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1 Mul ti channel hi gh-speed data transfer Field of the
| nventi on The present invention relates to high-speed 5

mul ti channel data services (HSCSD) on a radio interface of a nobile

conmmuni cat i on vey 813073 Background of the Inventig, ,m, “?
In nobile tel ecommunication systens of the tine di vi si on

access (TDWA) type, time-division 10 comuni cation takes pl a_ce on the
radio path in successive TDWA franes, each of which consists of _
several tine slots. In each time slot, a short information packet is

sent as a dj frequen burst which has a finite duration and.
whi ch consi sts %‘f‘ 'Ss)l'éﬁm‘(?ﬂ' ﬁﬁg rapeer Hatd trpBsfefe siots 15 are mainly

used for transmtting control channels and traffic channels. On the

traffic channels, spe d e transmtted. On the control
channel s, signal I I n %Qlﬁngf @ﬁé Inv%%tsig; station and nobil e subscri ber

stations is car rib&d cRHeseM eXdsrEign a redRpefadite syighmspeethe
Pan- 20  &ur opmaltiaizinne lcasvaniantices IUstsm) GYMa( chabal inveiBe of  for

Mobi | e Conmmuni cat %.) — ventional TDVA systens, each
nobi | e station < coSS| nm?it]é?\% tl;rga i'c channel for data or speech

transni ssi on. Thus, ti?@%ﬁf’??gt%ﬁ]t#%rmw&ﬁée may have 25 up to
ei ght parallel ConnecIIn ansbiled telésymitinicaRlbhe systemsSicH | GRS @Amd sarre

' on one_traf hanne
‘s rest r:Ng;/gd (S r{;‘;:}ﬂﬂﬁﬁﬁlgr ag‘éﬁgé\ﬂ o STMAY cg‘f’@‘?{g ttoml%éilé(\}ﬁgp&bl e
bandwi dt h18nd t¢gmmun1catlon takes place on the radio path in successive

TDMA frames, each of which consists of several time slots.
In each time slot, a short information packet is sent as a
radio frequency burst which has a finite duration and
which consists of a set of modulated bits. The time slots

15 are mainly used for transmitting control channels and
traffic channels. On the traffic channels, speech and data
are transmitted. On the control channels, signalling
between a base station and mobile subscriber stations is
carried out. An example of a TDMA radio system is the Pan-

20 Eurocpean mobile communication system GSM (Global System
for Mobile Communications).

In conventional TDMA systems, each mobile station
is assigned one traffic channel for data or speech
transmission. Thus, the GSM system, for instance, may have

25 up to eight parallél connections to different mobile
stations on a same carrier wave. The maximum data transfer
rate on one traffic channel is restricted to a relatively
low level according to the available bandwidth and the
channel coding and error correction used in the

30 transmigsion, for example in the GSM system to 12 kbit/s,
6 kbit/s or 3.6 kbit/s.

A digital mcbile communication system typically
uses several connection types which can be divided into
two categories: transparent and non-transparent

35 connections. On a transparent connection, data is



channel coding and error correction used in the 30 transm ssi on,

for exanple in the GSM systemto 12 kbit/s, 6 kbit/s or 3.6 kbit/s.

A digital nobile conmunication systemtypically uses sever al
connection types which can be divided into two categories:

t ranspar ent non-transparent 35 connecti ons. On _a_transparent
connecti on, wﬂﬁ?’%"”l P WO 97/ 23073 PCT/FI196/00669 P

PCT/ FI 96/ 00669 2 2 transferred
through a traffic channel of the nobile conmuni cation systemin a
transparent way, which neans that error correction on the radio path
Is carried out by enpl oyi ng channel coding only. In the GSM systemthe
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correction b){:cransmlsgﬁgﬁngyer ﬁ% ecraofr}lrce%:hgﬂﬁmr. ESI o p%f ] r(ﬁ'q?ls C&g%r Upt ed

on the traff

re 1s ano 0] a er
(L2R), the data was not received correctly at the other end In
10 the GSM system, this communication protocol is Radio Link
Protocol (RLP), used between a terminal adaptor of a

mobile station MS and an interworking function IWF, which
is typically at a mobile services switching center MSC.
The RLP is a balanced (HDLC type) data transfer protocol
15 having a frame structure. Error correction by the RLP is
based on retransmission of frames corrupted on the traffic
channel. There is another protocol, Layer 2 Relay (L2R},
above the RLP. In the present patent application, the
functional part of the TAF or IWF carrying out these
20 protocols is referred to as an L2R/RLP unit.

