Y e 1 A NETHOD AND AN APPARATIRYRR OB
HANDI NG OFF MOBI LE STATION ~ FROM A FIRST TO A SECOND CHANNEL | N A MOBI LE

COVMUNI CATI ON SYSTEM TECHNI CAL FI ELD 5 The invention relates to. .
a ‘met hod for handing off a nobile station froma first channel on a
serving base station to a second channel on a target base station in a*”
nobi | e conmuni - cation system The nethod al so i ncludes handing of f the

mobil e station fromthe first channel to the second channel 10 in the
sefvi ng base sratMBTHODhANDDIAN cABPARATUS | FOR HANDING (OFFh(MORILE f STATION

transm ssion p'ﬁ&ﬁ:"% FERET 6 Sh. szg&ﬁﬁ” £ gnsﬂcﬁ 1£8 8SRUuREERPION
ready to take over, the conmmuni catron w said nobile station
transmitting atB¥8TBMsecond transm ssion phase. The invention also rel ates
to an 15 apparatus for carrying this nmethod into effect. BACKGROUND OF
THE | NVENTI ON In a mobile comunication system e.g. a cellular nobile
radi o system FECHNECAL FTEMD \qof f is the actual switchi ng of an
ongoing call -froma base station in one cell to a base 20 station in

oot ool ol AR LOR ESLAGELEBL Bsh, cor SAMLag ShE "L MRBLAA,
station. station from a first channel on a serving base station to a
second channel on a target base station in a mobile communi-
cation system. The method also includes handing off the
mobile station from the first channel to the second channel
10 in the serving base station. The mobile station is
transmitting at a first transmission phase on said first
channel, said second channel being ready to take over, the
communication with said mobile station transmitting at a
second transmission phase. The invention also relates to an
15 apparatus for carrying this method into effect.

BACKGROUND OF THE INVENTION

In a mobile communication system, e.g. a cellular mobile
radio system, an inter-cell handoff is the actual switching
of an ongoing call from a base station-in one cell to a base

20 station in another cell, while an intra-cell handoff is the
actual switching of a connection from one channel to another
.channel in one and the same base station.

Inter-cell handoffs are performed in order to effect a
change of base station, e.g. due to the mobile station

25 moving in a cellular environment, or to relocate some
traffic from a highly loaded base station to a less loaded
base station.

An intra-cell handoff takes place e.g. if the quality on the
currently used channel falls below the minimum accepted qua-
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“Inter-cell handoffs are performed in order to effect a change of base
station, e.g, due to the nobile station 25 noving in a cellular

environment, or to relocate sone traffic froma highly | oaded base
staation to a | ess | oaded base station An intra-cell handoff takes
pl.ace e.g. if the quality on the current?y used channel falls bel ow thé&
m ni mum accept ed qua- 2 lity
or during a call set-up procedure when handi ng off the nobi | e- station

from a control 14kgneel aheingt aaéall sksrapl proceduiéarhem handing aff dhe

ot ween channoPeRAn ARk enohacl 1 prarERECHEE EP M btRr i |

the nobile station nust resynchronize itself on to the new channel.

Thi's resynchr oghegt agn ﬁq:g%.eggltlalsq:s 1W_leqblrpaﬂdgﬁ i% Perforiidid Bet-

resulting in a non-neg | e I nterruption of peech s |1%n%l whi ch

can cause di stﬂﬁsmglﬂﬁﬁwmh% ‘F"FP’l’GPJt*ﬁeménBSFHQer&EEHne ajiig a

pat ent appl §caphage\@i¥F228nGeS Mpikhownid1ttheé mobile Gtldticrr, rdis Inolbidd o

tel ephone sySte@aft?.ronl qllu}sltalzl' s{rsr?éltmroglze itself on to the new channel.
This resynchronization process takes considerable time, e.g.
200 ms, resuiting in a non-negligible interruption of the
speech signal which can cause disturbing interruptions in

10 the ongoing speech.

The patent application WO 9222966 shows a method in a
cellular mobile radio telephone system for initially setting
a time alignment parameter in a mobile station. The method
comprises the steps of estimating an optimal time alignment

15 parameter for use during communication on a new traffic
channel of a desired base station, sending the estimated
time alignment parameter to the mobile station, and setting
the time alignment value in the mobile station.

The patent application 'EP 0430106 A2 shows a method for
20 hand over i a mobile telephone system, by using mobile
stations with two local oscillators. By having two local
oscillators it is possible to receive on a first channel and
at the same time transmitt on another channel. This can be
used to reduce the time duration of making a hand over.

25 DISCLOSURE OF INVENTION

The object of the invention is to bring about a method and
an apparatus for speeding up the process of handoff between
base stations. A further object is to speed up the set up of
30 a connection by speeding up the handoff from a control
channel to a traffic channel. A still further object is to
speed up handoff between traffic channels in a common base.



a time alignnment paraneter in a nobile station. The nethod conprises the
steps of estimating an optimal tinme alignment 15 paranmeter for use during
conmruni cation on a new traffic "channel of a desired base station,

sendi ng the estinmated time alignnent parmneter to the nobile station,
and setting the tinme alignment value in the nobile station. The™
patent application EP 0430106 A2 shows a nethod for 20 hand over i a nobile
t el ephone system by using nobile stations with two local oscillators.
By havi ng two |skation, tsciavioddorintiexrruptiams bin ther commynigationi int a

channel and sa ' trapsgitt eQn a gg]q chagnel prébegscangige
used to reduce l?%‘éd§2?re dgrgg{:%%%'of %%E: ngta han% over. 25 BI SCLOSURE OF
| NVENTI ON rasynchrevizatione invention is to bring about a nethod and
an apparatus for speeding up the process of handoff between =  base

stations. A further qbject i,s to_speed up the.set up.of 30 a n '
speedi ng up the'mhgﬁd&f"f %H‘&dcai{) rfs}e ‘Betlé‘ﬁ%nﬁgf:ogglggt ?gf Fﬁ% gﬁ%tﬁhglﬁo?%
still furthes ohhfAlyi By} Oprior speesl handafifipfdebermiring ; &y itundmgndal £oi n
a conmon base . . . . . s apSt Aty :
t Wh: tlith

avoid interr upt?%ﬁg pReihe EARIAR R ST nt%rgeth‘%?\%igf?ta lporlf)'ces.s and .
to avoid theffsptobetgeengaid first transmission phase and said second

transmission phase, and, upon handoff, shifting the

transmission phase of said mobile station by said determined

10 time offset relative to said first transmission phase.

