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H:igh-speed data transmission· in mob:ile commun.ication 
networks 

Field of the Invention 
The invention relates to high-speed data 

transmission in dig:Ltal mobile communicat:Lon networks. 

Background of the Invention 
Zn telecommun:ication systems of the time 

div.ision multiple access (TOMA) type, tile 9Q11UDunication 

10 on the radio path is. time-divisional . and occurs J.n 
success! ve TOMA frames each of which consists of several 

time slots. A short informat.ion packet is transmitted 
. . 

in each time slot in the form of a radio~~requency burst 

that has a limited duration and that consists of a 
15 number of modulated bits. The time slots are primarily 

used for conveying control and traffic ci.lannels. The 

traffic channels are used for transfe~ri~g speech and 
data. The control channels are for signalling between 

. ' 

a base station and mobile stations. An •xample of a TD~ 

20 radio system.· :f.s the Pan-European digital. mobile system 
GSM (Global System for Mobile Communications). 

In conventional TDMA systems, one traff 1c 

channel time slot is allocated for communication to each 

mobile station for the transmission of data or speech. 
25 For example the GSM system may therefore comprise as 

many as ~fght parallel connections to.di~ferent mobile 

statio11s on a radio frequency carrier. T~~)naximum data 
transfer rate on onfS! traffic channel ,is .. l.imi ted to a 
rela.ti vely slow level, e.g. in. the GS~ system 9. 6 Kbps 

30 or 12 Kbps, acco;-ding to the available b;andwidth and the 

channel coding and error correction, _employed in the 

tra~smission. In ~he GSM system, a so-called half-rate 

(max. 4.8 Kbps) traffic channel can also be selected for 

low speech coding rates. The half-rate traffic channel 
··.· . 

35 is . established when a mobile station .. operates in an 
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assigned time slot only in ~v~cy ~t:her friune, i.e. at half the rate. Another mobile stati~~ ~pe~~tes in the same assigne~ 1:~me slot ~f every. otJ:ier frame. The system capacity, measured' in the nwnber of mobile subscribers, 

5 cari thus 'be doubled, ·.:l..~.: as many' ~s 16 mobile stations 
. •·· ~ . . ~· . .. 

. 

can operate on.the carri41ar'£req(iency sinn.iitaneousl.y. ' I • 

' In redent years, the need for h:igh-speecl data serv.ices''inmc:Jblle netw6rkshas increased considerably. · · For exampl~ ;tt.ansmission· X"atest ·c>l at 1east 64 Kbps would 10 be· req\J.i.r~d-··£6r. -the ISDN '(integ;fat~d -·li~rvices Dig.f.tal 
.. . 

. .. i' ·: • Network) . circuit-switChed digt tal . "dat~ services. The data servicei'cif th~ pUblic lntitched.telep~ne network . ( PSTN) ~ for ·_ 'example e modem . " and cfa~type tel.efax tarminals, r~uire. higher.·· tra~smission rates such as 
15 14. 4 Kbps. '· C>l'le . of the increasihg' a~ea$ 'of mob±le data transmiss.ionthatrequ.ires transmission rates exceeding 9 • 6 Kbps. is m()bile v.ideo sfi:rtr.ices ~ .-.- E:Jamples of such services incitide secu!d. ty suneillil:nce by means of cameras, and video databases. Tlie''mi.riJ.:mtam data rate in 

20 video . transnd.ssion may be: for 'el'~htpl~ 16 or 32 Kbps. ·.·The transmission rates 0£· i:b~ : present mobile networks are bot suff icf~nt for meeting these new requirements,' however •. · < . ; -. An arrangement, which is d;isclosed in a co-25 pending patent ·appfication of the Applicant~ wo95/31878 (unpublished 'on· the filing date ;of the present app1ication h reiates to aiiocating tiro or more parall.el traffic channels ( subchannels > on the rad.io- path for one high-speed data connection. T·he ··high~llP&ed data signal 30 is divided in·· the transmitter into ·these parallel - subchannel.s for the··- tran~missil.on "over' the' radio path, ·to be restored ill the receiver. ·This; approach enables the supply ·of· data transmis.sion:<services'. With as high as eight;;.. fold · .. tran8miss.ion rate'. compared to the 
35 conventional rate, · depend.ing •·on the number of the 

. ,;· .. ,. " 
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traffic channels ~llocated. For . example :l.n the GSM 
system, the total user . data rate of 19. 2 Kbps :l.s 
obtained by two parallel 9 .• 6 Kbps &~channels, each 
channel bei~g rate-adapted in the same·m.anner as in the 

5 eX;i.sting transparent 9. 6 Kbps bearer services of the GSM 
s.ystem. 

