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required by an application using the mobile station.

Background of the Invention

In mobile telecommunication systems of the time
divieion multiple access (TDMA) type, time-division com-
munication takes place on.the radio path in successive
TDMA frames, eadh of which consists of several time-
slots. In each time-slot, a short information packet is
sent in form of a radio frequency burst which has a fi-
nite duration and which consists of a set of modulated
bits. The time-slots are mainly used for conveying con-
trol channels and traffic channels. On the traffic chan-
nels, speech and data are transmitted. On the control
channels, signa'lling' between a base station and mobile
subscriber stations is carried out. An example of a TDMA
radio system is the Pan-Europe.an mobile communication
system GSM (Global System for Mobile Communications).

For communication in conventional TDMA systems,
each mobile station is assigned one channel time-slot
for data or speech transmission. Thus, the GSM system,
for instance, may have up to eight parallel connections
to different mobile stations on a same carrier freqg-
uency. The maximum data transfer rate on one traffic
channel is restricted to a relatively low level, depend-
ing on the available channel bandwidth, as well as the
channel coding and error correction used in the
transmission. In the GSM system, for instance, the user
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30 channel configuration, sending fromthe base
station systemto the _ - nobile statlon a handover command nessage or
an addi ti onal channel assignnment nessage containing the

i nformati on on the allocated channel configuration in 35 t he sane -
cel | . rate is 9.6 kbit/s oxpAlZ\NRBEDtASEEIn addition, in the GSM
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B - communicates in a certain time-slot only in every second
time-slot, i.e. at half-rate. A second mobile station
communicates in every second time-slot of the same
frame. The capacity of the system in terms of the number
of subscribers may thus be doubled " in other words, up

10 " " to 16 mobile stations -may communicate simultaneously on
the same carrier frequency.

In the last few years, the need for high-speed
data services in mobile communication networks has
remarkably increased. Data transfer rates of at least

i5 - 64 kbit/s ‘would be ' required for utilizing ISDN
(Integrated Services Digital Network) circuit switched
digital data services, for example. Data services of the
public network PSTN such as modems and telefax
terminals of class G3 require higher transfer rates,

2_0 | such as 14. 4 kbit/s. One of the growing areas of mobile
data transfer that requires higher transfer rates than
9.6 kbit/s is the mobile video service. Services of this
kind include e. g. seourity control by cameras, and video

 databases. 'I'he minimum data transfer rate in video

25 transfer may be, for instance, 16 or 32 kbit/s.

_'The data transfer rates of the present mobile
communication networks are not, however, adequate to
satisfy these new needs.

. One way to solve the problem is to use multiple

30 - TDMA time-s_lots for communication with a mobile station.
In this way, one mobile station. may transmit and receive
data at higher data transfer rates by multiplexing the
data to multiple time-slots (traffic channels). This is
termed as multi-slot access technique.
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as-high as that of the previous cell. One solution would
be to interrupt the connection if the quality i.e. the
data transfer rate of the data transfer service is not
adequate in the call set-up or handover, or after the
.. 15 handover. However, this solution is not acceptable.

Summary of the Invention

An object of the present invention is to
relieve the problems caused by capacity restrictions in
a mobile communication network which employs the multi-

20 slot access technique in data transmission.

This is achieved with the method for data
transmission in a time division multiple access (TDMA)
mqbile communication system comprising the step of
assigning one or more time-slots to a mobile station for

25 data transmission, depending on the data transfer rate
required by an applicat:!.on using the mobile station. The
method is characterized by determining minimum and
maximum requirements for the data transfer rate of the

~ user data for the connection, and by dynamically

30 adjusting the channel configuration consisting of one
or more time-slots and assigned to the mobile station
for a data call, within the limits of said minimum and
maximum requirements of the data channel, depending on
a varying allocation level of the resources of a mobile

35 communication network.
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~ the follow:l.ng parameters: the required level of service

10 (data transfer rate) and the desired level of service
(data transfer rate). The desired }evel of service (
determines the data transfer rate the mobile station '

wishes to be able to use. Simultaneously, the desired

data transfer rate is- also the maximum data transfer

i5 = rate to b_e 'a._'l.ldwe_d for the mobile station. The required

level of service determines the minimum data transfer

rate that must be provided for ensuring the continuity

of data transmission. If the required data transfer rate

cannot be provided, the call -set-ﬁp is interrupted or

20 the data call is interrupted. These parameters allow the

mobile communication network to reduce the data transfer

rate if the cell ‘is not capable of p.ro'vidin_g the desired

data transfer rate in connection with call set-up or

handover. Thus, the number of calls interrupted or

25 prevented due to the lack of resources decreases.

Instead of transferring the parameters, the

mobile station may indicate said minimum and maximum

requirements to the mobilé communication network in a

number of alternative ways, such as by indicating the

30 level of service. The minimum and the maximum

requirements used are then s_elected 'in accordance with

the indicated - level of service in the mobile

communication network. . |
In accordance with the present im’rention, the
35 mobile communication network is able to modify the
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data transfer rate to a desired |evel once the network resour ces
required therefor are relegsed. In a preferred .. . enbodinment of the

i nvention, the nobile comyuinication 5 net work:may, during a call, or
after a call set-up or : a handover, nodify the channel configuration
assi gned to a data call to provide Bown to the mini numrequired

data transfer rate, for releasing network resources in the nobile
communi cati on neChemeeloronfiguratdoncpfithe daty gkl @ndstbnsalaevthet a
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method of the 20 o a ddbteHd1A" 8 PR AP dSvh #80the minimum required
data transfer rate, for releasing network resources in
the mobile communication network for serving other
10 traffic, such as new data calls.
Brief Description of the Drawings
The invention also relates to a mobile
communication system for implementing the method.
In the following, the invention will be
15 described in closer detail by way of example with the
aid of the preferred embodiments of the invention and
with reference to the attached drawings, in which
Figure 1 illustrates a part of the mobile
communication system in which the method of the
.20 invention may be applied, and
Figures 2, 3, 4 and 5 illustrate the TDMA frame
structure, _
Figures 6, 7 and 8 are signalling diagrams,
which are correspondingly connected with call set-up,