This is also attained by the apparatus according to the
invention which comprises a time offset determining means
provided in said target base station and adapted to tune in
to said mobile station for determining, prior to a handoff,

15 the relative time offset between said first transmission
phase and said second transmission phase, and a time shif-
ting means for shifting, upon handoff, the transmission
phase of said mobile station by said determined time offset
relative to said first transmission phase.

20 Examples of mobile communication systems where the invention
can be used are systems utilising frequency division (FDMA),
time division (TDMA), coding (CDMA) and the so called DECT-
systen.

One of the advantages with the inventionen is that the

25 process of resyncronization is avoided, resulting in a
reduction in calculation, which saves computer capacity.
Another advantage is that the speech quality is improved,
due to that an interruption of the speech channel is
avoided.



resynchroni zati on. This is attained by the nethod according to the

i nvention 5 mainly by, prior to a handoff, determ ning, by tuning in to
said nobile station in said target base station, the tine of f set between
sgid first transm ssion phase and said secofd transm ssi on phase, and,
upon handoff, shifting the transm ssi on phase of said nobile -
station by said determned 10 tine offset relative to said first

transm ssi on phase. This is also attained by the apparatus according
tost he i nveBRIEE REBCRIPTRON| OFsDRAWINEG of f set det er mi ni ng neans
provided in said target base station and adapted to tune in to said
nobi |l e station_for ,determning, prior to hapdoff, 15 the relative ti

of f set bet weenT 8 cj-“f"lelné{‘n%  R§ cﬁ'lescgnb?fgs’@ﬁﬁd1§af18%§égoi’&1°w with
transmi ssi on phaference ot the appended drawgngsanenf ehighi fting, upon
handof f, the transm ssion phase of said nobile station by said

determ ned tine offset relative to said first transm ssion phase. 20
Exanpl es of noBige 2oksuai scheématigal cidlustration ofivemobile radim sys-
used are sygteggputilising frequency division (FDWVA), time division
(TDMA), coding (COMA) and the so cal |l ed DECT- system One of the
advantages with the inventionen is that the 25 process of resyncronization

i s avoi ded, repigsingal Z aehshowswdpqaryndqﬁﬂaﬂeﬁiﬂ mranaﬁii@tiwqmases
conputer capaclty. _. ot her adavant s.that,the_s uad 1ty |
| nproved, ‘aﬁéufﬁngha‘?uﬁﬁnﬁ’ nt®r ?‘ﬁﬂaq%gfr# of ™ hthspeggﬁfgﬁarﬁ%eﬁ? S sysq:em

avoi ded. according to Fig. 1.

Fig. 3 shows.a diagram, in which signal strength is used to
10 determine when to make a handoff.

Fig. 4 show two block diagrams illustrating a time shifting
means and a time offset determining means, and

Fig. 5 shows a flow chart illustrating a method for speeding
up the process of handoff according to the invention.

15 PREFERRED MODES FOR CARRYING OUT THE INVENTION

Fig. 1 is a schematical illustration of a mobile radio sys-
tem in which the method and the apparatus according to the
inveption are utilized.

The mobile radio system shown in fig. 1 comprises two base
20 stations BS1l and BS2 which are located in adjacent cells C1
and Cc2. '

The base stations BS1 and BS2 are connected e.g. by cables
to a mobile services switching centre MSC or any other type
of switching/controlling unit, such as a base station

25 controller (BSC), a mobile telephone switching office
(MTSO), etc., used in cellular communication.



4 . BRI EF DESCRI PTI ON OF DRAW NG The invention wll be described
nore in detail below wth reference to the appended draw ngs, on which
Fig. 1 is a schematical illustration of a nobile radio sys- 5 tem
Figs. 2a - 2e show exenplary different tran8m ssion phases occuring
during a handoff in the nobile radio system according to Fig. 1.
Fig. 3 shows a diagram in which si gnal strength is used to 10 determ ne

when to make hando f tvvo bl ock di Qo7 ans i1l ust atl ng a
tifre shifting “rhe W‘B& ;eaﬁ&qﬂqe%esb’f‘w A6 Tretfh SORRF L!t ed ‘e Hg.
5 shows a fl ovbghaables! uetaafingdapmlmobﬁbtcheeeﬂengphone upe tvner o rESTEN S

of handoff ac ng_to V n PREFERRED MODES FOR CARRYI NG
o phandof{ °c1db"9n! 8 hidfinkl’ HbMR"per 13

It is to be understood that many more base stations than
5 shown may be connected to the mobile services switching
centre MSC.

In Fig. 1, a single mobile station MS is shown. However, it
should be understood that many more mobile stations may be
present in the mobile radio system according to Fig. 1.

10 The mobile station MS is supposed to be communicating with
the currently serving base station BS1l on a digital traffic
channel CH1 and transmitting at a transmission phase TO as
shown in Fig. 2a. In fig. 2a-e the time is denoted by r.
The transmission of the mobile station MS is received,

15 delayed due to a propagation delay dl, in the base station
BS1 at a transmission phase Tl as shown in Fig. 2c.

The base station BS1 supervises the channel CHl1 by monitor-
ing e.g. the signal strength and/or the bit error rate.

Fig. 3 shows a diagram over the variation of the signal
20 strength SS from the base stations BS1 and BS2 with the
position of the mobile station MS from the base station BS1.

The mobile station monitors the quality (e.g. signal stre-

ngth) of the channel CH1 belonging to the base station BS1

and the quality of the channel CH2 belonging to the base
25 station BS2.