A problem relating to the use of parallel 
traffic channels :Ls the data rates wh=-.ch C?&nnot be rate­
adapted with th(i!l existing methods of· the GSM system even 

10 thou~h these . data rates can .. be evenly distributed 
between the avaiiable ·parallel subchannf!ls. 

For example the user data rate of 14.4 Kbps 
(according to e.g. ITU-T Recommendation V.32bi.s) 
requires two transparent GSM traffic channels the data 

15 rate in .,each of which 11hould be . 7. 2 Kbps ( 2 x 7. 2 ~bps 
"':'. 14. 4 Kbps), but there is no rate adaptation 1.n the GSM 
system for the sµ,bchannel data rate of 7. 2 Kbps. 

Correspondi~gly, for example the \,Iser data rate 
of ~O Kbps (ITU-T Recommendation V.120) requires five 

20 . transparent GSM traffic channels in each .·of which the 
data rate should be 8 Kbps (40 Kbps : 5), but there is 
again no rate adaptation in the GSM system for such a 
subcbannel data rate. 

Another problem is the data rates that cannot 
25 be evenly divided into a required number o~ transparent 

· GSM traffic channels. For examP.le the u_ser,. data rate of 
56 Kbps (ITU-T Recommendation V.110) requires at least 
six transparent GSM traffic channels, but it cannot be 

4ivided into these six parallel subchannels in such a 
30. way that.the (V.110) frames of each ~ubchannel carry the 

same number of data bits (56 Kbps : 6 • 9333.333 bps) • 
.. Furthermore, the high-~peed data .. transmission 

should J:>e $Ufficient.ly ·flexible so :that it could also 
support possible future high data rates that have not 

35 yet been standardized. 
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· An object ·of the: ·~·-'present .inVan:tion :1.s to provide ~- method and . a telecommunicat±'on'. < ~ystem which sup);>ort• the·· J rata .. adaptatioil ·. of both' :·,standard and 5 arbi trarj' ... · ·transndssion .·.·. ·±-5~9···· · in htgh~speed data 

10 

transmission utilizing parallel traffidehanneis. ·A :first aspect of the lnvention is a method for h.tgh..;.speed data: trarism!s'sion·"'fn a digital mobil.e system, ·said·methOd com~rising a step·· of·· 
transnil.tting· data: over'"the· rat.lo'; path bet~een a mob.il.e·:;station arid' a 'fixed mobile ne~rk:' on a rate­adapt·ed -t:t-atfic::;·ehannel allocatecf to the mobile station~ According t:c) the. in~ention;' the: methc)a .. i's characterized by further ··steps of· ·· 15 ~ailoeating ·'at · 1ea$t two pa'ra11e·1 rate-adapted tra'.ff±c: Channels·.· to a. high;.;speed<''d~ta / si.gnal, whi.ch requires ·a· data rate excee'ding ·:the maximum transmission rate of a ·singl:e traffic channel;.< ·. ·· utilizing transmission ':frames:~ ~wherein the 

20 . total number of information bi ts is independent of ·'the data rate-< of·. the;·" high-si>eed data signal; for data transmission oh parallel traffic channels; ... ·. rate-adapti.ng the high-speed data>signal. to the a1loeated: ·traffic· channe·ls :·by .. employing a variable 25 number of·. said ;total number ·of 'Sa.id information bi ts' for the" transmission of · the ·actual. use:t data >w.i thin each transmiss.ion frame dependi.ng -On·said data rate of the . high-speed 'data signal. ·· · · ·, ·· ·:.A: second' aspect of<the-. invention .1·s a digital 
30. · . mobile system . -wherein''.; a mobile <station·, .. :and a fixed 

35 

mobile ··network comp·rise a· data.' transmittEtt" and a data .· receiver·:which· ·•are ·capable of data transmission over the radfopath•ona traffic channel.'al.located'to the mobile stati:o:n.:·· According ·to-· the ·invent-ion,· the· system is characterized in that · '' · 



'· 

W096/27960 PCf/Jl'l96IOOl35 . 

5 

the fixed mobile network is arranged to 
allocate two or more parallel traf fie channels to a 
high-speed data signal which requires a. transmissi.on 
rate exceeding the maximum transmiss.:Lon rate of one 

5 traffic channel, 
the data transmitters are arranged to insert 

a high'.""speed data . signal into transmission frames 
.. ; . 

wherein the total number of the inforll\ation bi ts is 

independent of the data rate of the high-speed data 
' '·· 

10 s.ignal t() be transm:itte~ by empl.oy1ng a var1abl.e number 
of said total number of the informat:ion bits in each 
transmission frame for the transmission of the actual 
user data according to the data rate of the high-speed 
signal. 