25 handover, and the adjustment of the data transfer rate
carried out during a call in accordance with the
invention. '

The Preferred Embodiments of the Invention
The present invention may be applied to high-
30 speed data transfer in most digital TDMA based mobile
communication systems, such as the Pan-European digital
mobile communication system GSM, DCS1800 (Digital Com-
munication System), UMTS (Universal Mobile Telecommuni-
cation System), FPLMTS (Future Public Land Mobile
35 Telecommunication System), etc.
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Fi gures 6, g) &cﬁg are signalling diagrans, whi ch are _
correspondw 3?@ nnected with call set-up, 25 handov e CTARPAR0Y
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accordance with the I nventi on. The Preferred
Enbodi nents of the Invention ' The present invention may
applied to high- 30 speed data transfeg in nost digital TDVA based
nmobi | e conmuni cati on systenms, such as the Pan- European digital
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Syst emlof t he sa%r?ghgﬂézn- ' ;&{,Ag@%?;ggg%fg%' Cﬁié‘%‘e(a} Os{l)‘xaws
Syst emr f 0 Mobi | UQEUngﬁiﬁﬁééYi: the)bagig gtructure of the (GRMsyatsm c not
communi cati on syphoihgFclgserlatbention to it#chd¥dPtdridtifcd sy Gther
structure of the oo LS LE tna 'systen. The GSM system is described in
greater detail in GSM recommendations and in "The GSM
System for Mo_b’:l.l'e'Conunur;icatiohs”, M. Mouly & M. Pautet,
10 Palaiseau, France, 1992, ISBN:2-9507190-0-7, which are

' incorporated herein by :":eference,

A mobile services switching centre (MSC) is in
charge of switching incoming and 'outgoing* calls. It
performs similar operations as the exchange of a public

15 . switched telephone network (PSTN). In addition, it also
' performs o_perations typical of mobiie telecommunication
only, such- -as subscriber location management, jointly

with the subscriber registers of the network. The GSM

system contains at least such subscriber registers as

20 home location register (HLR) and visitor location
' register (VLR), which are not shown in Figure 1.
Specific information on the location of the subscriber,

such as the location area, are _Stored in a visitor
location register VLR, the number of which is typically

25 one per each mobile services switching centre (MSC). The
location data in the HLR, in turn, indicates the VLR

within the area of which a mobile station MS is located.

Mobile stations MS are switched to the MsSC by means of

base station systems. A base station system BSS

30 comprises a base ‘station controller BSC and base
stations BTS. One BSC is used for controlling several
BTSs. The tasks of the BSC include e.g. handovers in
such cases in which handover is pe'rformed within a base

station or between two base stations both controlled by -

35 the same BSC. Figure 1 shows for clarity one base
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clarity one base channels and traffic channels. On the traffic channels,
-speech and data are ‘transmitted. On the control
15 channels, signalling between a base station and mobile

subscriber stations is carried out. _
' Channel structures used in the radio interface
of the GSM system are defined in closer detail in the
ETS1/GSM recommendation 05.02. The TDMA frame structure
20 of thelGSM system is illustrated by way of example in
Figures 2-5. Figure 5 shows one TDMA basic frame which
includes eight time-slots 0-7 used as traffic channelé
or control channels. Only one RF burst shorter than the
duration of the time-slot is thus transmitted in each
25 time-slot. Once one TDMA basic frame ends in time-slot
7, the time-slot O of the following basic frame
.immediately begins. Thus, 26 or 51 successive TDMA
frames form one multiframe depending on whether a
_ traffic channel or a control channel structure is in
30 question, as illustrated in Figure 4. A superframe, in
turn, consists of 51 or 26 successive multiframes
depending on whether the multiframes have 26 or 51
frames, as illustrated in Figure 3. A hyperframe
consists of 2048 superframes, as illustrated in Figure

35 2.
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7 station systemonly, in which a base station controller

BSC i s con@WM%i i h ni ne base stations BTS1-BTS9, RCIHIYp0527
coverages which, in turn, provide corresponding radio cells Cl1-C9.
5 ' The GSM systemis a tinme division multiple access
(TDVA) method in which tine-division traffic takes pl ace on the
radio path in successive TDVA franes g €ach of which consists of
several time-slots. In each . tinme-slot, a short information packet
is sent in forml10 ofyR heghall bpeardbn|RE hebiie Vaitaltibns Ms figite
duration and which consists-of a set oOf nodulated bjts Th
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'station and nobi I(eé 1“919'?%5%888%38&- gﬁﬁt‘?%{f? gﬁ:gg:gﬂneas%pchronizeg
Channel " sbruct ur sslthsectlien ' tamsignid - itimefsbat for txdnsmitEBigsyandm

are defined in clQs&livwSlRIRF Buddis. . .. ETSI /' GSM r ecommendat i on 05. 02.
The TDMA frane structureg;lO' Jo)l%the GSM systemis illustrated by way of

exanpl e in Fi gur esty- atg g fransfersinnaceprdance c vithe Wech

includes ei ght tiifRrentlicon,0-whefc@ afobibél stathen"MS requiresOla CAdtd Ol
channel S. Only one RE tbeurst sh

rter . . ) : o
transfer rate Ritgge_rt-'pggntgaen ‘be provided by one traffic
10 channel for -tra_nsmifss_i_oz‘l_': of user data, said MS is
assigned & channel or a -time4slqt" configuration that ‘

comprises two or more time-slots from one or more time-
slots in one or several frames by means of a so-called
multi-slot access technique. It is not essential to the
. 15 o présent invention which muiti-slot access -techniqué is
used. An example of a multi-slot access technique for
which the present invention is well suited is disclosed
in - PCT/FI95/00248 and PCT/FI95/00249. In these
applications, & high-speed signal is multiplexed to
20 - several low-speed chamels (time-slots), transferred
‘over the radio path 'ahd démﬁltiplexed in a receiver back
to one signal. Thése 'dbcuménts are incorporated herein
by reference. ' '