The distance between the mobile station MS and the base
station BS1 is denoted by X. A curve S1 shows the signal
strength from the base station BS1l and a'curve S2 shows the
signal strength from the base station BS2. The mobile



Fig. 1 is a schematical illustration of a nobile radio sys- temin
whi ch the nmethod and the apparatus accordjng to the I nvention are
utilized. The nobile radio systemshown in fig. 1 conprises two base
2¢ stations BS1 and BS2 which are |located ingadjacent cells Cl and C2.
The base stations BS1 and BS2 are connected e.g. by cables to a nobil &
services switching centre MSC or any other type of '

swi tching/controlling unit, such as a base station 25 controller (BSQO),

mobi | e tel ephorta:suibnmaglaé feartact iA3IDe taaffic whannelc §HL wWith the

conmmuni cati on h
a dlrectiéh towardg'ﬁhébﬁhbé
services smﬁtcmrﬁfcgﬁ?tloﬁsgﬁﬁsﬁQ%n%8¥g én cables to a flée

public switchedstatipnod®2 ndimgr Iflwstl\POSlt&P%antlaerﬂ‘m sFRRngt LT
It is to be undeiet pade! BeatiBAY B G.Lé38§P1,Sta’\ﬁd0ﬂﬁet Bdgnald ShQWﬁqtmyfbem

2ol ngl o otk | CREaPRBR FEAFLORNBRA. LhoRader SiPEE the Bignal strendeh 2™
is greater than the signal strength S21 the communication
with the base station BS1 continues. In a second position X2
the signal strength S12 from the base station BS1l is less
than the signal strength S22 from the base station BS2,

10 resulting in a handoff from the base station BS1 to the base
station BS2. The mobile station MS measures regulary the
signal strength from the base stations and reports the
results from the measurements via a control channel, for
exampel the SACCH channel in the GSM-system, to a the mobile

15 communication system. The results can for example be
reported to the base stations BS1 and BS2 via a control
channel or to any other type of switching/controlling unit,
such as a base station controller (BSC), a mobile telephone
switching office (MTSO), etc., used in cellular communica-

20 tion.

It should be obviuos to one of ordinary skill in the art,

that the mobile station MS can monitor the quality of the

channel CH1l in other ways, e.g. by measuring the bit error

rate (BER) instead of the signal strength in a similar way
25 as is described above.

When the mobile station MS is connected via the channel CH1,
the mobile station MS monitors the quality of the channel
CH1, e.g. by measuring the bit error rate and/or the recei-
30 ved signal strength S11 on the channel CHl. In addition, the
received signal strength and/or the bit error rate on some
given channels, e.g. channel CH2 located in neighbouring
cells should be measured, for example the signal strength
S21 from the base station BS2 in the cell C2. Such measure-



shoul d be understood that nmany nore nobile stations may be present in

t he nobile radio systemaccording to Fig. 1. 10 The nobile station M5 is
supposed to be comrunicating with the currently serving base station
BS1 on a digital traffic channel CHl1 angl transmitting at a transm ssion
phase TO as shown in Fig. 2a. In fig. 2a-e the tinme is denoted by
[err]. The transm ssion of the nobile station M5 is received, 15

del ayed due to a propagation delay dl, in the base station BS1 at a
transmi ssi on pheatsThrs Hnbbiated Fiy. the. mobileTratakion M3t bynepg: the

supervi ses the npel ..nonitor- ~ ing e.g. the signal strength
and/ or the bitbgggo%%F§S§$ Bﬁl' Fig. 3 shows a diagram over the variation

of the signal 20 strength SS fromthe base stations BS1 and BS2 with the
posi tion of thenaDhdauHetdritis Mt ftmen éhéeniebe arat compBbéd e.g. The the

nmobi | tati It .th lit . Q.. .SI. | . - h

Channel "Gl bePBRG: REaE4oRiRShaze the fiohii asevithg sricqhibd s d fiec

tCEan neL_ ICH25 t)eb_ynmbanihgdab etha sed] widisiignaBSatrengthshandy er dvitte egaioxeen
e nobile station e t «BS1 t X.
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shows t he schaanedis.ength fromthe base station BS2. The nobile

If the comparison indicates that the connection is better

served on another channel on the same base station BSl1l or by
10 another base station, e.g. base station BS2, the base

station BS1 generates a handoff request to the mobile

services switching centre MSC. In the latter case, the base

station BS2, in its role as target base station, will be

instructed to take over the communication with the mobile
15 station MS on a channel CH2.

In an alternative preferred embodiment, base stations neigh-
bouring the currently serving base station BS1l, tune to the
channel CH1 currently used by the mobile station MS and
measures the received signal strength. The results of the

20 measurements are reported to the mobile services switching
centre MSC. If a comparison of the results indicates that
the connection is better served by another base station, a
handoff to this base station will be performed.

In Fig. 2a-e the square puls indicates a burst in a TDMA-
25 (Time Division Multiple Access)-system, even though the
figures are representative for other systems as well, such
as systems utilising fregquency division (FDMA), coding
(CDMA) and the so called DECT-system. '

The desired transmission phase T2 of the mobile station MS
30 on the channel CH2 is, as shown in Fig. 2b, displaced in
time by a time offset T from the transmission phase TO of



6 station M5 has contact via the traffic channel CHL with the base
station BS1 and noves in direction towards the base station BS2. In a
first position X1 the signal strength from the base station BSl1 is Sl1,
aprd the signal strength fromb5 the base stagion BS2 is S21. Since the

signal strength Si1 Is greater than the signal strength S21 the ~
conmuni cati on with the base station BS1 continues. In a second position
X2 the signal strength S12 fromthe base station BS1 is |ess t han

the signal str&hgt mobilef stating MEsensthei chapsel CH1,rshaVRi kg Figa 2a.
handoff from t hfebagpafbmis@{oMShHasd @3DS€ the Shebive Btatidie MBbId®

station MS neasures requlary the S|gnal %rgngthfromthe base stations
and reports thEhannel CH as; regeiNedpcdedr¥radnfue, tq 3 REORIFRCLID HRtaY
for exanped2t, hd nSAHe bdms netat ion hBSSShe s ghvam ino Fig.hedwlShewnl S5in

conmuni cati gn st T 7 | f I r
Che base st 8ti EASSRER Ag) the, tralesith sHadd R ok Vhe noBLCTSEHEE
type of switchMBgasodesired e be xeceivedcdelaysd due toatherpxepagatian

(BSC), a nobil gefghe 'nte_j_n th%""ibta%@'l %q:a%f,-jancwvrrsq, etc., used in
I on. S

cel l ul ar comuni ca- oul d be obviuos to one of ordi nary
skill in the art, that the nobile station M5 can nonitor the quality of

EBER) _ changehsck%ohﬁ_, Otﬂlértﬂi@dﬁ‘ofi%é_}: 'Ib)be!m_alaw the agﬁibéa ﬁaﬁmissidzgt e
i nstead of _the sigpal_sirengt R_a m | af, wa s crihe
above. V\R&ﬁsﬁng%ngglel E°§ti§?i 8ﬁa+'vé°f‘sﬁ%oﬂﬂeﬁ’ﬁdx’\}?ﬁn?ﬂec%%agﬁgsf' (%’,
t he nobi | e16t aandnthe trvanswmissiop phade tof dthe mokdliznsthtion MSienechanhy
measuring the Qi or fsat e Ay de dfhfia Y | Sl e 15t K eerl 1
on the channel Hégla{ld grd%int i%g, Jl%e s as 3!91e' €fne : €
' the transmission phase of the mobile station MS on the
channel CH2 as desired to be received in the base station
BS2, Fig. 2e, and the transmission phase, as received in the
15 base station BS2, of the mobile station MS on the channel
CH1l.