15 In the. pr~sent invention, a high-speed data 
signal is packed into transmission frames in which the 
number of information bits is fixed and independent of 
a data rate of a transmitted signal. The number of the 
information bits is such that the data rate of the frame 

20 is constant and corresponds to the standard rate 
adaptatic>n of a traffic channel in a respective 
tel.ecommunication system, e.g. 9 • 6 Kbps 1.n the GSM 
~ystem. A variable number of these information bits of 
the transmission frame is utili.zed for the transmission 

25 of the actual user data. depend.1.ng on the or~g.1.nal ~ata 

signal rate. The rest of the bits are utilized for the 
transmission of control information or stuff bi ts. 
Therefore.. the number of user data bits in any 
transmission frame on any of the parallel traffic 

30 channels can vary between 0 and a predetermined maximum 
number. In other words, the transmission rate of the 
user data in .·the transmission ~rames · may freely vary 
betwe~n O and a predetermined maximum value. 

By means of the . invention, a signal of an 
35 arbitrary data rate can be transmitted through traffic 
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charillels ·.that· have. l:>een rate-adapted in .one constant 

.. m~rtner, by carfyirtg out a further '°r~t~ ·.adaptation inside 
.. .. . .· : ·: .. : , .. , . ."<'.·.. . : ·. . .. ·. . . ' .-: .. :·· !;~\;::,;: .. = .. :' ....•..• • . ·. 

the tt-anslilission frames. ···F"Qr ·uampl:e.iri the GSM system, it ··:1;~ possible tc{use ... a ~ta~dard'>9Js ;~ps rate-adapted 
5 transparent traffic channel arid.'ii''f·ta.rijh.:1.~sion fr~ of 48. . informatlori.. . . bits . . ac~rding to the CCITT Recommenaatiori·v.1uL···1n.~su~h -~- c8.se,· different user · .. da·ta··:rates bettoi~en 0. and 9'. 6 'Kbps .c~ri "be .. transmitted 

~ .. , · · -;~ : · · · .. · · -j' ·· .. ·i : : -::· ,. : : ·, <: · .. -::, ·. :: .. -:-·. ~ ·. r ·. :· .: : , . . 

through a 9.6:''Khps"· rate~adapted traffic' channel by 
10 chlirtging the'rtwnber of the. irifc;fmi!s1:1'6n bltEl':used for the 

user data '·tr~nsmission .. bettleen.; () and.'. 4a in the v .110 frame. 

..• soma CJf the "free'' :Lnfbrmition &its of the transmission frame may be employed to.detect how many 
is · · of· the frame . information . bt ts· c~r%¥ the actual user data. 

Brief :·Description o:f··u~ D~~wings In · th~ ... fol.lC>~ing, the. · 1nv&htion will be described ·.. by means " of. pref ei-r(td .· enm0dii1tents with 
. 20 reference to the .•. accompanying drawings; . in. which Figure l iliustrat"s a partdf amobile system wherein the invention· can be applied~ Figure 2 · · iilustr·ates high-speed da~a transm±ssion in two TI>AA 'time ·siots over the; ·radi.o path, 
25 Fi.gufe · 3 ··illustrates'· the ·network architecture ·according to the· in~enti.on, ~h:lcfr :supports the high­speed data 'trarismission of. several 'tr~i':f£ic channels 

. 
. 

between a mobile station Ms and 'an iritenrorking function IWF in the GSM:- system,' ' . 30 
Figure· 4 shciws ·t;h&v."ifO"frame st:tucture, ·· Figure 5 shows the general · structure of a transmission :frame ·according:.: to'' the··• .:Hiventic:>n, ·: .. Figure;·a· ii1\ist:rates'the':adaptatiort·of the user rate of 23. 5 ·Kbps · t(> thiee'~ GSM traffic channels 

· 35: according to the invention~· " 

;· ,. -·. 
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~ef erred Embodiments of the l:n~ention 
The present invention may be applied to high­

speed data transmission in digital TDMA-type mobile 

communication systems, such as the Pan-European digital 

5 mobile communication system GSM, DCS1800 (Digi.tal 

. Communication Syste.m), the mobile communicat:l.on system 

according to the .~IA/TIA Interim Standard IS/41.3, etc. 

The .invention_ .will be illustrated below. by using as an 

example a GSM-typ& mobile system, without being 

10 restricted thereto, however. Figure 1 introduces very 

briefly the basic structural components of the GSM 

system, without describing their characteristics or the 

other eleme.nts of the . system. For a mo;re detailed 

description of _the GSM system, reference is made to the 

15 GSM .. recommendations and to "X!J.e GSM system for Mob1le 

COllllltU11icat:ions" by M. Mouly and M. Paut~t (Palaiseau, 

France_, 1992, ISSN:2-9507190-07-7). 