As it has been stated previously, however,
25 " problems arise in connection with the multi-slot access
technique if there is not a sufficient number of
channels available. This may occur in the call set-up

phase and also in connection with handover.
In accordance with the present invention, the
30 minimum and the maximum requirements for the data
transfer rate of user data are indicated by the mobile
station to the mobile communication network at the
beginning of call set-up. Said r_equirements are two new
parameters, in addition to the presently specified
35 parame'i:eré used for establishing a data call. Ihdicating
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question, as illustrated in Figure 4. A superframe, in turn,
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In data transferthe nmobtter detateionyi nby tidicate a i desDiédn levedn 8¢
mobi [ e station MSJLQUIdeS i {#i3h case the Ms is provided at least the
performance of the data channel defined by the minimum
requirement for this level of service, but not more than
10 the performance of the data channel defined by the

maximum requirement for this level of service.

In the following examples, these minimum and
maximum requirements are defined with parameters
"required level of service" and "desired level of

15 service", but the requirements may be defined in other
ways, as well. Thé desired level of service determines
the data transfer rate, i.e. the channel configuration
provided by one or more traffic channels or time-slots
that the mobile station wishes to be able to use.

20 Simultaneously, this desired data transfer rate is also
the maximum data transfer rate to be allowed to the

" mobile station. The required level of service determines
the minimum data transfer rate that must be provided for
ensuring the continuity of data transfer. With the aid

25 of these parameters, the mobile communication network
may, depending on the resources of the network, assign
a data call a data transfer rate which is within the
limits of the desired data transfer rate and the
required data transfer rate. Provided that not even the

30 minimum data transfer rate can be provided, the data
call or the call set-up is interrupted. It is also
possible in some situations that the specific
requirements set by the mobile station for the minimum
level of service and the minimum data transfer rate are

35 6ptionai, i.e. the MS does not give any specific rate,
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less time-slots than the maximum requirement for the
data transfer rate if the network resources are not

available for providing a desired channel configuration,

and thus a desired data -ti'ansf',er rate at that particular
moment. The _;':?_equi,r-fed nétyork, resources may, however, be
released and available 1._a_te_f, in which case it would be
possible to move over to a higher data transfer rate.
For this réason - the mobile communication
network of the invention modifies the channel
configuration,. and thus the data transfer rate of the
data call to a desired level of service when the
resources required therefor are released and available
later in the same cell. In a preferred embodiment of the
invention, the mobile communication network may, during
a call, even after a call set-up or a handover, reduce
the channel configuration assigned to a data call,
however, only down to the channel configuration
corresponding to the mi_nimum requirements for the
transfer rate of user data, for releasing resources in
the mobile communication network for serving other
traffic.. ' _ .
In the following, the invention will be
described  in closer ‘detail by way of example, in
connection with handover within a base station system
BSS (Figure 7) and adjustment of the data transfer rate

channel

.which the
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renents to the: rmb1 | e cormunl cati on net wo
(efers her el n’i’ogw] ié?@l‘”@ﬂszgan

the manners in which the nobile
i ndi cate the nininum and the nmaxinum requirenments, wthout
limting e.g. to direct=5 transmi ssi on of**fhe requirements as
such. For exanple, the nobile station nmay indicate a desired |evel
of service, in which case the M5 isiprovided at |east the
performance of the data channel defined by the mininum requi r enent

for this level ofcaeriedeoututdumeingiose ddkin {figure Bk petﬁefrrwymcafl the

Service. o ¢ AsaBYet W ryarione CHRPH bR M0t BE cfner aieRiion

maxi mum r equi r eneho hereiniefane bandoivegabatweensbase statiom@ystsing 888 of
service” and "desééege!l.f"QE ‘i’xfanjd%ver b?tfwé%rﬁem%b Py éaf'viegg' GRS NPy
: esired [eve

be defined in oth .Servic
det er mi ned °el‘ﬁ§eﬁa¥§ctransf er rate, i.e. the channel configuration

provided by one or nore trniéuﬁec@fsnwss Q.h EbARegt2bh with call iseit-upe

e SERAILE- i CRE N TECY AU AN Fy I A

to be allowed to iireention. ItDiube beahbted, Theweveu, remhdte\ml adidivdion ce

e e e cont PR AP e ghhtse phabagbls ol disid 138 o

par anet erd) the nebspe tremsmiitéed din neonpegtion withrathe depthdised-up.t he

resources of-the PRIXAT kreAdtI8hown herein for clarity, however. As to
the GSM system, for instance, this signalling is
precisely defined in the GSM specifications concerning
call set-up.

