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stations, <cal.ed the old base transceiver station:

- receives a handover command,

- tyansmits a message containing connection set up
information or wanted data to said new base transceiver
station, allowing for a timing advance, called the new
timing advance, with which 1t must delay transmission of

1ts messages to said second base transceiver station,
called the new base kranceiwer stakion,

7
N\ Said—method—beitng—ehorgetertred—rr uheréW\said
handover command further tells said mobile not to
rransmit access bursts to said new base transceiver
starion and -+a—that sald new timing advance 1s determined
by said mobile i1f 1t 1s net communizated to it in said

handover command.
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(57) Abstract MS BTS1 BTS2 BseC Mse
A handover method between two cells of a cellular 1 . MEAS REP

mobile radiocommunication aetwork is disclosed. Each 2 MEAS RES

cell has a base statdon (BTS1, BTS2) and, according w0

the method, a mobile station (MS) commupicating with a 3 CHAN ACT

first base station (BTSL), designated prior base station, '

receives ap instruction to change base station (HAN- 3 CHAN ACT ACK

DOVER CMD) and transmits & message indicating that
| a connection has been established (SABM) or contain- ‘ HANDOVER HANDOVER CHD

ing meaningful data for the second of said base stations, ot e

dmgnawd base station (BT%%) or new base station, tak- [3 SABM

ing into account a lead time during which said mobiic

station must delay transmission of messages o the new & ‘ UA ESTABLISH

base station (BTS2). The base station changeover in- _INDICATION |

struction (HANDOVER CMD) also informs the mobile 6 HANDOVER HANDOVER

station (MS) not to transinit access messages to the new COMPLETE COMPLETE HO.

base station (BTS2), and the lead time is determined I PERF.
! by said mobile station (MS) when it is not included in ; ! RE CHAN REL

: |

f

the base station changeover instruction (HANDOVER
CMD). 7

l RF CHAN REL ACK
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The present invention concerns a method of
intercellular transfer between two cells of a cellular
mobile radio network such as a GSM (Global System for
Mobile communications) network. When a mobile station
moves from one cell to another neighboring cell of a
mobile radio network, each cell having a base transceiver
station, the continuity of the call in progress may need
to be preserved, and the freguency used for exchanging
speech data (or signalling data) between a mobile station
(hereinafter called a "mobile") and a base transceiver
station changes on moving from one cell to another
neighboring cell. A method used to achieve this
continuity 1s known as “handover" in the GSM system.

The following description uses the terminclegy of
the ™ system. For more information, reference may be
made to the proceedings of the "Digital Cellular Mobile
Communication Seminar® held 1n Nice from 16 through
18 October 1990.

Figure 1 is a diagrammatic represeritation of part
of the structure of a GSM network made up of a plurality
of cells, of which only three cells Cl, €2 and C3 are
shown. A mobile MS (for example a mobile telephone in a
vehicle) moves around within the coverage area of the GSM
network.

A cell of a GS8M network corresponds in practise to
the geographical coverage of a base transceiver station
with which it 1is associated and which 1is therefore
located at 1its center. Each base transceiver station
comprises one or more transceivers, each associated with
an antenna and processing eguipment. As shown in
figure 1, the geographical coverages of the stations
partially overlap.

The cells Cl, €2 and C3 &are associated with




respective base transceiver stations BTS1, BTS2 and BTS3.
The latter are controlled by a base station controller

BSC. The functions o©f the BSC include freguency
management and management of the channels available on
5 rhe varicus freqguencies at each base transceiver station.

The combination of a BSC and the associated base
transceiver stations 1s called a base station system

(BSS). There can be a plurality of BSC, each controlling
a predetermined number of base transceiver stations.
"10 Each BSC is connected to a mobile services switching

center (MSC), which constitutes the master structure of a

N GSM network. Thus a given MSC can control the operation
of several BSS constituting a public land mobile network
{PLMN) .

15 A network of this kind operates in the following
manner: the mobile MS sends signals in the form of
streams of digital data or packets called bursts to the
station BTS1 while it is in cell C1 and the station BTS1
transmits information extracted from these bursts to the

20 BSC which in turn transmits the information to 1its
destination via the MSC. The destination can be a fixed
station or another mobile.

Each burst of data, for example speech data, 1is
transmitted in a time slot of 577 pus duration, eight

25 successive time slots constituting one frame. Eight
mobiles ME can therefore communicate on the same radio
channel, i.e. on the same carrier frequency, because the
GSM network uses the time division multiple access (TDMA)
principle. Between two and four radio channel. are

30 usually assigned to each base transceiver station and
between 16 and 32 time slots or channels are therefore
available for transmission in each cell. The same goes

for reception.
Because the TDMA principle is used, it is vital in

35 the GSM system to ensure that the time slots assigned to
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each mobile MS in a given cell are in a given order. A
mobile MS and its base transceiver station BTS each have
their own internal clock. It is therefore necessary to
allow for the time shift due to the propagation time of
radio waves between the mobile MS and its base station
BTS to prevent the mobile MS transmitting data during the
time slot (i.e. on the channel) assigned to another
mobile MS (the duration of a time slcot 1is 577 Hs and a
radio wave travels 300 m in 1 us).