A mobile services switching centre controls the 

switching of incoming and outgoing calls. It performs 

20 similar functions as the exchange of the PSTN. Further, 

it also performs, together with the network subscriber 

registers, functions, such as location management, that 

are only characteristic of mobile telephone traf fie. 

Mobile stations MS are connected to the MSC via base 

25 station systems B$S. A base stat.ion system BSS consists 

of a base station controller BSC and base stations BTS. 

For the sake of clarity, Figure i· only. shows ·a base 

station system wherein two base stations are connected 

to ~he base station controll.er BSC and wherein one 

30 mobil.e station MS is located within the coverage area 

of the base stations. 

The GSM system is a time di vision multiple 

access (TOMA) type system. The chanriel structures used 

in the radio interface are defined in greater detail in 

35 the- ETSI/GSM recommendation 05.02. During normal 
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opereati.on, . one. time slot i's . 411o6ated from a carrier 
frequency to a mebile' sh!tion' MS''as a traffic channel 
·in the beginn.t.ng of. a . cali (single "slot. a~ess) • The 
mobile· stati.'on ·Ms· is s1'nchroni~e'1:'.i.t1th: 'the allocated 

5 time slot> ·to transmit", and rfit!:e±ve radlo-frequenc:y 
bursts.. t)uri.ng the remaihing t:l..f'oi ,;the frame I the MS 

·.performs··· ·•d.1fferent ·me~surem~rtts. The· Applicant's co­
pending pateht appltcations.:W09S/3iS78 aJ!id PCT/FI95/ 
00673 disC::fose 'a method.wher~:ih t~o or 'moJi.~ time slots 

· 10 from the' smne Tl)MA frame ,. are , . aiiecated . t'o a mob1le 
station 'M8 which' requires data" trah$m:ission with' a 

' higher rate than what: one tra:ffic channel <lan provide. 
As·. regards thCl detaiisi. of : thi!r 'procliad.ur:e; reference is 
made to theaforementi,on8d'patent'~pp1£6ations. 

. . ·. . ' : . ···.. .·.. . : . . ':' ... ·,~~1 ~- ' · ... , . In the following, the procedure will be 
described w1th · re:fert!nce td Figure i··'oiiiy as one way of 
carrying out high-·~peed ·data ·tr~nsmiss.t'ori, based on 
several parallel traffic ch:~nneis; in a radio system. 
It .. ·. should ···be noted, .hdwever, .. that:" the: only matter 

20 essential for the · inv'ent''ion ·is ·' that · '~ '· connection 
comprising several ' 'parallel ' traffic ; channels is 

.. established, and'.·. the '·invention ·±tself' relates to 
carrying out ·and·. synchronizin:g;-Cdata :t:rarismission over 
such· a connection~ 

'25 ':Figure 2' shows at{ example:· wherein' successive 
time slots O· and 1 are alio6ated: to::a mobile station MS 
from· a single TDMPi fram~. ••:A high-speed ··data signal 
DATAIN, which is to be ·trans'ini·tted over 'the radio path, 
is divided in a·'dividei' a2·-£nto'a re'quired number of 

30 1ower..;speed data•· sign~ls·~ namely DATAl and "DATA2. Each 
lower-speed data signal 'DATA1 and DATA2 .· is separately 
subjected to channei: cod:itlg, interleaving, burst 
formation:'~' and ' modulation:· 80 and 81,: respectively, 
whereafter each ·1ower-speecf da:ta signal' is transmitted 

35 as a radio-frequency -burst•' in a dedi:dated time slot 0 
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and l~ ... respecti.ve1y. When the .lower..,speed data signals 

DATAl and DATA2. have b~en transmitted over the radio 

path through di.fferent, .. traffic channels, they are 

separately subjected in.the receiver to demodulation, 

5 deinterleaving .·and. channel decoding 83 and 84, 

respectively, whereafter the signals DATAl and DATA2 are 

again combined in a combiner 85 of the receiver into the 

original high-speed signal DATAOUT. F.igure 2 also shows 

a transmission buffer 88 used in an embodiment of the 

. 10 inve,ntion, the data e;ignal DATAIN being. buffered into 

the bu.ffer before being supplied to the divider 82. 

Figure 3 is a block diagram illustrating the 

GSM network architecture which impl.ements such data 

transmission using several paral.lel tr~ffic channels. 