15 In Figure 6, normal call set-up signalling
takes place first, whereafter the MS sends a call set-up
message SETUP, which is forwarded to the MSC. In
accordance with the invention, the SETUP message
contains, in addition to the parameters normally

20 required for setting up a data connection, two new
parameters, the maximum desired data transfer rate DRMAX
and the minimum required data trahsfer rate DRMIN. In
the SETUP message of the GSM system, these parameters
‘may be included in a Bearer Capability Information

25 " Element BCIE. The BCIE is disclosed in the GSM
recommendation 04.08, version 4.7.0, pages 435-443. The
MSC sends a serving BSC an assignment request message
(Assignment REQ), which is modified to contain
parameters DRMAX and DRMIN. The BSC checks whether it

30 has a sufficient capacity for serving the data call, and
assigns the data call, depending on the current
capacity, some time-slot configuration corrésponding to
the data transfer rate, which is within the limits of
parameters DRMAX and DRMIN. Thereafter, the BSC sends

35 the BTS serving the MS an assignment command message



a data call a data transfer rate which is within the l[imts of the
desired d fer rate and the required data tr e.
Pr ovi ded 'ﬁé?&i éeven the 30 m ni mum data transfer ?ﬁ%@ﬁlﬂé@g

provi ded, the data call or the call set-up is interrupted. It is
al so possible in sone situations that the specific .
reqU|renents set by the nobile station for the m ni num - | evel of
service and the mninmumdata transfer ratejgpre 35 optional; i.e. the
MS does not give any specific rate, WO 96/ 10305

PCT/ FI 95/ 00527 (Assignment Command), which contains i:@ne informatb.tbh bfiaves
t he mnlrmmperf e to freel

b chps t
conmuni cati on ne ﬁ(ime slo%s assiygn ‘P ﬁc’aé:@& o%?lfc ﬁf?ﬁ |?R/eﬁPFon
t he data aSsiagnéérdaaaeMIud atea heThebBT8 semdsorthieorM3 data 5

cal | 15 dynam colyy Gebuint othdlt médEabb| Aiafbnbdft. command)etuhges ot a

transfer rate a e rat e fng on the
resourced of thecombrins the infowpatier enokhectimersloks ﬂSSi’-QEed to

communi cation ne¢gN@rdata call HRAW. on t@@'&é‘éigﬁ{ed\ﬂd@tﬁatraﬁﬁeﬂprate.
handover, assign 10 the data call a sma Ier time-slot configur LI on,

i . e. | esThe| MS SPERTLEN 10 ( RECRAXPMITRT e f@tPentErensERT

assigned time-slots at the assigned data transfer rate,
and sends the BTS an assignment acknowledgement
10 (Assignment Complete) The BTS. sends the BSC an
acknowledgement (Assignment Complete) The BSC, in turn, ‘
sends the MSC an assignment acknowledgement (Assignment
Complete), '-w_hi-ch_- contains_ the information on the data
transfer rate assigned to the data call by the BSC.
15 _ After this,' norma-l-'call-- set-up signalling takes place
for starting the transfer. - :
If the base station controller BSC is not
capable of assigning the data call the time-slot
configuration corres_ponding to the minimum required data
20 tra‘n'sfer__rate-;DRMIN due to lack of network resources,
it will send a report to the MSC, in form of an
Assignment Failure message. Then the MSC interrupts the
call set-up. The network resources ‘that determine the
data transfer rate to be assigned to the data call
25 include at least the traffic channels, i.e. the time-
slots -that are available at the BTS serving the MS at
that particular moment. _
Figure 7 shows only the signalling that is
essential to disclosing the invention. However, it must
30 . be noticed that in addition to the signalling messages
described above, other -_mes_sages .are also sent in a
'handover situation, although. these “messages are not
described herein for cla_rity-. As to the GSM system, for
instance, this signall-_ing .1s precisely defined in the
35 GSM specifications concerning call set-up.



aat a.transfer rate if the netvvork resources are not avail abl e for

provi di ng walegiosee channel’ confi.guration, - and thus gmﬁﬁ,’dat a

t{ransfer rate at that particular 15 rmrrent The require _ _
resources my, however, be rel eased and avail able later, in which
case it would be - possible to nove over towathi gher data transfer
rate. . For this reason, the nobile comruni cation

network of the invention, podifies the mannel configuration,
and thus the data transfergfate of the “dat+a; caII to a desired | evel
of service when the: #'Iny theutresa+BSS hanidver dldustrated eaSPigard

i | abl ed enbodi e he
Chvention, the ot o, Ms s AU Y Sdponth MRl S SoRIRe o5l vp| of
-even after a cal | W& dgyrgd "ﬁ‘ Hekgnraks of cthecadjacent dedlsharmethe BSC
confi gurati on assweméOsaréaha g . (Meas RepBR4SVCTmhe OBLY o3 {fe

e ohamng]  Con bR Recsatans S R SRR AT A%, Cy Lheria o e

resources in 30 rad:lidﬁpallrhbbyenfm&&tlnr ¢ aHede ﬂé@é@ﬂéﬂffgﬁs?gg‘ﬁ smelrl%fﬁ‘ér

g(ra?;];: ‘t:)ed in cl os&ETFPS M %ggxg%pgibpﬁgng the mﬂ'nrﬁﬁ?ﬁ
handover within amgkdagstthe handoveamdiicision, BXhe MSQIrassigrs dthielj dstaent