In a normal data transfer state, the L2R/RLP unit
packs user data into 200-bit long protocol data units
(PDU), which are transmitted in 240-bit RLP frames over
the radio interface to a second L2R/RLP unit. If there is

25 no data or other information to be transferred between the
two L2R/RLP units, discontinuous transmission (DTX) may be
apprlied. DTX refers to a method. reducing transmission on
the radio path to a minimum (i.e. interrupt the
transmission) during pauses in the data transfer. The aim

30 is to reduce the power consumption of the transmitter, a
very significant matter for the mobile stations, as well
as the overall interference level on the radio path, which
has an effect on the system capacity. The DTX operates
independently for the uplink and downlink directions. The

35 mobile communication network may either allow or prohibit



above the RLP. In the present patent application, the functional part
of the TAF or |WF carrying out these 20 protocols is referred to as an

L2R/' RLP uni t. In a normal data transfer state, the L2R/ RLP unit
packs user data into 200-bit |ong protocol data units (PDU), which are
transmtted i it RLP franmes over the radio interf econd
L2R/ RLP unit. Qr?a?ﬁg"rse s 25 no data or other information ?g:‘?/ggg?/o&&
transferred between the two L2R/ RLP3units, discontinuous transni ssion
(DTX) may be applied. DIX refers to a nmethod reducing transm ssion on
the radio path to a mnimum (i.e. interrupt the transm ssion) during
pauses in the data transfer. The aim 30 Is to reduce the power

consunpti on of thigeuspafErPTXer, a very significant matter for the

nobi | e stations, as Wehl normal ISR/RLP e@yekatiohNthd @pvacarkeysbsoB1y he

radi o path, whi ha . ct,.on the St Lty. The. DIX
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3 t he use ,of DTX., . .n narmal L2RLRLP operation, the
PDUs are possi methe terminald inkerfage: 5 Iriﬁ?‘,ghbee&?ﬁlg@ He Hopl T4t F3n may
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10 implementation, to prefer £full PDUs to partially full

PDUs. This can be accomplished by using a timer or a

counter to slightly delay the building of a PDU until

there is enough data available (e.g. in a buffer) for a

full PDU to be built, or until the building of a PDU,

15 albeit only a partially full PDU, cannot be delayed any

longer. The timer may have a typical value in the order of

20 ms, in other words the repetition period of TDMA

frames. The timer wvalue should be relatively short in

order not to introduce additional data transmission

20 delays. |

However, the data rates of present-day mobile

communication networks are not sufficient for the new,

high-speed data services. A solution is proposed for

introducing higher data rates for mobile communication

25 systems in the applicant’s co-pending PCT application

WO95/31878, unpublished on the priority date of the

present application: two or more parallel traffic channels

(subchannels) are used on the radio path for one high-

speed data connection. The high-speed data signal is

30 distributed to the parallel subchannels at the

transmitting end for the transmission over the radio path,

and then combined at the receiving end. In this manner, it

is possible to provide data transfer services which,

depending on the number of allocated traffic channels,

35 have a2 transfer rate up to 8 times the conventional data



the L2R/ RLP buffer has enough user data to fill one PDU conpl etely.