15 The functions of the blocks 80,, 81, 83 and 84 of Figure 

3, i.e. channel coding, :Lnterleaving:, b~rst formation 

and . modulation, and .correspondingly ~emodulation, 

deinterleaving and channel decoding are situated on the 

side of the fixed network preferably at the base station 

20 BTS. The above-described TOMA frame is thus transmitted 

between the base station BTS and ·the mobile station MS 

in. a radio :Lnterface Radio I/F. Each time slot is 

subjected to separate parallel processing at the base 

stati.on BTS. The divid,er 82 and the combiner 85 of 

25 Figur~ 2 may be i~cated in the fixed network side remote 

from the base station BTS i.n anoth~r network element, 

such as esc, whereupon the lower-speed data signals 

DATAl and DATA2 a.re tr~nsmitted between this netwo~k 

e1ement and the base station in the same · way as the 

30 signals of normal traffic channels. In the GSM system, 

this communication takes place in ~RAU fJ:'ames according 

to the ETSI/GSM r~commendation 08.60 between the base 

station BTS and a special transcoder/rateadapter unit 

( TRCU) ~ The TRAU frames and the transmission associated 

35 thereto are not essential for the invention, since-the 
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:invention r&iates to carrying·''ciut arid synchronizing data 
transmi~sion .·over' the entire· Ciilta cdfin~6tion utilizing 
several'· paral1el.:. traf£ic ·: cilaruie'1s; . : i. e·.· . between the 
divider ·. 82 and the colnbirier ; 85; •. , . . ... 

5 ·:,:±n the GSM system, •. a dais:.- ·11hk: is formed 
.. between ri' terlllirial· adapter· 31: in the Jilobile station MS 

and ari interiorking .. function : IWF ·' 32 ,: .in the fixed 
netwt>rk·;~ · Iti : data transmission, occof'toillg .· in the GSM 
network; th.is ·conne'ction is :a V.irO··r~te·~adapted, UDI-

10 :·eoded digital. 9·. 6: · KbPs fui1·-ctupiex · C:orifiection that is 
adapted to:·;'v~24< ·1nt~r·faces~:· "The >v':"iio connection 
·describE!d'herein is-a digital.tranmission channel that 
was or.iginal.ly devtl'loped fo'r>l:SDN '(lritegreited Services nata.· NetWC>rk) ·tecihribiogy, th~t ;is: a.d.aptea to the v. 24 

··. · 15 .. interface, and th~t·} alsc{~provi'de$ t:tici( possibility of 
trarismi.tting V. 24 statuses ( c6ntroi signals) . The CCI TT 

·. recommendation for a v .110 ·ratt;l...;adapted connection is 
disclosed' iri the CCITT ., Blue ''.Bbok!-: V~110., The CCITT 
recommendation for a v~-24 interface is :di'saciosed in the 

20 CCITT BJ.u:e Book: v.24~ The teririirial ·adapter 31 adapts 
the data. terminal connected to the ·'mobfle· station MS to 
a 'v .110· connectibn~'i which' is establlstied over a physical 
connection · ut.11:£.zing several ·-:traf f iC channels chO to 
chN. The. IWF coupl'es: the V.110 connection·- to another 

25 v. 11'0 network, such -as an · ::rsDN' or another GSM network. 
or to some other transit. network; su6h:'as·· the public 
switched telephdnE:Lnetwork PSTN. In the first case, the 
IWF ·· only contains the divider/cblilbirier ·a2/as according 
to the iriventio:r'h ·I·ri the last~mehtioried case, the IWF 

30 also contains ·for exampl.e a baseband 'mc>Ci'Emf by means of 
which data transmission is perfdrmed·throUgh the PSTN .. 

The frame structure used for data transmission 
:on"a V~llO connection·'f9.6 Kbps) :1s· shown in Figure 4. 
The ·frame comprises 80 bits-.< OC:tet 0 contains binary 

35 · zeroes, whereas octet 5 contains a binary one which is 
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followed by seven E bi ts. Octets l to -• and 6 to 9 
comprise a binary one in bit position l, a status bit 

(S or X bit) in bit position 8, and 6 data bits (D bits) 

in bit pos1t1ons 2 to_ 7. The bits are transmitted from· 

5 left to right and from top to bottom. The frame thus 

comprises 48 information bits Dl to_ P48 (user data) • 

. Bi ts S and X are used to transmit channel control 

inf9rma1;ion associa't;ed to the data bi ts .in the data 
transmission mode. 

10 As desc~ibed aqove,, the problem. with such high-

speed data transmission is the data rates which cannot 
be rate-adapted· with _the present methods of the 

telecommunications _ systems. For example :in the GSM 

system, s~ch rates :l.~clude all data rates that are not 

15 multiples of 9.6 Kbps. 