(I;fCT} Elegg?t aSE;a”Swllr ah%pendin@o?p/a]@:i%st the time-slot resources of

](.)8 the target cell of the handover, a channel configuration

that provides a data transfer rate which is at least the

minimum required data transfer rate DRMIN and not higher

than the maximum desired data transfer rate DRMAX. The

data transfer rate (time-slot configuration) provided

. 15 by the new cell is not necessarily the same as that

provided by the previous cell. In other words, the data

transfer rate may increase or reduce in the new cell in

accordance with the available resources and within the

limits of parameters DRMAX and DRMIN. Either the BSC or

20 the BTS stores parametets- DRMAX and DRMIN for every MS

' that is located within their area and has an ongoing

high-speed data call. Provided that the minimum required

data transfer rate cannot bé provided, the call or the

handover attempt will be interrupted, and an adjacent

25 cell, second best in terms of other criteria and able

to provide an adequate data transfer rate, will be

selected as the new target cell for handover. The BSC

sends the MS a handover command message (Handover

Command), which contains the information on the assigned

30 data transfer rate, and the description of the assigned

time-slots. Now the MS is able to start communication

with the channel configuration assigned in the new cell,

and it sends an 'a(:kndwledgemexit (Handover Completed) to

the BSS. The BSS, in turn, sends the message Handover

35 - Performed to the MSC. - '




11 carried out during a call (Figure 8). Oher typical

handover swigygiibs8S. Which are not paid closer attention IFI%QMJQ S ein,
are handover between base station systenms BSS as vveII as handover
bet ween nobil e services switching 5 centres NMSC.

Figure 6 shows, in connection with call set-up, only the signalling
that is essential to disclosing the I nvention. It nust be noted,
however, that in addition . to the deb#&ri bed signalling nmessages,

ot her nmessages are 10 al so transmtted in connection with the call
set - up, _ whi ch are rAtigurefhikiuetrates theradjustment of the data

the GSM system f'tﬁ:"ariélfér.anﬁatet Ragrignal |éé‘ﬂ.' in accor&’éﬁéése}ﬂ:hde{:héed
in the GSM speci f,i catl S concer.ni set-up In

Figure 6, nornmal B¥§n%kan., Fhe Beg Sﬂiﬁc‘:s that tt% aﬁleaSEeﬁl Fipe-slot
whereafter the Miesources cavhilablep in the B85S S8 FTdRtaWdadll i the

foeage ' 0 11 Mifzerlllcnonney pBREREHEAE TN (fhd Mkt Bl £l Lfocs]

required for settang 'U}BEGQIEI‘QSMQI datat Mansvﬁer rate qﬁmtm:bd:leraxet he

maxi mum desired g
data transfer. rat?%ﬁeﬁhéa&&smx mssaiw%wﬁﬁs ste

t hese paraneters COIISSPOWQDMW\HU&FSH@ Mﬁ%rtmt ryte r#@ﬂﬁ&t i on

25 El terrent 0 intEne MBe InBQhEt casedi %ﬁﬁggsglﬁbﬂmaﬁxﬁﬁ theMis to o use

reconnen i on ver a sends a
ser vi ng C an a&?‘gﬁﬁ’ﬁﬁ %P%@§§P“ﬁ§§g g‘@ie and a ‘(‘%@?ﬁrﬁrﬁn?im?ﬁjotSM| ch
is nodified tobwxomeana of an intra-BTS handover or a new channel (

assignment. In other words, the BSS assigns the data

call a new.ehannel configuration in the same'cell and

sends the MS a handover command message (Handover

15 Command) or an additional channel assignment message

(Additional Assignment), containing the information on

the assigned data transfer rate and the description of-

the assigned time-slots. Now the MS is able to start

N : communication with the new, assigned - channel

20 configuration in the same cell, and it sends an

acknowledgement Handover . Complete (or Assignment

CQmplete) -to the BSS. The BSS, in turn, sends the
Handover Performed message to the MSC.

) ¢orrespondingly, it is possible to reduce the

25 - channel configuration (number of time-slots), and thus

the data t:ansferxrate_of the data calls, but, only down

to the minimum requirement for the user data transfer

rate of each data call, when the BSS detects that time-

slots are needed for other traffic in the cell. The BSS

30 then assigns the data call a new channel configuration

and _reports it to the MS as described above with

reference _tq Figure 8,-.The channel configurations

assigned to data calls meyibe adjusted e.g. so that the

mobile communication network_is_abie to serve as many

35 connection requests as possible, while simultaneously



bar anet ers DRMAX and DRM N. The BSC checks whether it 30 has a

sufficient %dsy for serving the data call, and aﬁmﬁgﬁ dat a
call, dependi'ng on the current capacity, sone tinme-slo
configuration corresponding to the data transfer rate, which is
within the linmts of - “parameters DRVMAX and*DRM N. Thereafter, the
BSC sends 35 the BTS serving the M5 an assi gnnent command nmessage

WD 96/ 10305 _ . 15  PCT/ FI 95/ 00527

12 (Assi gnment Cofmand), which contains the information on

the tinme-slots asaeping tthed ohaatel configutaticmassigned taseaghedatat a
transfer rate. T 1S_se h i n ge
(Assi gnient Com‘rta%d‘)%' ﬁ%i L}ﬂﬁg{ Ss'\’%con ible %tﬂiﬁ QHENG 3 (ORERe "BATA

al'ns the infofrnation on the
time-slots assi gritnimum and maxipumregeirementisen the assigned data

transfer rate. Therhé& Fadnired OaRBCPEE ledplddiatidNabsbckatehe

assi gned gi me-sl ots at e assigned data transfer rate, - and sends
- the BTS ®an ass\"'b?ﬁ%‘ﬁ{t RERRPLYgIREENded to illustrpte . thecprgsent) .
The BTS sends irventién. &'he method asEnthiécfigeantion maygvaeRt in its

 acknow ctigemont (e Penin the e3FR8 ok Eng BrRScHRR. B1EER,

informati on on the data :
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transfer rate assigned to the data call by the BSC. 15 After this,

nor mal ca*,bm&-ogp signalling takes pl ace for start M "

transfer. | f the base station controller

capabl e of assigning the data call the tinme-slot H on

corresponding to the m ninumrequired data 20 traﬂ'élﬁ E%%&%&m due
e N

to | ac nurces, it wll send a Jepor I n
form o] \m l ﬂ | |I3Eu gnhnment Failure nmesgage. Then the MSC interrupts the
en