According to the invention, the time offset T between the
transmission phase of the mobile station MS communicating on
the channel CH1, as received in the base station BS2, Fig.
20 2d, and the desired transmission phase of the mobile station
MS to be correctly received in the base station BS2 on the
channel CH2, Fig. 2e, is determined in the base station BS2
by a time offset determining means TODM adapted to tune in
to the mobile station MS. The time offset determining means
25 TODM will be explained in the description of Fig. 4.

Prior to a handoff, the mobile station MS is informed about
this time offset T or provided with information allowing the
mobile station MS to establish the time offset T, e.g. in
that the base station BS2 informs the mobile services switc-
30 hing centre MSC, which in its turn informs the base station
BS1 which in its turn transmits this information about the
time offset to the mobile station MS. This information can
be sent by using a control channel, e.g. the SACCH channel.



received signal strength and/or the bit error rate on sone gi ven

channel s, e.g. channel CH2 located in nei ghypouring cells shoul d be
measured, for exanple the signal strength S21 fromthe base station BS2
it the cell C2. Such neasure- 7
ments are initiated in the nobile station M5 by e.g. the base station ™
BS1. The ppafAuhaARABIETE,Ofi e wiwan e molei bonptatdon. ¥S iis the startase

tati BS1 th bi ' it chi [
Cevel ved i gnpoRBPBLgarang wibh Ehe "hose, Sa€leh Bsdene Hon R dihion "°
nmobi | e stati orM&5 ¥sa instrutted chanmshift its|itranswission s@haseli & es

T e AR Fip 28R R AR e ey e

station BSl or ] tron, e.g., base station BS2, the base
station BS15 gebbeatransmigsion’ phagee M2 tareerding te Fig.sep, of channel

sw tching centgga2MSC. In the latter case, the base station BS2, inits
role as target base station, wll be I nstructed to take over the
communi cation with the nobile 15 station M5 on a channel CH2. In an

al ternative prebeaceomplitsHi this, thessolsilke¢istatienMs is pirowidedy with a
currently Serv{ﬂﬂeb%%ﬁfiﬁﬁg‘ﬂééﬁgLTéﬁ”ghéﬁiééeto shift the transmission
phase of the mobile station MS by the determined time offset
10 T. The time shifting means TSM will be explained below in

the description of Fig. 4. '

Hereby, the transmission phase of the mobile station MS will

be adapted to the correct transmission phase on the channel

CH2 without any need of resynchronization prior to the
15 initial transmission on channel CH2.

Fig. 4 shows the time. offset determining means TODM,
comprising a correlator 10, an 'apparatus for time
measurements 12, and an apparatus for time calculation 14.
The correlator 10 obtains the mobile stations MS

20 syncronization word 16 from the mobile communication system
and receives the demodulated data 24 from the mobile station
MS. At its output the correlator 10 generates correlator
trig pulses 18, which are received by the apparatus 12 for
time measurements, which also receives frame timing trig

25 pulses 26 corresponding to the timing of the target channel
CH2. The apparatus 12 generates at its output a time value
20, indicating the time between frame timing trig pulses 26
and correlator trig pulses 18. This time value 20 is
received by the apparatus 14 for time calculation, in which

30 the calculation of the time offset is done, and on which
output the time offset 22 is generatéd. The time offset 22
is essantially identical to the time offset T in fig. 2.

When the target base station BS2 shall verify the mobile
station MS it gets the syncronization word from the mobile
35 communication system. ' |

&



channel CHL currently used by the nobile station Ms and measures the
recei ved signal strength. The results of thg 20 measurenents are reported

to the nobile services swtching centre MSC. [f a conparison of the
resul ts indicates that the connection is better served by anot her base
station, a handoff to this base station wll be perforned. In ~

II\:/IUIgt . 2;’1- eAt he gddar a pilso ishdwea hth& aiﬁarshiftingTMnSZSS{ﬂ'i genprisingna
i pl e Accesg)-.Syste even 0] e | QuUr §s AR n | or
other systens i’?’\%l??ﬁ%’ﬁ% °or 5'ag'g'rs}'f§t g%neurle‘JT%sli %g_ rc%iuencf/ag‘gi \ilﬁglé%ﬁai
(FDMR) , ~ codi ngclock Cohghakné tfiremscthel mobibeCEtAtiam and pp gtfsetd

Lransmi ssi on pYasgel OfmidicofRbid it |@udfertds 0n  the coan0e1aElE tomeas
shown in Fig. 2b, displaced in time b%ati)me offset T fromthe
transm ssi o pﬁgg@eﬂ) 22 in Fig. 4 described above. e trig gen%rator 2
Ehe nobi | e Staﬁmx%“té&fl hﬁe :I?f%l_n:&ﬁkpﬁldl,ssw burst gtrig. puls@ded. By
ransm ssi on phase of .t he iJe stati . I
nggei vedh del ag nging fthe p?%%%%tat‘{ e Mf@i?z?giﬁft egbg;g?s?g%fgﬁ'

i s shown i d.l.gthad phaisewfi the pHse train, tis shifited sandhhgngecthe
of the nobile | s LE€ i ,edlelghee e
pr opagati on %Q%télfg;g, ucff,t :@lﬁ]gqgggé gt%ét}ll 2% BSZ2. 26Yied! gtqg:q birke
10 trig pulses 4 is used to initiate and syncronize the

transmission from the mobile station MS.

The time shift means TSM is in this embodiment located in
the mobile station MS, but it can also be located elsewhere,
e.g. in the base stations or in the mobile services

15 switching centre MSC. The time offset determining means
TODM is located in the target base station BS2, but can also
be located elsewhere in the mobile communication systen,
e.g. in the mobile station Ms.

Syncronization word, time offset, frames and other expres-

20 sions used in the description of Fig. 4 are well known

' expressions for those ordinary skilled in the art and are
described in the standard TIA-IS-54.