When the mobile MS 1is in <cell Cl1 1t receives
signals not only from the base transceiver station BTSI
but also fiom BTS2 and BTS3. The GSM system provides
this facility to enable the mobile MS to obtain
inform~tion concerning synchronization, to measure
guality (for example the bit error rate) continuously and
to measure the level of the signals received from the
base transceiver station of the cell Cl in which it is
located and from all the base transceiver staticns of the
neighboring cells C2 and (3. These measurements are
effected in the downlink direction (base transceiver
station to mobile).

The mobile MS transmits these measurements to BTS1
in the form of a measurement report on a Slow Associated
Control Channel (SACCH). If the qguality of transmission
between MS and BTS1 falls below that of transmission
between MS and BTS2, or 1if the level of signals received
erm BTS2 becomes greater than that of signals received
from BTS1l, for example, the BSC issues a handover command
to transfer the mobile MS to cell €2 and conseguently to
base transceiver station BTS2: the handover then takes
place and the base transceiver station BTS2 takes over
from BTS1. This is the typical situation, in particular
when the mobile MS is moving away from BTS1 and towards

BTS2.
When handover 1s effected it 1s therefore necessary
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to synchronize the mobile MS to the station BTS2 of the
new cell C2 (in what follows, “old" refers to the cell Cl
in which the mobile MS was registered before handover and
"new" refers to the cell C2 1in which the mobile is
registered after handover).

Likewise, when the mobile MS 1s switched on, it
must be registered in a cell and synchronized to its base
transceiver station in order to transmit signals in the
time slot assigned to 1it.

Figure 2 is a timing diagram showing the
correlation of the signals transmitted by the station
BTS1 and by the mobile MS and shows how the appropriate
timing advance 1is transmitted to the mobile MS when the
lacter 1s switched on and must be registered in the cell
Cl, for example.

To this enrd, the station BTS1 managing the cell in
which the mobile MS 1is lcocated sends a clock signal Hp,
Hy, Hj, Hy, Hg at regularly spaced times Ty, Tq, Ty, T3
and T4 on & Synchronization CHannel (SCH) which 1s part
of a Broadcast Common IHannel (BCCH) used to transmit
synchronization information to mobiles. This clock
signal is used when the mobile MS must be registered in a
cell of the GSM network; this occurs when the mobile
connects to the network for the first time after being
switched on and in the event of handover, as explained
below.

The mobile MS connects to the network for the first
time after i1t is switched on and can receive the clock
signal only from a time MSgy at which it is switched on.

Since the mobile MS 1is not usually co-located with
the base transceiver station BTS1, the first clock signal
that it receives after time MSgpy. the signal Hp in this
example, is offset by a time T relative to the time T at
which it was transmitted by the base transceiver station
BTS1. The mobile therefore receives at time Tj;+T the
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signal Hj; transmitted at time Tj.
At this time (or after a predetermined time

starting at this time and known to BTS1), the mobile MS
requiring to coanect to the station BTS1 for the first
time after being switched on sends the latte:r a Random
Access (RA) message comprising an Access Burst (in the
case of handover, the access burst is called the Handover
Access (HA) burst). This burst 1s transmitted on a
signalling channel. Each Access Burst has a duration
less than that of a '"'normal®" burst constituting a normal
signal, which contains speech data, for examnle; this is
so that it cannot interfere with signals transmitted by
another mobile in the next time slot.

On receiving this signal (at time T1+TA) the
station BTS1 can determine the Timing Advance (TA)
separating this reception of the clock signal Hyp from its
transmission. This time TA corresponds to twice the time
to transmit a signal between the mobile MS and the
station BTS1l, i.e. twice the time T. The station BTS1
then sends the mobile MS a message on an Access Grant
CHannel (AGCH) to tell the mobile that 1t must transmit

messages with a timing advance TA relative to its clock

signal: the mobile can then transmit normal signals
without risk of them overlapping with those transmitted
by other mobiles. This ensures that the signals

transmitted by the various mobiles on a given
transmission channel arrive at the station BTS1 in
succession.

As the distance between the mobile MS and the
station BTS1 can vary., the synchronization of the mobile
M8 must be corrected frequently. After the initial
determination of the timing advance, the latter is
corrected so that the mobile MS is kept synchronized to
the station BTS1 as it moves around in cell C1.

1f the mobile MS is registered in the cell (2

PR L N
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following a handover command from the BSC, there are four
types of handover and these differ in terms of the method
employed to synchronize the mobile MS to the base
transceiver station BTS2 of the new cell C2: synchronous
handover, asynchronous handover, pseudo-synchronous
handover and pre-synchronized handover.

The principle of synchronous handover is shown in
figure 3. It entails controlling the clocks of a certain
number of BTS ¢f a given G3SM system so that they are
synchronous. Thus when the mobile M$S moves from the cell
Cl to the cell C2, these two cells being covered by
synchronous BTS, there 1is no need to supply it a new
timing advance, since the latter 1s immediately deduced
from that 1t was using previously in the cell Cl1 and the
time shift between the base transceiver stations BTS1 and
BTS2, which is known to the mobile MS.

The synchronous handover procedure requires eight
successive transmission steps.