It is al so possible, depending on the 10 i npl ementation, to prefer ful
PDUs to partially full PDUs. This can be acconplished by using a
timer or a counter to slightly delay the building of a PDU until
there is enough data available (e.g. in a buffer) for a DU to
be built, or 2807 he building of a PDU, 15 albeit only +"3+:;1y full
PDU, cannot be del ayed any | onger., The timer may have a typical val ue
in the order of 20 ns, in other words the repetition period of TDVA
frames. The timer value should be relatively short in order not to

I ntroduce additional data transm ssion 20 del ays. However ,
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LE¥?§|ggﬁoggg§ﬁgt££ﬁE% daléd-face in the RLPOrAtéd3078 is also possible
that some subchannels carry full PDUs in their RLP frames

and some subchannels occasionally carry partially full or
empty PDUs in their RLP frames.
 For the mobile station, this inefficient use of

15 transmission capacity may lead to an unnecessarily high
power consumption, heating of RF and other elements, and
possibly a more complex scheduling of reception,
transmission and neighbour cell monitoring than necessary
for the actual user data rate.

20 For the radio interface, this leads to an increased
interference, either in the uplink or the downlink
direction, or both. For the base station and the IWF,
reducing complexity is not that much of an issue as for
the MS.

25 The prior art DTX implementation, and the slightly
delayed building of PDUs can relief the situation somewhat
but not completely. The DTX is mainly used mainly in cases
when there is nothing at all to be transmitted. When some
data has to be transmitted (at a low rate), the

30 transmission requiring only a fraction of the allocated
bandwidth, the conventional DTX does not suffice.

Disclosure of the Invention
An object of the present invention is a
discontinuous transmission suitable for multichannel high-

35 speed data links.



4 rate. In the GSM system for exanple, the total user data
transfer rate 19.2 kbit/s is obtained with two parall el subchannel s.
This principle is also referred to as a mul ti-slot channel technique.
Hi gh-speed data service thus 5 obtained are referred to as HSCSD (High
Speed Circuit woonsemi t ched Data) services. | Tt BeroesosErt a
rate in a HSCSD service is | ower than the maxi num capacity of the
radio |ink protocol, partially filleg PDUs nmay be built and
transmtted over 10 the radio interface in the RLP franmes. It is also
possi bl e that sonme subchannels carry full PDUs in their RLP franes
and sonme subchannel s occasionally carry partially full_ or enpty PDUs
in their RLP franes. This object impyachievadbby 2 Jteihosh fOthéghnéPﬁF?‘él ent
use of 15 tr3a%E Traeefespdel tay diRyita@achdpdlan domhRaeeation YsPsedn,
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as for t reckBving user data Frrompa | termimalDintenfacenat at vanyinmd t he
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suitabl e for mbufifefrannekohnigh- Bke d&xrmed fkame | itragsmitted in the

transmission buffer for a possible retransmission until an

15 acknowledgement is received from the receiving end. The
method is characterized by determining the actual user
data rate on the terminal interface; determining a minimum
number of subchannels, said number being determined by the
actual user data rate; transmitting user data in data

20 frames only via specific subchannels corresponding in
number to said minimum number of subchannels; interrupting
transmission or activating discontinuous transmission on
each surplus subchannel allocated to the connection;
monitoring £ill level of the transmission buffer;

25 continuing transmission or deactivating discontinuous
transmission on at least one of said surplus subchannels
if the transmission buffer f£fill level reaches a first
threshold value; interrupting transmission or reactivating
discontinuous transmission on at least one of said surplus

30 subchannels if the transmission buffer fill 1level
decreases to a second threshold level.

The basic concept of the present invention is to
transmit frames of the radio 1link protocol (RLP)
selectively only via specific subchannels in cases the

35 maximum data transfer capacity allocated to the data link
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5 This object is achieved by a nethod for high-speed

data transfer in a digital nobile conmunication system t he net hod
conprising the steps of establishing a non- transparent data
connection hgy nunber of parallel 5 subchannel s al | t he
radi o interfg% &még?d nunber bei ng determ ned by a spggﬁﬁﬁgmﬁgkinum
transfer capacity; receiving user data froma termnal interface at a
varyi ng user data rate; transmtting user data over the non-
transparent data connection in data frames by enploying a 10

communi cation protocol which acknow edges data franes recei ved

correctly andisehsiansstniixedief ®hisvis datpertaahesecause intefrfleaiviggdan a
frames to be H-L :‘@21{% &, det £k @géé‘%&é'aﬂﬁ RLP frarPé'fcfw"Derr s%(r@&hf]g’rﬁﬁ@ dat a