Fig. 5 shows a flow chart illustrating the method for
speeding up the process of handoff according to the
25 invention. The base station BS1 is serving the mobile
station MS and the basestation BS2 is acting as target base
station, in accordance with Fig. 1. The flow charts starts
at step 46. Next, at step 30 the mobile communication system
detects the need for handing off the mobile station MS from
.30 the serving base station BS1 to a target base station BS2.
The detection can be done by measuring the signal strength
as has been explained in the description to Fig. 3 above. At
step 32 the system requests the target base station BS2 to
verify the mobile station MS, which is a well known
35 procedure. During the verification the target base station



As shown, the tinme offset T between the desired transm ssion phase of
the nobile station M5 on the channel CH2, Fhjg. 2b, 10 and the transm ssion
phase of the nobile station M5 on chan- nel CHL, Fig. 2a, is the sane
as the tine offset T between the transm ssion phase of the nobile
station M5 on the channel CH2 as desired to be received in the base

station BEs2 Ridhed tat diep NP4 LEGEHE FieRfueantas©f the aodiided statiba 15

base station , O he_ nobi | e ation NB t I :
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received int ' e S| d, stk esind S @Ehayiton
phase of the %%%?%fg?é#%ﬁﬂ %?T\/Stﬁ% g.lg%g(%r%r ect | ‘srrg?éig\./ din F%laﬁ.bg%:t
station BSX orcemeinues il step 364 ¢n ¥BAChcthi: EATISR PRSP (e AT, BS2
To the mobi | & e I R e Bt ot me g, rears 25 1o ALL b
, .. The tjme offs ete nLn . '

expl ai ned in tHes decane fininginqrder to 4G w?o#rg%g}aﬁﬁf?, e‘é“nekv ©
_rm?u | e f_tatiolrtlzlh&xﬁali aéweadhgigcnue tardét baserestdtibon BS2: Stepi 36dis th
I nformation allow.ng the . [ t atel S tq ofyfgset
T, e.g. in p?ﬁt?g?ﬁg PR et at#%‘ﬁéB %lf%%?gy%nés@?ﬁ%{]ﬁ%ﬁl glerggfr:svii.cg?sv?ﬁfstsc-
30 hing cendredeseribhdcabovei in thendesenipkiomctoBigsid AfFer Step 36

which inits tyf b "idp 8,5 iR UM OBhabAirddie base! i StatiéneBs20
the nobile station . Thi's information cag . pe gen{__ @(-_US'{@ atcor%lrol
channel, e.g. ¥eRorkecthenhhime offset T determined a ep 36, to e
mobile communication system, e.g. to the mobile services

switching centre MSC or in a GSM-system to a base station

15 controller (BSC), which can control several base statio,ns.

At step 40 the serving base station BSl includes said time

offset in the handoff command to the mobile station MS.

Next, at step 42 the mobile station MS shifts to the new

frequency and, by using said time offset, shifts its burst

20 structure to allow immediate transmission without further
measurements. The shift is performed in the time shifting

means TSM described above. At step 44 the handoff of the

mobile station MS from the serving base station BSl1l to the

target base station BS2 is performed. The flow chart ends at

25 step 48 which comes after step 44.

According to the invention the target base station BS2 can,
by monitoring the transmission between the mobile station MS
and the serving base station BS1l, measure the time offset T
which the mobile station MS must shift its transmission

30 phase to fit the timing in the target base station BS2. The
time offset T measured includes both the difference in the
timing between the serving base station BS1l and the target
base station BS2 and the difference in transmission delay
between the serving connection and the target connection due

35 to difference in distance from the mobile station MS to the
respective basestation BS1 and BS2.



Upon handoff, i.e. when the nobile station MSis to start conmuni cat i ng
wth the base station BS2, the nobile stati:;pp M5 is instructed to shift _
its transm ssion phase TO according to Fig. 2a by the determ ned tine
offset Tto fit 5 the transm ssion phase T2 according to Fig. 2b on channel
CHz. To acconplish this the nobile station M5 is provided with a
time shifting 'rrhenmoBSMea@tﬁHﬂdaﬁ ossreteiviee arhandofsi commandhecwprisimie

bi |
reans ToM i |1 hE Bex AR R tid Hedthid fihe lorddte 4 Frie adnite
Her eby, the tr stakiicon aiqmmmratﬂe negteives an estimated Valtb% efithed
to the correct ¢fpanaHl; ?ﬁh%tp?éi-etﬂa Y ion. ihcl theUtimdYofssk Of

resynchroni zati on prio Initiral tranpsm ssion_on channel CH2,
Fig. 4 show? tReedes: forr correstePRrstngYRERARiFABIPN of the transpission
correlator 10of &he NS L&aﬁmn thug is giveasirenenicbile stution Ms

apparatus for tine calcul ati The _correlato tains .the
nobile stati oh?eﬁ\/sn? g?ﬁ ro ?zeﬁ'?%fho%r& 1€eFVg'ﬁrPﬁé‘zﬁgﬂ'8P' prior hto
comuni cati on Styansmittingnanyedsirsds.t he denodul ated data 24 fromthe

nobil e station M5. At its output the correlator 10 generates correl ator
trig pulses 18, which are received by the apgarat.us 12 for |  tine |
measur ements, WA cthel sethodi @§§°Ffiétﬁ9' t%on ®het rinvemtion| 3ss ysed 1in a

cor respondi 89 tsyntdi%dﬂz@dﬂ%ﬁtéme iaé.g%aﬁaﬁﬁiﬁon S and NEs 2N tttfe 12
generates at its output, a tine xg I ndi c Eg éhetlmebtv%«r-z“‘;‘a
frame tining tPRY% ipingg anothgy @&"P& Jﬁlghﬁ | the measpred %
value 20 is offsat weill by behethppeovzrestl Adifffexterae chhcdlime cal ignmest ch

30 the calcul gLignell 4 LiFeRE! 6hnbordBAC nd L Gt confuletn ! Ne

time offset 2271's genera
Thus, the correct (not estimated) time allgmnent valuefor

15 the new connection can be calculated.

According to the invention, a similar procedure can be used
in connection with a set-up of a connection between the
mobile station MS and a base station. During such a set-up

20 situation, a handoff of the mobile station MS from a control
channel to e.g. a digital traffic channel on one and the
same base station could be part of the procedure. As
indicated above, such a handoff is one possible type of
intra-cell handoff. Also in such a case and for other types

25 of intra-cell handoffs, e.g. an intra-cell handoff between
two traffic channels, a time-consuming resynchronization of
the mobile station will be avoided.

In the above cases of intra-cell handoffs to the same base
station, the channels are supposed to be non-synchronized

30 and/or to have a phase difference unknown to the mobile
station.