In step 1 the mobile MS sends to the station BTS1 a
measurement report (MEAS REP) containing the results of
measurements to be used by the BSC to initiate handover
1f they show that the guality of transmission between the
mobile MS and BTS1 1s worse than that of transmission
between the mobile MS and BTS2, or that the level at
which signals are received from BTS1 is lower than that
at which signals are received from BTS2. The mobile MS
sends this message to the station BTS1 two times a
second.

In step 2 the station BTS1 transmits the
information contained in the message MEAS REP to the BSC
in a message MEAS RES. The BSC can then determine if

handover 1is needed. As already menticned, the decision
criteria include the quality and the level of the
received signals. Cther types of information are

available at the MSC or the BSC to determine if handover
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1s needed. It is assumed hereinafter that this 1is so.

In step 3 the BSC activates a channel of the
station BTS2 (message CHAN ACT) and the latter sends an
acknowledgement (message CHAN ACT ACK}.

In step 4 the BSC sends a handover command (message
HANDOVER CMD), i.e. a command to change base transceiver
station, to the station BTS1 which immediately
retransmits it to the mobile MS transparently.

In step 5 the mobile MS sends successive HANDOVER
ACCESS (HA) bursts to the station BTS2. It usually sends
four such bursts. Each HA burst has a duration of about
5 ms, and so the time needed to transmit the four HA
bursts 1is at least 20 ms. The HA bursts are transmitted
on a data traffic channel, for example a speech data
channel, which means that the time to transmit the HA
bursts is taken from the time available for transmitting
speech, and that the speech signal 1is interrupted for
this purpose, which is naturally totally undesirable.

The HA bursts can also be used to adjust the gain
at the BTS receiver. If the level of the first HA burst
received by the BTS is too high, so that the BTS2
receiver is saturated, the gain of the BTS receiver is
reduced and the operation 1s repeated several times
(usually four times) using the wvarious HA Dbursts
transmitted until a signal is received at an appropriate
level.

Also, a random number for identifying the mobile MS
is assigned to the latter in the HANDOVER CMD message.
This identifier must be used by the mobile MS when it
transmits the HA bursts so that if another mobile uses
the channel reserved for the mobile MS for which the
handover has been effected, BTS2 will not recognize in
the HA burst of this "intruder” mobile the identifier
assigned in the HANDOVER CMD message. This avoids the
risk of two mobiles using the same channel.
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In synchronous handover, the BTS also uses the HA
bursts to determine the exact value of the new timing
advance TA2 that the mobile MS has deduced from the old
timing advance TAL.

This information is very important since BTS2 needs
it in order to tell the mobile MS at a later stage the
corrections required to its timing advance due to changes
in its position. When handover is completed, the mobile
MS regularly (usually twe times per second) advises BTS2
of the timing advance used, via the uplink SACCH, so that
the BTS can update this data continuously to track
movement of the mobile. Corrections to the timing
advance are therefore transmitted regularly from BTS2 to
the mobile MS over the downlink SACCH.

When 1t has correctly received one of the HA
bursts, the station BTS2 sends a HANDOVER DETECTION
message to the BSC controller (step 5 to tell it that
the expected mobile 1s correctly synchronized.

In step 6, immediately after sending four HANDOVER
ACCESS bursts, the mobile MS sends a connection message
SABM to the station BTS2. This message determines the
logical connection between the mobile MS and the station
BTS2 such that all messages exchange subseguently are
exchanged in an "acknowledged" mode.

From this time onwards the mobile MS dialegs with
the base station BTS2 that has assigned it a time sl®t in
a frame conveyed by a given carrier, together with a
timing advance indication TaZ. Transmission of wanted
speech data, interrupted after sending of the HANDOVER
CMD message, can resume prior to transmission of the
message SABM by the mobile MS.

The station BTS2 then tells the mobile MS (by means
of a message UA) that i1t has understood and that further
communications are in the Tacknowledged*® mode, and
advises the BSC of this (message ESTABLISH INDICATION);
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the BSC can then swileh the communicatrion line assiyhed
to communications between the mobile MS and the station
BTS2. .
The ESTABLISH INDICATION message can also be sent
after one of the HA bursts (immediately after the first
HA burst, for example).

In step 7 the mobile MS sends a HANDOVER COMPLETE
message to the station BTS2 o advise 1t that the
handover procedure has been completed and the station
BTS2 immediately forwards this message to the BSC. The
BSC then advises the mobile services switching centre MSC
{message HO. PERF.).

In step 8 the BSC sends an RF CHAN REL message to
the station BTS1 to tell it to release the timeslot
(channel) previously assigned to the mobile MS. The
station BTS1l sends back an acknowledgement {(message RF
CHAN REL ACK).

One drawback of synchronous handover 1s the time
for which speech is interrupted by the sending of the HA
bursts. This is a particular problem in urban areas
where cells are small and the mobile may cross several
cells during the course of one and the same conversation.

Also, synchroncus handover is a costly procedure.

Asynchronous handover is the form o©f handover most
widely used and the simplest to implement. In this case
the base transceiver station of the cells between which
handover is effected are not synchronized.

Figure 4 shows the principle of asynchronous
handover.

Steps 1 through 4 are identical to those previously
described with reference to figure 3 concerning
synchronous handover.