frame transm nsm ssi on buffer 055|
retransni ssi oframnest aﬁf15thﬁnﬂ@ﬂﬁweﬂﬁﬁﬁﬁﬁt V%r?ecEFQQEF Eﬁﬁtrﬁy?%ce|V|ng
end. The arBEthedily sdmsaniesubetiahyelieteithinitngnyhecasisaéneger

data rate on the.termn i nter : er of
subchannal s, F&PY il ?kﬁel%g %igg??ﬁgéxﬁég E eas”h%hggnhgpsﬁgggyygta
rate; transm bei ng'agfdvedat a AGFFRIRI20 tO f r%s BEE§eRt o dp¥ERkien.
subchannel s C@.ﬁ:&ﬁ%ﬁ%diéﬂs late conceiitatedt orsaspesi il drusubehhanebé
subchannel s; |naerr é%$ the tréﬂh :ﬁgthxfééggeglqﬁpnghguous

S ocC

transm ssi on ur pI us Ssu c%anne ated to the connecti on,;
noni toring fi Iclonlnev-'sb-onf canoyt P9n§#?§§l‘lbﬁsmﬁf%‘f= adk, oxohRhenupwyloy

transm sgd on  Rbchdacl L ¥gédfic dbBLOMheUQiBect benefits of a lower
number of active subchannels include reduced transmitter
power consumption, less temperature problems and a simpler
timing of reception, transmission, and measuring
neighbouring cells. In addition, as the number of
15 unnecessary transmissions on the radio interface is lower,
the interference level in the mobile communication network

will be lowerx.
The required minimum number of subchannels can be
determined by monitoring the data £flow into the
20 transmigsion buffer, i.e. the actual user data rate.
Furthermore, by monitoring the amount of buffered data it
is possible to determine whether more active subchannels
will be required than said minimum number, and to
dynamically increase and decrease the number of
25 subchannels in use. Data amount mentioned above can be
represented e.g. data rate, buffer status, number of PDUs
or RLP frames etc. Determining the number of subchannels
used, and weightings for different subchannels wmay be
based on various mathematical and statistical variables of
30 the amount of input and buffered data, such variables
being for example instantanecus value, a fixed average, a
moving average, or some other statistical variable
{geometric mean, median, etec). This allows the control
process to react in a controlled fashion to sudden, slow,
35 temporary or long term changes in the transmission



transm ssion on at |east one of said surplus subchannels I f the

transm ssion buffer fill level reaches a first t hreshol d val ue;
interrupting transm ssion or reactivating di sconti nuous transm ssion
on at | east one of said surplus 30 subchannels if the transm ssion
buffer fill decreases to a second threshol d | ewelr/Fi96/00669

The basic concept ozsthe present invention is to transmt frames of
the radio link protocol (RLP) sel ectively only via specific
subchannel s in cases the 35 maxi num data transfer capacity allocated to
the data |ink WO 97/ 23073

PCT/ FI 96/ 00669 IS not required.

This is inporteapadidoarsguireacntayfng éﬁallabﬂtlﬁé’ r AACH ChABELPECBAYpr eads
an RLP frage Qyeer éﬁﬁgé&“lEQJWAfﬂr e&h&ﬁﬁéa hénddwer, R&Bd.LkﬁﬁQ&ag%ere
transmtted oyer arbitrarily selected s an
consi stency, 5 CEPRARATS ﬁﬁybz il %?zl-"}e}dat &d ?gg(g:haﬁ%e?s \/\%Uﬁ% u%%)s{:'t’ant ly
be "active" remmnﬁdwgreurensmﬁesum eferorrupiedt faka, allogatd®aniodsi ons
a'fg ﬁoncelﬁt r at el QRuISiREIHa1e s8behansghrect ion, ofkwovalb es £ asuidiareien er .
subchannel's al ocate egtion carry 0 t a
or they enplo tgﬁbﬁﬂ’aﬂ?ﬁ%ql%becﬁrﬁj |hr%ecxi % ergfr&t f%a | ower
nunber of act w]mmdabkmmeigs i ncl ude reduced transm tter power
consunption, |ess  CTREA e aiebéféﬁt A to @BbBEe the diBEHMhnelfs
;38??} l)gn as E%gnsﬁ"m 2 O(%ta transger ng{'gbe Conrkelnglhgourdnrg C?l lt%le
10 embodiments of the invention utilizes a subchannel