» Up. nest wor k resources that determ ne the data transfer
rate to be assigned to the data cal |- 25Claimsegncl ude at | east the traffic
channels, i.e. the tinme- slots that are available at the BTS

- serving the M5 at t hat particul ar nonent. Figure 7

shows only the signalling.thAt fista transmiesionalmethedscinsisg tine
i nvention. Homehi%is‘ibnmlﬁﬁlépple ac%@s@Oté'ﬂﬁﬁ hbbii e EHnint{i ddt £die

Si gnal | ng nessages - describ bove er nessages are al so sent

ina 5 haSYSFEm, s GORRTIHNG | the,sheph o afBenor more
descri bed herei ltifn%r-su.loﬂisl tﬁb d\moéloildestobvionsifor dava transmissidmnce,

L o anal | M9 depalfilo" bl 5 88 iister racESUREFdd oBY U
PCT/ FI 95/ 00527 application using the mobile station, char ac-
terized by
10 determining a data call minimum and maximum
requirements for the user data transfer rate, (
dynamically adjusting the channel configuration
consisting of one or more time-slots and assigned to the
mobile station for a data call within the limits of said
15 minimum and maximum tequirements of the data channel,
depending on a varying allocation level of network
resources of a mobile communication network.

2. A method as claimed in claim 1, char a-
cterized byadjusting the channel configurations'

20 assigned to the data calls, so that the mobile
communication network is able to serve as many requested
connection requests as possible while simultaneously
keeping the channel confi'guration assigned to each data
call as high as possible within the limits of said

25 minimum and maximum requirements.

3. A method as claimed in claim 1 or 2, c h a-
racterized by increasing the channel
configuration assigned to the data call to a level lower
than or equal to the maximum requirement, after a call

30 set-up or a handover when there are network resources
available in the serving mobile communication network.

4.‘ A method as claimed in cJ_.aim lor 2, cha-
racterized by

decreasing the channel configuration assigned

35 to the data call to a level higher than or equal to said
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-13 ~In the intra- BSS handover illustrated in Figure

7, the MS y reports the measurement results of i nk
signals of&ﬁyl@#aoent cell s tothe BSC = of the ser\ﬁqéwm

Report).. The BSC nakes the handover deci sions on the—basis—of ”m
criteria of o path by utilizing these rrea%JH&frrSHEET HAS BEEN
ot her '@muu“““m.lﬁmas for distributing the capacilty. ARERUAGED
.maki ng the andover deci*si dbn, the BSC assigpg the.data cart,
depending on at |east the time-slot resources of 10 the target cell of

t he haﬂquer, a ahiniwumcoeduirendéhe) after a bhandBeuvhgearaagabmdbmensfer
rate I C s at S mnLoum q re trans
DRM N and not hi g#ég tre&%%siqgnaﬁe?ﬁgrﬁg% rf{ﬂn gg cgba%g? %ti e

DRVAX. The - neuuoaktfansserviageothenetsaificonf i guration) pr ow ded 15
by the new cell is not necgs ﬁ%%%&&'%é%ﬁ?e&% ar¥y of tHY ¥tids Ry the

previous cell. In other words rate may |ncrease
or reduce 3n the hevFRI? ¥R © t e T deHp@shcdnthet I?@i&\/&ﬁs&’bﬂr@es of

IrE ets?]ur ctef] agcsicvm t ehe rhdil@il? hcomlztsﬁiéﬁfioﬂfnéwmtdﬁ perndiX o Grhaldy ::&he

i ther e or € st ar,aneter r
every MBS ?ﬁﬁf“‘?é Roior o %}' 'h Pﬁgiipnﬁdea ﬁm aﬂ%a n‘é%ﬁn 1s

hi gh- speed data caﬂﬁusEedylﬂmﬂ.udattitﬂe-smdt resouwrdes of a servinglaedl,
transfer rate can b 0 I enpt
wili be i nterruptggheaﬁ gnil%%gace ? ‘égaé hatld ée{?r ":saerc% dgﬂg I'n teﬁér?s of
other criX@ria and able 6. A method 0% delaimedicinany @ the algims dat e,
will be 806 o g5x! e GO W00 gol d 07 1RARHME! endNeBFCor

_sends the M5 a handover conmand nessage ( vvh| ch
contains the inf oPﬁ'aPPGﬁnSnt’l‘ﬁea%%%gﬁ?QcFWel °Qi%ﬁ%9‘l’iaa"1"i's‘?"érd

the description ofathecaiti gomfrises the steps of:
detecting that there are time-slot resources
15 available in a cell,
detecting in said cell at least one data call
the assigned channel configuration of which does not
meet the maximum.requirement for the data transfer rate,
assigning said at least one data call a higher
20 channel configuration,
sending from the base station system to the
mobile station a handover command message Or an
additional channel assignment message containing the
information on the assigned channel configuration in
25 said cell.
7. A method as claimed in any of the claims 1-
5, characterized in that the step of
adjusting the assigned channel configuration during the
data call comprises the steps of:
30 detecting a lack of free time-slots in a cell,
detecting in said cell at least one data call
the assigned channel configuration of which is higher
than the minimum requirement for the data transfer rate,
assigning said ét least one data call a lower
35 - channel configuration,
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tinme-slots. Now the M5 is able to start communi cati on with the

