from neighbouring base stations by the mobile station (MS) and
reporting measurement results regularly to a base station controller (BSC) for
a handover decision by the base station controller or a mobile services
switching center.
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