n

preference list which organizes the subchannels according
to principles such as: (1) an order based on the position
of subchannels in a TDMA frame, (2) a predetermined order
which depends on the total number of subchannels on the

15 connection, (3) an order to be negotiated during the
connection, or (4) an arbitrary order. Even an arbitrary
order is advantageous if maintained the same for the
duration of several TDMA frames.

Brief Descripﬁion of the Drawings _

20 In the following the invention will be described in
greater detail by means of the preferred embodiments, with
reference to the accompanying drawings, in which

Figure 1 illustrates a part of a mobile
communication system to which the present invention can be

25 applied on a single channel non-transparent connection,

Figure 2 is a block diagram illustrating the
functional units of a single channel non-transparent GSM
traffic channel on different protocol levels,

Figure 2 shows a L2R PDU,

30 Figure 4 shows an RLP frame,

Figure 5 illustrates a part of a GSM mobile
communication system to which the invention can be applied
on a multichannel non-transparent connection,

Figure 6 is a block diagram illustration of an

35 arrangement for an HSCSD connection in accordance with the



15 unnecessary transm ssions on the radio interface is |ower, t he

interference level in the nobile communication network will be | ower.
The requi red m ni mum nunber of subchannels can be determ ned by
nonitoring the data flow into the 20 transm ssion buffer, 1i.e. the
actual user %tg%mge Furthernore, by nonitoring the amount _of
buffered data iI't i s possible to determ ne whether mor'& TA16/00669
subchannel s will be required than gsaid mni mum nunber, and to

dynami cally increase and decrease the nunmber of 25 subchannel s in
use. Data anpbunt nentioned above can be represented e.g. data rate,
buf fer status, nunber of PDUs or RLP franes etc. Determ ning the
nunber of suhixhsarmtdion. used, and wei ghtings for different subchannels
may be based %ﬁg@ al variables of 30
t he amount of i nput q%ngggkgﬁered ataﬁag?c a:\E}gr ?Jg@%ﬁéuﬁ bei ng_for

exanpl e i nst ant aneo ey AARSENL (iNFAPLIEE, AR Le applieftpgaaddghge,
sonme ot her stgpeed i @ftla veramdmission i g@bybial cmoiede cEsihiicatiioh. Thl S

al I gve the SO dlng uti110500°Rridhd BATEibT B EMNY AbkRdal AUUAD o0

sudden, slow
transm ssi on TPMA or C MA V@ngﬂmjj@rgnt multiple access methods the

PCT/ FI1 96/ 00668hysical concept of traffic chanhel variegdpadiding
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exanpl e, handover cove nporary oOr
transf er reqmgqeadlng code 1n CDMA systems, a radlo channel in FDMA

10 systems, a combination thereof, etc. The basic concept of
the present invention is, however, independent of the type
of the traffic channel and the multiple access method
used.

The present invention can be used in all digital

15 data transfer systems on a non-transparent data 1link
comprising several parallel subchannels (e.g. multi-slot
access) .

The present invention is particularly well suited
to data transfer applications in digital TDMA mobile

20 communication systems, such as the Pan-European digital
mobile communication system GSM, DCS1800 (Digital
Communication System), a mobile communication system
according to the EIA/TIA Interim Standard IS/41.3, etc.
Below, the invention will be described by using the GSM

25 system as an example but without restricting the invention
to it. Figure 1 very briefly shows the basic structure of
the GSM system, not paying closer attention to its
characteristics or other aspects of the system. For a more
detailed description of the GSM system, the GSM

30 recommendations and "The GSM System for Mobile
Communications", M. Mouly & M. Pautet, Palaiseau, France,
1992, ISBN:2-9507190-0-7, are referred to.