The time offset T that controls the transmission phase shift
of the mobile station at handoff does not have to be
"exact". It is énough if the time offset controls the mobile
35 station good enough in order for the signal of the mobile



Is essantially identical to the tinme offset Tin fig. 2. When t he
target base station BS2 shall verify the nppile station M5 it gets the
syncroni zati on word fromthe nobile 35 comruni cati on system

10 Fig. 4 also shows the tine shifting nmeans TSM conprising a

trig generator 2, which generator 2 receives an internal cl ock signal *8
fromthe nobi lstasttizén onokS tamdcabl dfiésatith theal sighialShehHfdtker vabbilé
depends on theg C t td 5 S 4 a he
tri g generat or cméle‘rifgdraéergﬁ'ha t& é §%F§g¥ lﬁ% %Jbt rp%ess{iﬂﬁe% ngeﬁd_
changi ng the metrwms%mnephaaengf othehwobilg gtatien t° Wﬂ-tblnt‘ﬁbe

phase of the Ruhi® (iAEBw wheld fd %n%%ﬂfmléﬂeword Lot IO UESENA M 48
pulses4can be controlled The sta bu,rst 1Q trig pulses 4_.is used to

initiate a?d SARSonit_NGSe the defermin t o 8 ehaver i &/ nRe
The tine shifiquarttbzdd®M is in this enbodlrrent | ocated in the nobile
station M5, but it can also be | ocated el sewhere, e.g. in the base

stations or i.n the nobile services 15 switching centre MSC. The tinme offset
det erm ni ng rr@amsneansToI)Mthe methiodd and tthe tappRratizs caccarding B82, thet

can al so 9&1?{@1%&% tidn6£ BRI PH@‘%}} H G &Y% n&&ion
e.g. inthem)lle stato ﬂ o@ncromz’%‘?on é(?g time orfset,

frames and ot Wdithox@r handoff, will be so short that the disruption may

10 easily be masked by a speech decoder (not shown), resulting

in a more or less seamless handoff not noticeable by the

human ear. A disruption of less than 40 ms has been
obtained.

The term handoff used in this application comprises handoffs
15 from a first channel in a serving base station to a second

channel in a target base station, handoffs from a control

channel to a traffic channel when setting up a connection

between a base station and a mobile station, as well as

handoffs between traffic channels in a common base station
20 and other possible handoffs.

It is to be understood that the terminology used herein is
for the purpose of description and not of limitation.



20 sions used in the description of Fig. 4 are well kno
for those ordi hary Skilled in the art and gfe descr ijbétiS SHEHEHAS BEGar {
Tl A-1 S- 57 Frg—5shows a flow chart illustratingl|the mMBERLACEDr 1

speedi ng handof f according to the 25 inventrorm The

stat I on Bgmﬂiﬁmﬁ!m%m"mi nobi | e station M5 and the basestation BS2 s
cting as txaarget Lbase s « station, in ackikXMehce with Fig. 1. The flow

charts starts at step 46. Next, at step 30 the nobile comunication

system detects _the need for hand| ng of f the nobile station M5 from 30
the serving bidse stidtidobdi et&%ml“aﬂg’éttlﬁasél"é?&%“voﬂ pephod forphanding

det Fct l 03 canto?]fe dprmﬂmtémﬁ&%ﬁm (N stbila Sﬂiﬁlgt&hanneﬁsgdfmﬁ ben?ﬁl a
expl al ne I N e I 1 ONn . ys em
equests the PREYAREJuRe (arebiondindtf 5 s, perpna, Ehalnet G e
which is aS\A/eR:hrlgled:vm Iser cstatien [O(BS2jg t @ ickr inokxike onstakeiomr geMSpase

station tra(xj:slmo(%?_%.rﬁwgét U SR Wredibdils i Jr?gﬂ?%g 8;1 t%}({mﬂll_.&

station M5 an e syncroni zat1 on

target base sFhgn®elp$SHIIn srid spePndfhannak | (ﬁ}i&)hbelnq §§ﬁﬂVf tedtake of

the nobile staviesn Mpe T%nﬁﬂlﬁiﬂcfa't@.bh Swentlgasa V\m&bﬁéepséétmﬂ ths)h
the target ba e st at, |t(%n BS2 et er ntinme

|
station NG m Ingat @ FEONA FRANPRLGPUGR PRATS. (FRATICHRFL79A ng
of the neho byhannel served by the target base station BS2. Step 36 is

"o the descri pt EEE Epy ¥ naRIGEE, (pBlelRIingy My Nudiing °18' (& SRE °
the target bamebddet |s¢|at|§$m (MS) in said target base station (BS2), the
relative time offset between said first transmission phase
and said second transmission phase, and
15 -~ upon handoff, shifting the transmission phase of said
mobile station (MS) by said determined time offset relative
to said first transmission phase.

2. Method according to claim 1, characterized in that said
mobile station (MS) is informed about said determined time

20 offset or provided with information allowing said mobile
station (MS) to establish said determined time offset, prior
to a handoff.

3. Method according to claim 2, characterized in that said
mobile station (MS), upon a handoff, shifts its transmission

25 phase by said determined time offset relative to said first
transmission phase.

4. Method according to claim 1, wherein said serving base
station and said target base station are one and the same

30 single base station, characterized in that said time offset
is determined in said single base station.

5. Method according to claim 1, characterized in that said
determined time offset is quantized



reports the time offset T determ ned at step 36, to the j~==——s8
cofmuni cat i on syj{ ”ﬂ"ﬂll]ﬂml nobil e sefygices , swi

or in a GSM syst m on 15 controller (BSQ), whiRgp
control several base stations® * At step 40 the serving base=

i ncl udes said tine offset in the handoff command to the rmblle statlon
V. Next, at6.ste@dm2at mohidle | eomhahiocatifnslsysten,0 ahe apparatus for

(7 equency and, Hading'6 e bubb iE 0Lk on fhd Fidh? D43k naghEtfetif) |2

aliow imedi ate tran Ssion W measur ement
perforned in t< R @ Seryingibage statiens(BSN ko @ iseeondochanngl (€HR) 4an

the handof f of al Barget BABE! St&t8bhOMBAD) | réH‘id %ﬁqréfs%at%ﬁe(ﬁé?tt%ﬁsl
to the et b_ase statlonBZ|s er ned. flow_chart ends at

step 48 whi ng at g &3rpk tra sm%&%’o?launaaﬁs tsﬁédl iR O?P%%el
target base stz(nlnr) B3 idirsecond byhannel o{CHY ) t beinganadysite tukeesver he

orfset T o Cuit, conabidcabloRieY R e R ackite ta¥the [HET L Fanclit iRy
phase to fit th& @ rﬁeqyndwtma@msyétorbmﬁ.atqma&um by tine offset