In step 5 the mobile MS sends successive HA bursts
to BTS2 with a null timing advance, i.e. as if it were
co-located with the station BTS2. The new timing advance
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that the mobile MS 13 to use 13 unknown to the mobile at
this time and is communicated to it by the station BTS2
(in a message PHYS INFO the contents of which include the
TA2 indication), after the latter has determined it ain
the manner described with reference to figure 2.

S-eps © through 8 are also identical to those of
the synchronous handover procedure.

The main drawback of asynchronous handover is that
it takes a relatively long time for the base transceiver
station BTS2 to determine the timing advance; it takes
about 40 ms to 80 ms, during which time the mobile cannot

transiiit wanted data, for example speech data. .Moreover,
the transmission of each HA burst takes 5 ms, as already
mentioned. Other delays contribute to delaying handover

and the call is frequently cut off for more than 100 ms
SO that, in terms of speech interruption time,
asynchroneus handrver 1imposes a gJgreater penalty than
synchronous handover.

Thus both asynchronous handover and synchronous
handover make the system uncomfortable to use.

Pseudo-synchronous  handover is a more complex
process that is usually employed when the  base
transceiver stations BTS1 and BTS2 are plesio-
synchronous, i.e. when their clocks (timebases) do not
have the same date, but have exactly the same se=cond
duration (pseudo-synchronous handover 1is described, for
example 1in the article "The pseudo-synchronisation, a
costless feature to obtain the gains of a synchronised
cellular network", MRC 1991 committee, November 1981 andé
in document EFP-A-0 388 773).

Accordingly, the real time delay (RTD) between the
rimebases of two plesio-synchrenous BTS 1is constant, and
it is sufficient to measure it o¢nce only.

This evaluation is effected during a training phase
by a mobile effecting an asynchronous handover
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between the two BTS concerned, 1n the manner described
with reference to figures 2 and 4. Immediately after the
asynchronous handover, the mobile MS knows the values of
Tal, TA2 and the observed time delay (0OTD}) between
the two base rtransceiver stations, the latter being
different from the real time delay RTD. The OTD value is
known to the mobile since the latter receives signals
continuocusly both from the cell Cl in which it is located
and from neighboring cells such as the cell C2. It
is therefore possible to determine the value of RTD
when using asynchronous ‘handover from the formula:
RTD = OTD + TaAl - TAZ2.

The real time delay determined in this way 1S
transmitted to the BTS concerned and is therefore known
£to them. The other mcobiles can then effect pseudo-
synchronous handovers allowing for this real time delay
and deducing the new timing advance TA2 to be used in the
base station BTS2 directly from the old timing advance
TAl corresponding to the base transceiver station BTS1
and the observed time delay OTD between BTS1 and BTS2.

It 1is equally possible to effect a pseudo-
synchronous handover between BTS that are not plesio-
synchronous. In this case, the value of RTD 1is regularly
corrected on each new handover between BTS1 and BTS2 by
having the mobile send the value OTD + TAl to BTS2 at the
end of each handover, in the HANDOVER COMPLETE message.

In practise the pseudo-~synchronous handover
principle is similar to that of synchronous handover, in
part because synchronous handover is a special case of
pseudo-synchronous handover with a real time delay RTD
equal to zero.

Pseudo-synchronous handover therefore has the same
drawbacks as synchronous handover in terms of
interrupting the call in order to transmit HA bursts.

The final type of handover 1is pre-syhchronized
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handover, described in document WO 92/22966, for example,

in which a predetermined timing advance is transmitted by

the BSC to the mobile MS in the HANDOVER CMD message. In

this method also the transmission of the HA bursts
5 interrupts the call, which is undesirable.

The problem of speech interruption due to the
transmission of HA bursts is specific to handover and 1is
not encountered when the mobile i3 registered for the
first time in a cell after it is switched on, since in

10 this case the call has nokt vyet been set up when the
moblile sends the RANDOM ACCESS messages.

The aim of the invention is to provide a handover
method avoiding interruption of speech due to the
transmission of HBA bursts in the synchronous, pseudo-

15 synchronous and pre-synchronized handover processes.
According bo_\;\nel -pree.g:\:‘. tnvenrt on there e pmV‘iéed ' ,
'ﬂ:9é~b¥ a method for handover between two cells of a
cellular mobile radio network, each of said cells having
a base transceiver station, wherein a mobile
20 communicating with a first of said base transceiver
staticns, called the old base transceiver station:

- receives a handover command,

- transmits a message containing connection set up
information or wanted data to said new base transceiver

25 station, allowing a timing advance, called the new timing
advance, with which it must delay traasmission of its
messages to said second base transceiver station, called
the new base transceiver station,

—seid—method—being—eharacterized—in Wheren said

30 handover command further tells said mobile not to
transmit access bursts to said new base transceiver
station and 4s—thet said new timing advance is determined
by said mobile if it is not communicated to it in said

handover command.
35 The invention reduces the time for which speech 1is
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interrupted to transmit the HA bursts.

In a first embodiment of the present invention 1if
the old and new base transceiver stations are synchronous
and are not both on the same site, the new timing advance
is determined by the mobile from the last wvalue of the
timing advance, called the o0ld timing advance, with which
the mobile was delaving the transmission of 1its messages
to the old base transceiver station, and from the time
delay observed by the mobile between the old and new base
transceiver stations.