channel tﬂ—ﬁﬁ—&&&—qned—r—n—t—he new cel |, an(}ﬁw gf, an
acknow e @#&ﬁ{’g? n‘r * the BSS. The I'n turn,
sends the nessage erformed to the NMSE YWO-961 103
sends the messag FHIHIIHﬂIII HE D THIS SHEET HAG B
Figure 8 illustrates the adjlstieni of the data t r ariRHPLACERL e
during a call in accordance with the 18 invention. The BSS detéects
that there are free time-slot ' resources available in the BSS for a
data call the 5 curgemdingafsom ahef ijpseat statiohe systiem © the

ti me-slots) dt t i
e St the A SESHERA BP0 LR “obhldad ' nb8EgE] W\ Cnde
maxi mum desi r ed a&dhtiomhf channed DBWgdgnment messagme gamtaining these,
the BSS Comndaﬁm:[&luaﬁ ]Qxe assg?ﬂé@h%aﬂﬁbﬁ; S firdedcoh and a

nunber of ti me- nmeans an i ntra-BTS handover or a new
channel 5 satd wedht . In ot her words, the BSS assigns the data -

call 'a new channel configgyatizpn ||ﬂbgih_qe sa@nﬁﬂdiaﬁon -systemndsfobe MS

?haﬁzefvggsfgmp@ég (Han %ﬁod as claime 3:119 rof‘ ntﬁ‘g Eih?ﬂg

1-7 .
10
. 15
20
25
30
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(Addi tional Assignment), containing the information on t he assigned
data transf and the description of t he assign I - ts.
Now t he MS iﬁé%’g@st 0 start communi cation wth théq'.lt’li'ﬂ';e%,‘E’i"0
assi gned channel 20 configuration in the same cell, and it sends
an acknow edgenent Handover Conplete (or Assignnment

Conpl ete) to the BSS. The BSS, in turn, 3éRds the Handover
Performed nmessage to the MSC. . Correspondingly, it is

‘possi ble to reduce the 25 channel configuration (nunber of

tinme-slots), and thus the data transfer rate of the data calls,

but, only down to the mninumrequirenent for the user data
transfer rate of each data call, when the BSS detects that time-
slots are needed for other traffic in the cell. The BSS 30 t hen
assigns the data call a new channel configuration and reports it to
the M5 as descri bed above with reference to Figure 8. The channel
configurations assigned to-data calls may be adjusted e.g. so that
t he nobi | e conmuni cation network is able to serve as many 35
connection requests as possible, while sinmultaneously WO 96/ 10305

PCT/ FI 95/ 00527 C _ 15

MSC

~3

BSC| - .
TTT— BTS3-9 FIG. 1

BTS2 BTS4




keep}ng the channel configuration assigned to.each data call as

hi gh as posdbd/fosgd thin the limts of said m ni Mum aper/Fpsiogds
Fequi renents. The figures and the explanation associated 5
therewith are only intended to illustrate the present i nventi on.
The nethod of the invention may vary in its details within the
scope of -the attached cl ai ns. 10 2/35 20 25
0 1 2 2045 | 2046 | 2047
- SIS ITTTT
’/” ~~~~~~ F]Go 2
””/ ~~~\§-~§.
0 5
‘1 213 _ /26
i ‘~~‘~“ FIG. 3
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dépending on the data transfer rate reqU|red by an application

usj n atron, c h ar a ¢ roi
raﬂ??£L%$YO#%ZZh

T

dy - ly adjustlgg t ogﬁgnel
config con5|strng of one or nore time-slots an assign
t he nobile station for a data call within the limts of said 15
m ni rum and maxi mum requi renents of the data ghannel, dependi ng on
a varying allocation | evel of network resources of a nobile
conmmuni cation network. - 2. Anethod as clainmed in claim1,
c har a- z e d by adjusting the channel configurations
20 assi gned @Ja+%% data calls, so that the nobile
comuni cation network is able to serve as nmany requested connecti on

requests as possible while sy Mulyt 3N]UY Yeor d?Fa %E%BE s%ﬁ%nFW99”5|tlmﬁ

configuration assigned to each ata as possi bl e w t
the linmts & said Q5VlslonnﬂMLﬁymkﬁuﬁ¢ﬁ§$%uﬁﬂpM&hrmék#ﬁ% communication

3. A method as clai ﬁggtéﬁﬂ HRivAikHoné of Hofe time-slots andy befallocated
by increasing the channe cQ nflgg;a%%Pn assi ned to the daﬁa cal

to a level lower to a mphideostagden RRERent, Maft & Ta

call 30 set-uUpa0f € aaﬁdgvgremhenbyhere are netmork resour ces
avail able in the serving nob gnunlcat qn net

A nethod as clained in clainf ?L%ﬁim 1pgy, 4, data cWchr 3 desired; lev%ldqgf

decr easi ng 1the changetvioef £gur aheonsassdghadt®Bnsfer,to the data call to a
level higher than or equal tgyﬁgﬁgcally'adjusting the channel configuration
| consisting of one or more time-slots and assigned to the
mobile station for a data call within the limits of said
desired level of service, depending on the varying
15 allocation state of the resources of the mobile
communication network.
2. A method as claimed in claim 1, c h ar -
acterized Dby -
indicating said desired level of service in
20 terms of a maximum requirement for a user data transfer
rate or a time slot configuration of the data call.
3. A method as claimed in claim 1, char -
acterized by
indicating said desired level of service in
25 terms of a maximum requirement and a minimum requirement
for a wuser data transfer rate or a time slot
configuration of the data call.
' 4. A method as claimed in claim 1, 2 or 3,
characterized by adjusting the channel
30 configurations assigned to the data calls, so that the
mobile communication network is able to serve as many
requested connections as possible simultaneously when
it is endeavoured to keep the channel configuration
assigned to each data call as high as poésible within
35 the limits of said desired level of service.
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reIeaS|ng n the nobi | e conmuni cati on network for serving
other tr I'm ”' ” 5. A method as claimed in any?éf -84<1996ai ns
1- 5 4, e r i