A mobile services switching centre MSC handles the
connecting of incoming and outgoing calls. It performs

35 functions similar to those of an exchange of a public



requested retransm ssion of corrupted data, allocation of 5 . new
subchannel s to the connection, renoval of subchannels fromthe
connection, and changes in the radio interface channel codi ng.

There are different ways to choose the subchannel s on whi ch dat a
transfer w il ghpomegsi nued. One of the 10  enbodi ments %ﬁﬁbw&ﬂgentlon
utilizes a subchannel preference |ist which organlzes

subchannel s accordi ng to principles guch as: (1) an order based on the
position of subchannels in a TDVA frame, (2) a predeterm ned order

whi ch depends on the total nunmber of subchannels on the 15 connecti on,

(3) an order to be negotiated during the connection, or (4) an
arbitrary ordeﬁWMEwh#daﬁeéFDh@m@rqetw°rk(ﬁﬁﬁﬂN)lsIadwddn&gQOUSO|thﬂaentalned

the same for tfﬁ alsodubéi'fé)ﬂné)f ﬁﬁx\é%&%hs'r%fé@i@%ﬁstlc L Of mobiB&i ef
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0 ic e present Y Lon ca
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illustrating tIThe basefsnanmqmuﬂyanum§£ss qnnauqﬂ&ammamnbhseostataonparent
GSM 17 allddhnee33n82| B8R Aid IR rBEILAS BT Vel o Figure

3 shows a L2R P ows an RLP frarre
Figure 5 |IIustrates ghEaFFMoFyﬁtéémﬁ%n%l¥¥me divishon, Mudsiprds 8¢Seem t o
whi ch t hel® nventTDdA)c ysbemappl wkiich timerdivimilon chrafifiék naRekr phapar ent

connecti on, on the radibl QA & IshcReBkPGK 'Pbl%grf’fgtu#% %e%tchakifoﬂh%ha” 35

arrangenment for_ an HSCSD_connection 1 n accordance |
g consists of several time slots. In each time slot, a short

information packet is sent as a radio frequency burst
which has a finite duration and which consists of a set of

15 modulated bits. The time slots are mainly used for
transmitting control channels and traffic channels. On the
traffic channels, speech and data are transmitted. On the
control channels, signalling between a base station and
mobile subscriber stations is carried out. Channel

20 structures used on the radio interface of the GSM system
are defined in closer detail in the GSM recommendation
05.02. In operating according to the recommendation, at
the beginning of a call a mobile station MS is assigned a
time slot from a carrier wave as a traffic channel (Single

25 Slot'Access). The MS synchronizes to this time slot to .
transmit and receive radio frequency bursts.

In the GSM system, a data link is established
between a mobile station MS network terminal TAF (Terminal
Adaptation Function) 31 and a network adaptor IWF

30 {Interworking Function) 41 in the fixed network (usually
at the MSC). The data 1link is a circuit-switched
connection which reserves one (or more) traffic channel (s)
from the radio interface for the duration of the
connection. In the GSM network, the data 1link in data

35 transfer is a V.110 rate adapted, V.24 interface
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8 I nventi on. Preferred Enbodi nents of the Invention
The present invention can be applied to a high- speed data

transm ssion in digital nobile communication 5 systems utilizing various

mul tiple ac ods, such as TDVA or CDVA. In diff tiple
Oy i ;ﬁﬁé{ﬁ

access neth

physi cal concept of traffic | es,
bei ng prinmarily defined by a tine ghot in TDl\/Asystems
spreadi ng code in CDVA systens, a radio channel in FDVA 10 systems, a
conbi nation thereof, etc. The basic concept of t he present invention
I's, however, independent of the type of the traffic channel and the

mul tipl e accessmpatikie, UDI gwoded digital Full Twplskesenne¢hicmi e can be
used in all diygiigl c%%neceéaa tf@ﬂé&fglﬁyﬂyerra Ol 7 13N tfmﬁrsn dat a