This is solved in the invention by transmitting 

the user data bits through the traffic channels in 

frames the general structure of which is_ illustrated in 

Figure 5. The frame consists of a header and :information 

20_ bits. D~pending on the type of frame, the header 

comprises different kinds of synchronizat:ton and control 

. information, which is not relevant to the present 

:invention. however. Each frame . carries N data or 

information bits. From these N bits, n bits (n<N) for• 

25 an indicator field which.indicates that Nl. bits of the 

remaining N-n information bi ts are used for carrying the 

actual user data. The remaining k information bits, 

which are not used as indicator bits or user data bits 

in the frame, are occupied by stuff bits, the values of 

30 the stuff bits being set to binary one, for example. ln 

this manner, each transmission fraltle .· on each of the 

parallel_ traff.ic channels may _carry.· any number of user 

data bits between 0 and. N-n. Succ~ssive transmission 

frames on .the traffic channel may carry a different 

35 number of user data. bi ts. Due to this, the correct 
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average user :data rate cart .·~iliways ~''maintained. The 
·user data rate is ~ontrolled; in th~ trerismi tter for 

··example in such· a :~ay that.·th~ ·dJ."7id.~~ a2 of Figure 2 
·:monitors tha·'amdunt' of data'iz1"tiie·'tr;fuami~sion buffer 

5 88 and det~rrrtines the nu~:r of": the. user data bi ts in 

10 

the; next frame(s) a~drd.ingiy . .-'if ·.th~~ buffer 88 tends to ·£111 up, a predetetinined hlgh~ threshbl.d level .is 
. .· .. ·, . . . < . ··'· . .· .' > ·:::.';!:"' .. · ~ ~·.:". ;: ' . ·· .. ·; i .. , · ... ·. 

reached, and one or more of the·subsequent frames will 
be arranged to contain one or :,i!le~'tii:ii . data bi ts more unt!i the b'uf fer lev~i is agai'fi -~i'ow the. aforementic>ned 
tl'irfishol.d·. If· 'the. buffe~ es tertds ·to'. ·8JDt>fy, and when a 
lower tnresh:old levei ·is 'r~ae:he<t> £6r uample, the 

·. div:lder 82 :inserts~"one or':mo~e 1d~ta ;'hits' ie~s in one or 
several of the sUbsequ•rtt framias''ii'rit.11 '"the' hormal buffer 

15 level is reached, e.g~ \.1nti1 the· bti:ffefo:l~vel ex~~-eds th4a: l.Ower threshol.d lev~i ~· The di \7ider 82, which inserts 

20 

· a required · ·numbe:r Nl · of user.·· ·da'.ta ···bi ts 'i.ti the frame, ais6'f.i:1:Ls:thEl addlt:Lonal·i.n:fo:tmati~n b:l.t~ with stuff 
bi ts ··arid ·sets the indicator l:>i ts; ·;to: thf!r. ;;aiue Nl. This 

." • • • • I •'"" "• •" ~' : ' • ·. • • • • 

( • 
: ' ' ' ' • • • ' ,:. •, i •·; •; ' • • .•' ;' 

'• • 

will' be described in greater deta".1.l·with reference to 
Figure 6. 

··· ··· · ·; Tbe· application ~of the pr$sefit ·fhvention to the 
· GSM Sy-stem wiil be described,.;below /., .i:-t•· is'· assumed that 
rate•adapted •transparent full-rate: 9·~:5' :Kbps traffic 

25 . chanrteis are used as the paral::lei traf:fib channels, the 
v. 110 ··frames of Figure · 4 beirig: · transm±tted on these 
channels. The frame thus compriSeS 48 '. information bi ts 
i:n to D48, ic."e. N•4B. Six information ·bits, e.g. bits 

· 01 to 06, are; needed: for indicating the iluniber Nl of the 
30 user data bits among the remainirig'information bits in 

the' fr'ame~ Iri other words, ·n=6. Thisrieaves' 42 bits (N­
. n=42:)' for user· data ·iri the v~11'6 f·rame/ 'These available 

' ·bi ts. are bi ts 07 to 048, for> example~ . 
~. ·. : . '. 
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A few examples concerning the rate adaptation 

of high-speed data to such a V •. 110 frame of a GSM 

traffic channel will be studied below. 

Example 1 

5 ASSUnJe that the user data rate f:s 64 Kbps, 

whereupon eight parallel GSM traffic channels are 

.needed. The rate adaptation according.to the invention 

may then be carried out for example in the following 

manner. Sach. v.110 frame on each traffio channel carries 

10 40 user data bits {bits D7 to D46) and two stuff bits 

( 04 7 and 048) • Then Nl•40, and the. binary nu~r 1010000 

is set as the value for the indicator bits Dl to D6. 