The new base transceiver station then determines
the new timing advance used by the mobile from the
difference Dbetween the o0ld timing advance and the
observed time delay, this value being transmitted to the
new base transceiver station by the mobile in a message
that the latter sends to the former after transmitting
the message containing connection set up information or
wanted data to the new base transceiver station, to tell
it that handover has been completed.

hnother possibility is for the base transceiver
station to be informed of the timing advance used by the
mobile by means of a measurement zreport regularly sent to
the new base transceiver station by the mobile. While
waiting for the first measurement report after the
handover command, the new base transceiver station sends
the mobile a message telling it that it must retain the
current value of the new timing advance to delay
transmission of its messages to the new base transceiver
station.

In a second embodiment of the present invention,
the old and ©npew Dbase transceiver stations are
synchronized and are both on the same site; in this case
the new timing advance is identical to the last valué of
the timing advance, called the old timing advance, with
which the mobile was delaying transmission of its
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messages to the old base transceiver station.

The new base transceiver station 1is then informed
of the new timing advance by 1ts base station controller.
It can also be informed of it or determine it in the same
way as when the two base transceiver stations are not on
the same site.

In a third embodiment of the present invention the
cld and new base transceiver stations are plesio-
synchronous; in this case the new timing advance 1is
deduced from the last value of the timing advance, called
the o0ld timing advance, with which the mobile was
delaying transmission of its messages to the old base
transceiver station, from the time delay observed by the
mobile and from the real time delay between the old and
new base transcelver stations, which is known to the old
base transceiver station and the new one.

The new base transceiver station can then determine
the new timing advance itself. In this case, it
additionally makes use of the real time delay, which is
known to 1it.

Another possibility is for the new base transceiver
station to be informed of the new timing advance in the
same way as when the base transceiver stations are
synchronized and are not on the same site.

Finally, 1in a final embodiment of the present
invention, the old and new base transceiver stations are
asynchronous and handover is pre-synchronized; in this
case, the message containing the handover command also
contalns the new timing advance.

In this case the new timing advance can be
communicated to the new base transceiver station by means
of the handover command.

Another possibility is for the new base transceiver
station to be informed of the new timing advance used by
the mobile by means of a measurement report sent
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regularly by the mobile to the new base transceiver
station. While waiting for the first measurement report
or one of the first measurement reports following the
handover command, the new base transceiver station sends
to the mobile a message telling it that it must retain
the o0ld timing advance to delay transmission of its
messages to the new base transceiver station.

A Dbase station controller, a base transceiver
station and a mobile suitable for implementation of the
method of the invention are described in relation to
claims 13 through 17.

Other features and advantages of the invention will
emerge from a reading of the following description of one
preferred embodiment of the invention given by way c¢*
illustrative and non-limiting example only and from the
appended drawings in which:

- figure 1 1is a diagram showing part of the
structure of GSM type network,

- figure 2 is a timing diagram showing the
correlation between sigrals exchanged between a base

transcelver station and a mobile,
- figure 3 shows a prior art synchronous handover

procedure,
- figure 4 shows a prior art asynchronous handover

procedure,
- figure % shows a synchronous handover procedure

of the invention,

- figure 6 is a diagram showing a base transceiver
station for implementing the method of the invention,

- figure 7 1s a diagram showing a base station
controller for implementing the method of the invention,

- figure 8 is a highly schematic representation of
a mobile for implemeriting the method cf the invention.

In figures 1 to -5, common items carry the same

reference symbols.
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- Figures 1 through 4 have been described already
with reference to the prior art.

Figure 5 shows a synchronous handover procedure of
the invention. This handover is called "internal" in the
sense that the base transceiver stations of the cell in
which the mobile is initially located and of that 1in
which it must be registered after handover are controlled
by the same BSC.

In the synchronous handover procedure of the
invention, steps 1 through 4 are identical to those
described with reference to figure 3, and they will not
be described again in detail here.

Unlike the prior art synchronous handover
procedure, in the synchronous handover procedure of the
invention no HA bursts are transmitted. Step 5 from
figure 3 is therefore eliminated and, after sending the
HANDOVER CMD message to the mobile MS, the station BTS2
waits to receilve the message SABM directly or to receive
wanted data (e.g. speech) directly.

Eliminating the transmission of the HA bursts is in
no way prejudicial to correct execution of the handover
procedure, as will now be explained.

In the case of synchrdnous handover, the HANDOVER
ACCESS bursts are not in practise used in determining the
new timing advance TA2 to be used by the mobile in the
new cell C2 (that covered by the base transceiver station
BTS2), since the latter can deduce this information for
itself directly from the last value of the timing advance
TAl used in the o0ld cell C1 (that covered by the base
transceiver station BTS1), given that the base
transceiver stations BTS1 and BTS2 of these two cells are
supposedly synchronous.

To determine TA2, the mobile therefore uses the
last value of TAl, which it knows, and the wvalue of the
time delay observed by it (OTD), relative to the base
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transceiver stations BTS1 and BTS2. Given that, in
synchronous handover, RTD = 0, the mobile deduces TA2
directly from the formula: TA2 = TAL + OTD.