T nmeasured i nclu [ ﬁﬁ:ﬁ
servi n; base s%ﬁ}nﬁ%tsrbé;r%?réé%r ﬁd] lIi'{%se gtat | on an% )(hlpesald

di fferencelPfn Rasy ’EIE?E"P" (%ﬁat)méé“’ taRaRked i k9 EBHﬁeé-ﬁ dTrP Sridhe
t ar get ﬁonnect mob idee s'ifatbidh dmé)e; eﬁeglaatémmaﬁg,f pioirh & i hendd et on
M5 to the e ve. bas at
15 101" e SBRPRELYEIVE ETRR, sthapE BOfucth: poidnfi o AR SiRpion
the new channephase tand rsaa.dused:dndm:na‘ﬂsﬂtss'ﬁ.onﬂmxasd),l lamd

- a time shifting means (TSM) for shifting, upon handoff,

15 the transmission phase of said mobile station (MS) by said
determined time offset relative to said first transmission
phase.

7. Apparatus according to claim 6, charcterized in that
means are provided to inform said mobile station (MS) about

20 said determined time offset or to provide information
allowing said mobile station (MS) to establish said
determined time offset, prior to a handoff.

8. Apparatus according to claim 7, characterized in that
said time shifting means (TSM) is provided in said mobile
25 station (MS) and is adapted, upon a handoff, to shift the
transmission phase of the mobile station (MS) by said deter-
mined time offset relative to said first transmission phase.

9. Apparatus according to claim 6, wherein said serving
base station and said target base station are one and the

30 same single base station, characterized in that said time
offset determining means is provided in said single base
station.

10. Apparatus according to claim 6, characterized in that
means are provided to quantize said determined time offset.



station al so separately receives an estinmated val ue

alignnent for the new connection. Since the ti me“““ ju“iﬁﬂrlwg i“[e
correct burst syncroni zation of the transm ssi on station
thus is given, the rmblle statlon I\/S 6 does not need to performa
resyngronl z ;g prgyg #tl%&%g{ ILE sﬁﬁéﬁ@‘@ hod
accor |ng

station. B81 g ave se{ir%‘e | m ng, "anot @anfmge |s1{ t the
measured tine of f set WI|| be the correct dlfference in time alignment
bet ween the current connection and the tgggekaggennecti on. Thus, the
correct (not estimated) tine alignnment valuefor 15 the new connection can

be cal cul at ed. According to the invention, a sinilar procedure can be
used in cor#\%c@imnbwltehcanmmigaﬁfora systeat i2omethiode and ha appandaitius

station M5 andegrbpanadiil ¥ Méﬂﬂl?“&@aéhéﬁt [8) 2 29raint uakg%t ep'm%aff

of the nobil e tatlon M5Troma contr
traffic channet<dh) of® fSeFREing base t?és?é:lg’htﬁﬁﬁi)co?ﬁdabﬁeﬁaﬂﬂ chammel

pr;)cedurlel sﬁs (CHnmdldiﬁtaedtabgéﬁ, bage) s’i:diﬁﬂii’pf(sttﬁ)PnQamSﬁthQet ¥Ration
intra-ce an in.spgch a _gase ot her Res

intra-cel | han&gﬂ A{Lé %nsx% ?’if‘lgaac 13 %%{ﬁﬁ fft Féﬁﬁé‘&g tﬁ’ibaﬁ? aPpj said
channels, at |fmr§bn§hmm@]r e[SHILhy osakdt s5econd chahhel MRy Bedhigomreaidyl

be avol ded,  vo ¢akNey BP0V (A8RAIchEloR ok BN T BATEASe

station, the channels are su € non-synchroni ve
a phase differehRBSBALART taG fheeaemnd &ranswiq;hphase. whieretinma &fimect -

T that comto oloffber Gearafiisrimy BEAAS obl) is Proviuebihecsalat karqdl
handof f does @ésgavgagzgo%e (BS2) and is adapted to tune in to said mobile
station (MS) for determining, prior to a handoff, the time
offset between said first transmission phase and said second
transmission phase, and a time shifting means (TSM) is
15 provided for shifting, upon handoff, the transmission phase
of said mobile station (MS) by said determlned time offset

relative to said first transm:.ss:.on phase.

Fig. 1.



"exact". It is enough if the time offset controls the nobile 35 station - -
good enough in order for the signal of the nobile

13 ~station not to collide with th signals of other nobile
stations and if the tinme offset makes it possi ble to control t he

transm ssio £ Qfpt | | Mid NoFr UBILE STAEION NdoM
where a S%%ﬁ@ﬁé '%%@%ﬁﬁ&?ﬁdﬁfﬁﬁonﬁ@mmammm$mﬂ m ned
time offsets have to be guant | zed. By nmeans of the nethod and the
apparatus according to the i nvention, the disruption of an ongoi ng
speech in connection wi th a handoff, assirRAD® so short that the

di sruption nmay 10 easily be masked by a speech decoder (not shown),

resul ting in a nore or | ess seanl ess handoff not noticeable by the
human ear. A difdy @mahilg campunigation mystenoamethodngd 38y apparatug,e

tern1handoff U%@%iﬂhﬂ&&ﬁgaéfk!Sahbﬁﬁléogﬁéhieﬁ hﬁB@OE&%mii feie@ta chamtel
channel in a serving base stati,on to a secon n_a tar.get bas

d nel i
station, handof{CE¥) PR a2cS/EVINT b?ﬁﬁﬂﬁﬁﬂt%?Pafﬁggffgg Ehﬁﬁﬁgpdwﬁ®ﬁnne
setting up 8 CUOHI) ion a tatigstebasdaseatsioni (BS2)¢ saidbmbbileatstarticas

el er oo R AT ke SRt o el
t ermi nol ogy us&dxsdr ethhangel (CH1), said second channel (CH2) being ready
to take over the communication with said mobile station (MS)
transmitting at a second transmission phase, wherein a time
10 offset determining means (TODM) is provided in said target
' base station (BS2) and is adapted to tune in to said mobile
station (MS) for determining, prior to a handoff, the time
offset between said first transmission phase and said second
transmission phase, and a time shifting means (TSM) is
15 provided for shifting, upon handoff, the transmission phase
of said mobile station (MS) by said determined time offset
relative to said first transmission phase.