Example 2 
Assu~e that the user data rate is 56 Kbps, 

15 whereupon seven GSM traffic channels are needed. The 

rate adaptation according to the invention. may then be 

carried out for example in the following manner: each 

V.110 frame on each channel carries 40 .user data bits 

(D7 to D46) and two stuff bits (D47 and D48). Then 

20 Nl•40, and the values of the bits Dl to D6 are 101000. 

Example 3 

Assume that the user data rate is 14.4 Kbps, 

whereupon two GSM traffic channels are needed. The rate 

adaptation .111ccording to the invention may then be 

25 carried out f~r example in the followin~ manner: each 

V.110 frame on each channel carries 36 user data bits 

30 

. .' 

(bi.ts D7 to 042) and six stuff bits (bits 043 to 048). 

Then N1=36, and the v~lues of the indicator bits (Ol to 

D6) are 100100. 
Example 4 
Assume that the user data rate .is 28.8 Kbps, 

whereupon fOUF GSM traffic channels ~re needed. The rate 

adaptation according to the invention . may then be 

c.arried o:ut for example in the following manner: each 

35 v.110 frame on each tra~fic channel carries 36 user-data 



WOwrT960 ·. 

14 
b'.:r.ts (bit~ 'D7 to. b42) abd six '·stuff bits (bits D43 to o4e). 'i'heri Nl-36, and thevalue!s :c):f'ffie i~dicator bits ( Dl to D6 f' are . lOOlOO. 

Example 5 illustrate•· the! flexibility of the 5 method acd6rding to th:e· ·. in'7C!rltion in adapting an arbi tracy tisei-,dat~ rate 'ti:> triirtElparent'~a~~l.iel traffic chanr1e1s •· '.Aflsume that' ·the user data· ra~e is 23. s Kbps, whereupon· t'hree ' para11•1 ·• dsM· traffic channels are 
need.ea. :: 'l'h~ ' rat:e adaptatioh · ~ccord:i:ng t:ti the invention . .. ... . . 10 may then be carried 'out fcir E!x$nipie in 'the following . . . . . -· .. . ·manner 11'1ust'rated ·. ::l.n Figure 6 ." · Thi=i ' v .1·10 frames on ' 'traffic chanhels chl and cb2 , .. carry at alf ti~es 42 user 
data bits (bits D? to D48).·· S':fri~· Nl•N•42, stuff bits are not needed'· and the ~alues···:c,f-the indicator bits. Dl 15 ·· to> D6 a~e{ 1'61010. 'A third paraiiel ·t:~affic Channel · Ch3 carri.es · .. 33 tis~r data· b:lts·· (bits.· 01·· to ··n39'> and nine stuff bits'· (bits· D40 to· D48). · .. i:~. eV'ery second v.110 frame~ In· these franies'Nl•33,whefeupol-i the values of tWe indicator bi ts (Di to D6) · are ;.IOOOOi. ,Al.l the other 20 v .'110 frame's ',of this· traffic' chanriel' ch3' carry 34 user 
data bi ts (bi. ts D7 to D40) an'd e.ight stuff bi ts (bi ts 041 to 048). In these frames:·Nl=34, and the values of the indicator bits '(Di to D,6) ai"e 100010. Due to this arrangement, the total. average·user rate of these three 25 channels is-' eX:actly 23. S . Kbps.' : . -

The indicator blts·according tci the invention ·· occupy the plac~ 8£ n·data 'bits· in· the· frame (e.g. n•6). 
If traffic ch~nnel capacity is to be saved, user data rates which are di visible by 9 ~ ff Kbps can be ·transmitted 30 by using an existing rate adaptation for the GSM data 
services, i ~ e. ·• standard· v-~ i 10'' fraines which contain no indicator bits or stuff'' bi ts' bt1t 48 user data bi ts are ··'then uti'l.ized. in such alternative implementations the rate ·adaptation accol:-d~ing 'to 'the invention would only 35' be applied to user data: rates which are not divisible 

..... -~. ~ l_ ···""flt" 
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by 9.6 Kbps. For example 28.8 Kbps can be transmitted 
with normal rate adaptation on three 9.6 Kbps traffic 
channels, whereas the rate adaptation according to the 

invention requires four traffic channels in Bxample 4. 
Traffic channel capacity can also be saved in 

such a way that the present invention is applied only 
on one or two channels. The rest of the traffic channels 
may then use the existing 9.6 Kbps. r•te adaptation. 