Using the HANDOVER ACCESS bursts to set the gain of
the transmitter of the mobile can be replaced by other,
equivalent methods of adjusting the gain well known to
the person skilled in the art, for example by doubling
the 1input signal at the receiver of BTS2 or a fast gain
setting method.

Furthermore, using the HANDOVER ACCESS bursts to
verify that the mobile transmitting them 1is that which
received thke handover command (HANDOVER CMD) is not
necessary 1in practise since the probability of another
moblile using the channel allocated to the mobile
concerned during handover is very low.

The problem 1s then for BTS2 to determine the
timing advance TA2 actually used by the mobile MS afterx
the handover, since there are no more HANDOVER ACCESS
bursts to enable this to be measured and, after handover
and before the mobile sends the first subsequent
measurement report, only the mobile knows TAZ.

There are two feasible solutions to the problem, in
accordance with the invention, depending on whether BTS1
and BTS2 are on the same site or not.,

Two BTS can be on the same site 1if a sectorized
cell is used, 1.e. a cell made up of a plurality of
sectors forming radial portions of the disk defined by
rhe coverage area of the sectorized cell, each of these
sectors being associated with one BTS, and all the BTS
associated with the sectors being at the centre of the
sectorized cell and therefore at the same site.

Two BTS can also be on the same site if concentric
cells are used, 1.e. 1if transmission over different
distances uses different frequencies.

Thus when the base transceiver stations BTS1 and
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BTS2 are on the same site, the mobile MS moving from one
sector to another does not change the timing advance that
it has to use, and this timing advance 1s known to BTS1.
It 1is therefore sufficient for the BSC to advise BTS2
that the new timing advance TA2 is identical to the last
value of the old timing advance TAl. It can do this in
the CHAN ACT message, [or example.

If the base transceiver stations BTS1 and BTS2 are
not on the same site (this is the conventional case of
handover between two cells that are not sectors of the
same sectorized cell or that are not concentric), the
base transceiver station BTS2 can deduce the new timing
advance TA2 used by the mobile MS using the general
formula: TA2 = OTD + TAl.

Since the mobile sends the base transceiver sfation
BTS2 the wvalue TAl + OTD in the HANDOVER C(COMPLETE
message, as it knows RTD (which i1s nil in the case of
synchronous handover), the base transceiver station BTS2
can deduce the new timing advance TAZ used by the mobile
MS.

If BTS2 is not able to determine the new timing
advance used by the mobile MS itself, for example because
it has no information telling it what type of handover
has been effected, 1t can wait for the first uplink SACCH
from the mobile MS, for example. The MEAS REP message on
this SACCH includes the timing advance TA2 actually used
by the mobile MS after the handover. While waiting to
receive this uplink SACCH, BTS2 tells the mobile MS, in
the downlink SACCH that it also usually transmits two
times per second, that it must not modify 1ts current
timing advance, i.e. that which it initially deteztmined
after the handover using the formula: TA2 = TAl + OTD.

This information supplied by BTS2 o©on the SACCH
replaces the usual timing advance c¢orrectié¢n information
contained in the latter (see above) and used to advise
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the mobile MS what correction it must apply to its timing
advance.

Steps 5 through 7 o©f synchronous handover in
accordance with the invention are respectively identical
to steps 6 through 8 as previously described with
reference to figure 3.

In pre-synchronized handover in accordance with the
invention, the HANDOVER CMD message transmitted to the
mobile contains the timing advance that the mobile must
use in the new cell C2 in which it 1s registered.
Accordingly, the suppression by the invention of the
HANDOVER ACCESS bursts in pre-synchronized handover is no
impediment to BTS2 finding out the timing advance used by
the mobile, since the BSC can give it this wvalue.

If the BSC does not give it this value, BTS2 can
wait until it 1is supplied on the SACCH from the mobile
MS, as previously explained.

The HA bursts are also eliminated in pseudo-
synchronous handover 1in accordance with the invention.
The mobile determines TA2 1in the same way as 1in
synchronous handover in accordance with the invention,
further using for this purpose the RTD value, which can
be communicated to it in the HANDOVER CMD message, for
example.

To find out the timing advance TA2 used by the
mobile MS, as described previously with reference to
synchronous handover in accordance with the invention,
BTS2 can either determine it itself using the formula:
TA2 = OTD - RTD + TAl (remember that RTD is constant for
pseudo-synchronous handover with plesio-synchronous BTS),
or wait for the first wuplink SACCH from the mobile
containing this information.

The invention therefore makes it ©possible to
eliminate the HANDOVER ACCESS bursts which in the prior
art are sent by the mobile while calls may still be in
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progress, and does this without ©prejudice to the
remainder of the handover procedure or subsequent
communications with mobiles. This reduces the speech

interruption time by about 20 ms, which represents a non-
negligible advantage.

It is important to note that the invention applies
only to synchronous, pseudo-synchronous and pre-
synchronized handover ({(i.e. when the timing advance is
predetermined and is communicated to the mobile in the
handover command) .

The invention 1s advantageous primarily in heavy
call traffic areas 1in which handovers are numerous
because the cells are small: 1in this situation, the
invention ©prevents vrepetitive cutting-off of speech
during one and the same call.

In heavy traffic areas the load on each BSC 1is
high, with the result that the latter devotes more and
more time to controlling handover, so that tﬁe handover
time 1is greatly increased. Consequently, the reduction
by the inventicon of the time needed to effect the
handover automatically compensates for the 1increased
handover time due to the increase in traffic.