z e din that said resources of

the nobil e connunlcatlon net wor k dependi ng on which the channel
configuration assigned to the data call is 2 adj ust ed, include
time-slot resources of a serving cell, time-slot resources of a

handover target cell, or bdihA method as claimeds im ghaiod as2cliioedin

any of the clai mscl'h aracotehdrlzaCql By inckeRsAnd tHAlchd¥nsi ep
of adj usting the assigned channel configuration_durling the

data call conpris€SH@WRatiorassigned to the datgecaddi i tFRErEFRIR ar e
ti me-sl ot resourca&ﬁ:ﬁ desiraVdidvdll &f sexwidd ,after a call set-upledecdi ng

in said ce at | t one data %%Bh as rhe gSSI d_channel
confi gur at on of ot nﬁg? Fhe? hExi %??% Bi rEWEN T FoT
the data transfer awanel,able in the servinggwigniegcoenuhixtat tarstneeodat a
call a higher 20 channel c r ati | ag+from
t he base station system torb'(t;)'hA %fthgld & gf?lém%?alfn Oanny thart]: gv%?ggg%’rr]énd
nmessage or an ’ Cghjcﬁ t§ ched %r%lnlhell_las%lémrﬁm nmessage containing the
information on the assigneicyPing ¥Hd BHAALD ddhfiguration assigned
10 to the data call after a call set-up or a handover for

releasing resources in the mobile communication network
for serving other traffic.

7. A method as claimed in any of the claims 1 -
6, characterized in that said resources of

15 the mobile communication network depending on which the
channel configuration assigned to the data call is
adjusted, comprise at least the time-slot resources of
the serving cell and/or the time-slot resources of the
target cell for handover.

20 ' 8. A method as claimed in any of the claims 1 -
7, characterized in that the adjustment of
the assigned channel configuration during the data call
comprises the steps of:

detecting that there are time-slot resources

25 available in the cell,

' detecting in the same cell at least one data
call the assigned channel configuration of which fails
to meet said desired level of service,

allocating said at least one data call a higher

-30 channel configuration, '

sending from the base station system to the
mobile station a handover command message or an
additional channel assignment message containing the
information on the allocated channel configuration in

35 the same cell.
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75 " _said cell 7. A nethod as cl aifitdd flP 2AP 027 he

clains 1- 5 char acteri zedinthat the step of

adj usti n Em w hannel configuration during the data call
conpr i SEHIII ml IL l"l detecting a | ack of &#eal4- 1996
time-slot's fn'a cells, * detecting in said cell at |east one
data call the assi gned channel configuration of which is higher
than.the mnimumrequirenment for the data transfer rate,

assigning said at | east one data call a | ower 35 channel

confi gurati on, VO 96/fb3§5method as claimed in any of the claims 1 -

PCT/FI95/00527 8, characterized 18n that adjustlngfﬁﬂglng
(om tne base ot il Lt coner e BAE A A et
cont ai ni ng the comprisfed rdfe atems tdfe assi gned channel configuration in
anlenZﬁL?%Seglnethod as cﬂ%ﬁﬁ%ﬁﬁiqg'anﬁggghﬁﬁe g?n?ygéngﬁéw%ﬁsgétf%ntﬁé”
cell,
detecting in the same cell at least one data
call the desired service level of which allows a lower
channel configuration than the current channel
10 configuration assigned to said at least one data call,
allocating said at least one data call a lower
channel configuration,
sending from the base station system to the
mobile station a handover command message or an
15 additional channel assignment message containing the
information on the allocated channel configuration in
the same cell. | '
10. A method aé claimed in claim 1,
characterized by step of
20 : indicating a maximum desired level of service
by the mobile station,
selecting a minimun level of service by the
mobile communications network.
11. A time division multiple access (TDMA)
25 mobile communication system, in which one or more time-
slots may be allocated to a mobile station for data
transmission, characterized in that
the mobile'communication system is arranged to
dynamically adjust the channel configuration consisting
30 of one or more time-slots and assigned to the mobile
station for a data call within limits of a desired level
of service of said data call, depending on the varying
allocation state of the resources of the mobile
commuhication_system. |
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12. A system as claimed inh claim 11, ¢ h a r-
acterized in that said indication of said
desired level of service is in terms of a maximum
requirement for a user data transfer rate or a time slot

5 configuration of the data call.

13. A system as claimed in claim 11, ¢ h a r-
acterized in that said indication of said
desired level of service is in terms of a maximum
'requifemeﬁt and a minimum requirement for a user data

10 transfer rate or a time slot configuration of the data
call.

14. A system as claimed in claim 11, char -
acterized in that a minimum level of service
is undefined by the mobile station.

15 15. A system as claimed in claim 11, ch a r -
acterized in that a minimum level of service
is selectable by the mobile communications network.

16. A system as claimed in any one of claims
11 - 15, characterized in that said

20 resources of the mobile communication network include
at least the time-slot resources of the serving cell -
and/or the time-slot resources of the target cell for
handover.
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The invention relates to a data tramsmission MO
method in a time division multiple access (TDMA)
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BSS (same,nochance)  MSC
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user data. The mobile communication network (BSS,
MSC) dynamically adjusts (Handover CMD/Addional
Assignment) the channel configuration assigned to
the data call within the limits of the minimum and

" HANDOVER COM/
ASSIGNMENT COM

maximum requirements, depending on the varymg
allocation level of the network resources.
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