Even t~ugh the invention is described above 
10 with reference to certain embodiments, it should be 

understood, h_owever:, that the description is only 
exempl.ary and it may be varied ~nd modified without 

deviating from the·. spirit and scope ·Of the invention 

defined in the appended claims. 
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· · Clailns 
: . .,; .. , 

l • • A method for high.;;'speed data 'transmission 5 in a d·igit.al. : mobile sys-tan; said method comprising a ·step of 
; .· 

··tra:rislilitting data.···over the' ratio •'path between a mobile station ·an:d a fiJied · 'DiObile · ne'tWork1 on a rate­·. adapted traf£:ic· channel allocated to the mobi1e station, 
10 c h a r a· c•t 'e r i z e d. by·:further :steps of 

15 

' •. ,·~lloeating at le8~-t ':two parallel> rate-adapted traffi.c Channels · to a .· high-st)eed dat• ·'signal, which requires' a· data rate exceeai.ng "the mbimum transmission rate of a sing.la t·raffic channel., 
utilizing transmission frames, wherein the tota.l number of information bits is independent of the data rate of the high-speed data signal, for data transmission on parallel traffic channels, rate-adapting the h.1.gh•sP.ed data signal. to the 20 allocated traf fie channels by employing a variable 

25 .. 

number of said total number of said information bi ts for the transmission of the actual user data within each transmission frame depending on said high-speed data signal. 
data rate of the 

2. . A method 
c h a r a c t e r i z e d 

according to c1aim 1, 
in that the phase of rate adaptation comprises the steps of 

inserting the data of a high-speed data signai to be transmitted into the transmission frames, each of 
30 the transmission frames comprising a fixed number N of information bits, 

utilizing n bits of said N information bits to indicate how many of the remaining N-n information bits carry user data, 
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i.nserti,ng . stuf~ bi ts in the pl.ace of unused 

information b.i ts'." . 

3. A method according . to cl.aim 1 or 2, 

o h a r a c t e r i z e d by a step of varying the 

5 number of the inforniation bi ts used for the transmission 

of user data in ~he different transmission frames 

according to the amount of. the data buffered in a 

transmitter. 

4 . A method according to cla1.m 1, 2 or 3, 

10 c h a r a c t e r .~ z e d by transmitting frames 

according to the CCITT recommendation V.110 on parallel 

traffic channels. 

5. A .method . accordJ.ng to claim 2, 

c h a r a c t e r i z e d by transmitting the user 

15 data, in all the N information bits of the transmission 

frames, if a ratio between the user data rate of the 

high-speed digital signa.l and the transmission rate of 

any one of the rate-adapted traffic channels is an 

integer. 

20 6. A digital mobile system wherein a mobile 

station (MS) and a fixed mobile network (BTS, BSC,.MSC) 

comprise a data transmitter ( 31, ~2, 82) and a data 

receiver ( 31, 32, 81 ) which are capable of data 

transmission over the radio path on a traffic ohannel 

25 allocated to the mobile station, c h a r a c­

t e r i z e d in that 

the fixed mobile network (MSC) is arranged to 

allocate two or more parallel traffic channels to a 

high-speed data signal whi.ch requires a transmission 

30 rate exceeding the maximum transmission rate of·· one 

traffic channel, 

the data transmitters ( 31, 32, 82) are arranged 

to insert a high-speed data signal ( DATAIN) into 

transmi.ssion frames wherein the total number of the 

35 information bits is independent of the data rate of the 
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h.igh•speed,.data signal tobe'ti-ansmitted by employing 
a var.iable number of said ~ : tdtal. - nluriber of the 

informat·ion btts 'in ~ach 'trarismi~sion frame for the 

transmis$ion of the actual user data 'accdrdl.ng to the 
5 data rate 'of' <the hlgh~sP.ed signa.i'. ·-- . 

.. 7. · A system accordlng to claim 6, 
c h' a r a c · t e r i z e d in that -- .. 

. i , .. -
each transmission frame cemprises a fixed 

number-_ N o·f information. 'bi. ts; 
10 ·- n bi ts of said N information bit$ provide. a 

control ~ield which inciicat~s-:\flbW many. of the remaining 
N-n .information bits carry user :data, 

- the' 'informatJ.;on···-bits which are not used for 

said control field and the transmission of ·user data are 
is- -- · stuff bits. 

--- 8. A' system acoorcHng to :claim 6 or 7, 
C:- h a 'r a c· t e r i z_ ·9 d in --that th9 nulftber of the 

information bi ts used for 'the tran'smiss:.lon; of user data 
is variable between O and N-'"n bi ts depending·- on the data 

-20 rater· of the ·- high-speed---~ digil. tal signal • 

9. --- A system -- according : to -- cl.aim 6, 

c h a r a c t- e r i z e d in:that the data transmitters 

'are arranged -to adjust the number o£·the information 
bi ts used;' for transllli tting- user_: dat'a in -- the different 

25 transmission frames according to the amount :-of data in 

a transmission buffer. 
10. --- A system 'accord-i-ng to claim 6, 

c h a r a c t e-r-!''z e-d in that all the; N information 

bits of the transmission frame contain user data when 
30 a ratio between the user data 'rate of the high-speed 

signal and the transmission rate '()f any one' of the rate­

adapted traffic channels is an •-integer. 