The modification of the handover procedure by the
present invention has the great advantage of not
requiring any modification to existing BTS hardware. It
is sufficient to modify the content of the HANDOVER CMD
message sent by the BSC, to tell the mobile in this
ressage that 1t is not necessary to transmit HANDOVER
ACCESS Dbursts. Accordingly, the modifications in
accordance with the invention are merely software
modifications, as will emerge below.

To be more precise, a base transceiver station 60
shown diagrammatically in figure 6 comprises:

- means 61 for determining the new timing advance,

- a control unit 62 for producing and transmitting
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command messages to mobiles 65.
In accordance with the invention, the control unit

62 1s able to produce and transmit to a mobile messages
to tell it to retain the new timing advance that it has
determined pending reception by the base transceiver
station 60 of a measurement report from the mobile
advising it of the new timing advance that the mobile is
using.

In accordance with the invention, the means 61 use
one of the methods previously indicated to determine the
new timing advance, if necessary.

In the case ©f pre-synchronized handover, the
control unit 62 additionally allows incorporation into
the handover command that it transmits to a mobile of the
new value of the timing advance, received from the base
station controller.

A base station controller 70, shown
diagrammatically in figure 7, includes a control unit 71
for a plurality of base transceiver stations 75. The
unit 71 produces and transmits command messages to the
base transceiver stations 75, including handover commands
on the occasion of handover.

In accordance with the invention, the unit 71 1is
such that these commands advise the mobiles communicating
with the base transceiver stations concerned not to send
access bursts on the occasion of handover.

In the case of presynchionized handover, the unit
71 also produces and transmits messages telling the base
transceiver stations the new timing advance to be used.

The control unit 71 also produces and transmits
messages telling the base transceiver stations 75 not to
determine the new timing advance on the occason of
handover, and to use for the latter the value indicated
by the mobile in one of the first measurement reports

that it sends.
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The control unit can aliso produce and transmit
messages giving the base transceiver stations 75 the
value of the new timing advance to be used.

Finally, a mobile 80 shown very diagrammatically in
figure 8 includes means 81 for determining the new timing
advance on the occasion of handover, using one of the
methods previously indicated.

The base transceiver station, base station
controller and mobile described hereinabove have been
described only with reference to their components
relevant to implementation of the present invention.
They naturally include many other components that are not
relevant to implementation of the invention and for this
reason have not been described.

If it 1s necessary to transmit the HANDOVER ACCESS
bursts to enable the BTS to adjust the gain, the BSC does
not modify the HANDOVER CMD, with the result that
everything Droceeds as in the prior art.

Thus the invention eliminates the speech
interruption time in synchronous, pseudo-synchronous and
pre-synchronized handover without penalizing the handover
procedure or requiring major equipment modifications.

The time waiting for the first (or one of the
first) uplink SACCH from the mobile to find out the
timing advance actually used by the latter is negligible
in practise, with the result that the deterioration in
guality is imperceptible to the human ear.

The invention 1is obviously not 1limited to the
embodiments just described.

In particular, any method can be used to enable the
new BTS to determine the timing advance actually used by
the mobile.

Morecover, the procedures described concern internal
handover, but the invention applies equally to external

handover.
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Wherever possible, it is preferable for the new BTS
to determine the new timing advance used by the mobile
itself and without delay. However, where this is not
possible, for example because the new base transceiver
station has not been advised of the type o©f handover
effected, the new BTS must wait for the uplink SACCH from
the mobile.

Finally, any means as described can be replaced
with equivalent means without departing from the scope of

the invention.
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CLAIMS

1. Method for handover between two cells of a
cellular mobile radio network, each of said cells having
a base transceiver station, wherein a mobile
5 communicating with a first of said base transceiver
stations, called the 0ld base transceiver station:
- receives a handover command,
- transmits a message containing connection set up
information or wanted data to said new base transceiver
10 station, allowing for a timing advance, called the new
timing advance, with which it must delay transmission of
its messages to said second base transceiver station,
caled Ehe new base kromcewer stabtion,

—~
7

,\ Satd—method—Fkeing—characterized—anw Wherem said

15 handover command further tells said mobile not to
transmit access bursts to said new base transceiver
station and +a—that sald new timing advance is determined
by said mobile if it is not communicated to it in said
handover command.

20 2. Method according to claim 1 characterized in
that, 1f said old and new base transceiver stations are
synchronous and are not both on the same site, said new
timing advance is determined by said mobile from the last
value of the timing advance, called the o0l1ld timing

25 advance, with which said mobile was delaying the
transmission of its messages tc said old base transceiver
station, and from the time delay observed by said mobile
between said old and new base transceiver stations.

3. Method according to claim 1 characterized 1in

30 that, 1if said old and new base transceiver stations are
synchronous and are both on the same site, said new
timing advance 1s 1dentical to the last wvalue of the
timing advance, called the old timing advance, with which
said mobile was delaying the transmission of its messages

35 to said old base transceiver station.
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4. Method according to <claim 2 or claim 3
characterized in that said n.ew base transceiver station
is 1nformed of said new timing advance used by said
mobile by means of a measurement report sent regularly by
said mcbile to said new base transceiver station and in
that while waiting for the first of said measurement
reports after said handover command said mnew base
transceiver station sends to said mobile a message
telling it that 1t must retain the current value of said
new timing advance to delay the transmission of its
messages to said new base transceiver station.