Fig. 1.



for the purpose of descrlptlon and not of Iinitation.

14 - GLAI M5 . In a nobile
comuni cati on system a nethod for handlnglgffé a nobile station (M)
.froma first channel (CHl) on a serving se station (BSl) to a second

channel (CH2) on a target basg_ 5 station (BS2), said nobile station (M5) *

transmtting at a first trcns si on phase on said first channel (CH1),
sai d second channel ( | ady to take over the communi ¢ation
wi tth said nobile stati i ng at a second transm ssion
phase, characterised hy. 10 Igr to a doff, determ ning, by tuning

in to said nobil g stgti

in said ta t base station (BS2), the
rel ative tine offset
transm ssi on phage, and
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15 station (MS) by said determned tinme offset relative to said first
st ransm ssi on phase. 2. Method according to claim1, characterised in
thhat said mobil e station (MS) is informed about said detérmned tine

offset or provided with information allow ng said nobile station 20 (M)
to establish said determned tine offset, gé(( to a handof f . 3=
Met hod according to claim1l, wherein said VI g base station and
said target base stationggre one and the same single base s&g i on,
chafactérised in that saig time offset is 25 deternmined in saidégingle
base station. 4. thod according to claim1, characteris in that
sai d determ ned ti ng\of fset is quantised.

TSM Fig. 3 o
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5. In a nobile comunication system an apparatus for handi ng off a

nbbi l e station (M5) froma first channel L} ON a servi ng base
'station (BS1) to a second channel (CH2) {fﬁget base station
(BS2), said nobile station (M5) transmitting at a 5 first transmssion
phase on said first channel (CHl), said second channel (CH2) being

ready to take over the comrunication j+h~gai d nobile station (M)
transmtting at a second transm ssi off phase, characterlsed by;
a time offset determning means (TODM), prRyided i arget 10 Dbase

station (BS2) and adapted to tune in to sai d~pBfl e station (M5), for
determ ning, prior to a handoff, the relative fine offgét bet ween
said first transm ssion phase and _second transm ssion phase, and
atinme shifting neans (TSM fof shifting, upon handoff, thsg
transm ssion phase of said gobile station (M5 by saifd 30
determned tinme offset relativefjto said first transm ssion phase.

6. Apparatus according to cl« at nmeans
are provided to informsaid nobile station ( about said
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20 determ ned tine offset or to provide |nformat|on aIIovm ng sai-d

mobirl e station (MS) to establish said determ ned tinme ofjEset 0T

a handoff. . 7. Apparatus according to claimb5, whdf ﬂEﬁLA§§M§ @r"\ﬁEﬁg
.base . station and said target base station are one apd thezgargasml e
25 "base station,” characterised in that said tine offset}| detecrm n{fg:-===
means is provided in said single base sthtion. 8.

according to claim 5, <characterised in that nmeans are provi

quanti se said determ ned tine offset. AH"{",WI{H"M
16 A METHOD AND AN APPARATUS FOR HANDI ¢&afis MOBI LE ST ,“,Hm TO
A SECOND CHANNEL IN A MOBI LE COVMUNI CATI ON SYSTEM

ABSTRACT In a nobile conmunication system a nethod and an appar at us
for handi Ag of fINa andisides iqammymnicRtion: syskem, r & mefigdelfor handing ¢ffa

serving base %ﬁf'o&:éLBSéﬂ t(ﬁsf‘ %%88”% Cfl%@e'channel (CH1) on a serxrving

base station (BS1l) to a second channel (CH2) on a target base

5 station (BS2), said mobile station (MS) transmittiﬁg at a first
transmission phase on said first channel (CHl1l), said second
channel (CH2) being ready to take over the communication with
said mobile station (MS) transmitting at a second transmission
phase, characterised by;

10 - prior to a handoff, determining, by tuning in to said mobile
station (MS) in said target base station (BS2), the relative
time offset between said first transmission phase and second
transmission phase, and
- upon handoff, shifting the transmission phase of said mobile

15 station (MS) by said determined time offset relative to said

first transmission phase.

2. Method according to claim 1, characterised in that said
mobile station (MS) is informed about said determined time
offset or provided with information allowing said mobile station
20 (MS) to establish said determined time offset, prior to a

handoff.

3. Method according to claim 1, wherein said serving base
station and said target base station are one and the same single
base gtation, characterised in that said time offset is

25 determined in said single base statiom.

4. Method according to claim 1, characterised in that said

determined time offset is quantised.
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5 ...4(..0-12) On a’target base statlon (BS2), said rmbl le station

transm-tting transm ssi on phase on said fi

sai d second :cha iﬁ, i bei ng Teady to take over thg

with said nobil H transmtting at a second

phaseé, wherein ’"Mumdeterm ni{gg neans (TODM |Iquuecx

sai d taarget base staf'ioh (BSZ) and is adapted to tune Fo—Sae e
station (M5) for determ ning, prlor to a handoff, thg time of f set
between said first transm ssion phase and said secon transm ssion
phase, nd alfi fe SJI tion) SYStes, pasy appdregss o ihapdimgon

i o s enemen oucibei o ) OV Qb A Y,

Fig. 1. serving base station (BS1l) to a second channel (CH2) on a target

base station (BS2), said mobile station (MS) transmitting at a

5 first transmission 'phase on said £first channel (CH1), said

second channel (CH2) being ready to take over the communication

with said mobile station (MS) transmitting at a second
transmission phase, characterised by; '

a time offset determining means (TODM), provided in said target

10 Dbase station (BS2) and adapted to tune in to said mobile station

(MS), for determining, prior to a handoff, the relative time

offset between said first transmission phase and second

transmission phase, and

a time shifting means (TSM) for shifting, upon handoff, the

15 transmission phase of said mobile station (MS) by said

| determined time offset ielative to said first transmission

phase.

6. Apparatus according to claim 5, characterised in that
means are provided to inform said mobile station (MS) about said
20 determined time offset or to provide information allowing said
mobile station (MS) to establish said determined time offset,

prior to a handoff.

7. Apparatus according to claim 5, wherein said serving base
station and said target base station are one and the same single
25 base station, characterised in that said time offset determining

means is provided in said single base station.

8. Apparatus according to claim 5, characterised in that

means are provided to quantise said determined time offset.
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