5. Methnd according ¢to claim 2 c¢r claim 3
characterized in that said new base transceiver station
determines said mew timing advance used by said mobile
itself from the value of the difference between said old
timing advance and said observed time delay, said value
being transmitted to said new base transceiver station by
said mobile 1n a message that the latter sends to 1t
after transmitting said message containing connection set
up information or wanted data to the new base transceiver
station, to inform it that handover has been completed.

6. Method according to <c¢laim 3 characterized 1in
that said new base transceiver station 1is informed of
said new timing advance by its base station controller.

7. Method according to c¢laim 1 characterized in
that, if said old and new base transceiver stations are
plesio-synchronous, said new timing advance is deduced
from the last value of the timing advance, called the old
timing advance, with which said mobile was delaying the
transmission of 1its messages to said old base transceiver
station and the time delay observed by said mobile and
the real time delay known to said old and new base
transceiver stations between said old and new Dbase

transceliver stations.
8. Method according to claim 7 characterized 1in
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that said new base transceiver station is advised of said
new timing advance used by said mobile by means of a
measurement report sent regularly by said mobile to said
new base transceiver station and in that while waiting
for the first or one o¢f the first of said measurement
reports after said handover command said new Dbase
transceiver station sends to said mobile a message
telling it that 1t must retain said old timing advance
for delaying the transmission of its messages to said new
base transceiver station.

9. Method according to claim 7 characterized in
that said new base transceiver station determines said
new timing advance used by the mobile itself from said
real time delay and from the value of the difference
between said old timing advance and said observed time
delay, this value being transmitted to said new base
transcgaeiver station by said mobile in a message that the
latter sends to 1t after transmitting said message
containing connection set up information or wanted data
to the new base transceiver station, to inform it that
handover has been completed.

10. Method according %o claim 1 characterized in
that, if said old and new base transceiver statlions are
asynchronous and said handover is pre-synchronized, the
message containing said handover command fu ,:her contains
said new timing advance.

11. Method according to ¢laim 10 characterized in
that said new timing advance is communicated to said new
base transceiver station by means of said handover
command.

12. Method according to claim 10 characterized in
that said new base transceiver station is informed of
said new timing advance used by said mobile by means of a
measurement report sent regularly by said mobile to said
new base transceiver station and in that while waiting
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for the first of said measurement reports after said handover command said new
base transceiver station sends to said mobile a message telling it that it must

retain said old timing advance to delay the transmission of its messages to said

new base transceiver station.

13.  Method according to claim 1 substantially as herein described with

reference to the accompanying drawings.

14.  Base station controller for implementation of the method aceording to any
one of claims 1 to 13 including a control unit for a plurality of base transceiver
stations for producing and transmitting -handover commands on the occasion of

handover, characterized in that said commands tell the mobiles not to transmit

- access bursts.

15. Base station controller according to claim 14 characterized in that said
handover commands produced by said control unit cont~in the value of the new

timing advance in the case of pre-synchronized handover.

16.  Base station controller according to claim 14 or claim 15 characterized in
that said control unit further produces and transmiits messages telling said base
transceiver stations not to determine said new timing advance on the occasion of
handover and to use for the latter the value indicated by said mobile in one of the

fir~t measurement reports that it sends.

17. Bage statiow zontroller according to claim 14 or claim 15 characterized in
that said control unit further produces and transmits messages telling said base

transceiver stations the value of said new timing advance.

18.  Mobile for implementation of the method according te any one of claims 1
to 13, characterized in that it comprises means for determining said new timing

advance.

MIP C \WINWORDWOARIE\GABNODIEL\S7485C DOC
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19. Base transceiver station for implementation of the method according to any
one of claims 1 to 13, comprising means for determining said new timing advance
used by the mobile and a control unit for producing and transmitting messages to

the mobile on the occasion of handover, characterized in that said messages tell

5 said mobile to retain said new timing advance that it has determined pending

reception by said base transceiver station of a measurement report from said

mobile giving it said new timing advance.

DATED: 19 November, 1997

10

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
ALCATEL MOBILE COMMUNICATION FRANCE
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ABSTRACT

The present invention concerns a method of handover
between two cells of a cellular mobile radio network,
each cell having a base transceiver station (BTS1l, BTS2),
in which method a mobile (MS) communicating with a first
base transceiver station (BTS1l), called the old base
transcelver station:

- receives a handover command (HANDOVER CMD),

- transmits a message (SABM) containing connection
set-up information or wanted data to the second of said
base transceiver stations (BTS2), called the new base
transceiver station, allowing for a timing advance with
which gaid mobile must delay transmitting its messages to
the new base transceiver station (BTS2).

The handover command (HANDOVER CMD) also tells the
mobile (MS) not to transmit access bursts to the new base
transceiver station (BTS2) and the timing advance 1is
determined by the mobile (MS) if it 1is not communicated
to it in the handover command (HANDOVER CMD) .

Figure to publish : Figure 5
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FIG. 5
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FIG. 3
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FIG. 4
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