4 nk conpris e e aral | gonel s

a1ccess) . nannet ?ﬁ%{?ﬁ"e‘g ﬁ ﬁ%gﬁg grfa?‘{ %%va]rcfef v@’rql 1 ted
to data transNetwarlp) | capeciifsedn 1d| ghEared'Mnmllloa ZOITT cBinrurBask i on
syst ens, SUC“ g&ggeﬁﬁéf\iﬁﬂlmq]aadqbebkam adagtPidl aatsoeramm@i 89

system

nmyni_cat i on S bile
comuni cat i on°§’9§?%ﬁ$d to rl%ﬁ n§o¥ot ﬁeVElll&PTl%q”r?)tééﬁ'Pﬁl é’tbé'r‘fgg
| S/ 41. 3, etc. Figure Beliswesthblishedtowsr ai birdeltdesctiched bonuedtiprt he GSM
25  system aﬁg?ﬁgsm%fc %m%h%b repd fﬁ&éw&&k tafa%pte\_ﬁew Ofdapts O it.

Fi gure 1 very asi c structure_of %Ms ystem not
payi ng cl oser thet ¥aii@ncepnegision to apgthero V- %fLPcEeBY’me h%‘r‘c e of the
system 1ifeor aigpNe or artihaid edSMdeﬁéﬂwqﬁk,onoroftotIanotﬁﬁwl syansin the
GSM 30 reco I ops d e ! f QL+ wdPPipSOrn .
Conmmuni cationg}g’,‘:’@%?IE Q &% -EQ sw?%?%%%e%lgogﬁce

In addltlon, the traffic channel employs channel

coding FEC (Forward Error Correction) with the aim of
reducing the effect of transmission errors on the radio

15 path. The GSM system employs convolution coding according
to the GSM recommendation 05.03, the efficiency of which
can be illustrated by a convolution coding ratio X/Y,
which signifiés that X data bits are represented in the
channel coding by Y code bits. On a full-rate GSM traffic

20 channel, on user data rates 9.6 kbit/s, 4.8 kbit/s and
2.4, the convolution coding ratios of 1/2 (punctured), 1/3
and 1/6, respectively, are employed.

The circuit-switched non-transparent connection
between the TAF and the IWF on a GSM traffic channel

25 comprises several protocol layers.

The terminal interface between the MS terminal
adaptor TAF and the data terminal equipment, as well as
the interface between the IWF and e.g. an audio modem
MODEM are in accordance with CCITT V.24, and in Figure 2

30 the terminal interface is marked with the symbol L2. As
far as the invention 'is concerned, the interesting
protocols are L2R (Layer 2 Relay) and RLP (Radio Link
Protocol) which both are at the terminal adaptor TAF and
the network adaptor IWF at both ends of the connection. In

35 addition, the.connection has, as illustrated in Figure 2,



1992, | SBN: 2-9507190-0-7, are referred to. A nobil e services

switching centre MSC handl es the connecting of incom ng and out goi ng
calls. It perforns 35 functions simlar to those of an exchange of a
public WD 97/ 23073 _
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t el ephone network (PSTN). In addition to these, It also perforns
functions characteristic of nobile onmuni cations only, such as
subscri ber I ocat i on managenent, jointly with the subscriber

regi sters (not shown) of the network. The nobile stations M

are connegted to the center base statio stens BSS.

The base stati (éﬁ%g?E?%‘FnWsCBﬁngF% Qﬁf Bration {RA} %’r\" tions, .BuER A9 er BSC
and base stati 8A3'Bb&tween the TAF &t :CIMWystiem (Chaantl n€odiéw i Wi

mul tiple accesgollreq 4e DM%& 5yS! G4 rbéwe%h e cébvza.ﬁaoeh%]rg@ﬁ{m%pﬁkes

pl ace on the radio th 1n_successive TDVA {ranes _eac
consists of sePEFUPER; kBes FSPS anfl, 3o FXANFFAREE| BRIt aTRAY placed apart
i nformati @& packein thespabeastationj Oafid CRAZNBytWeEStthe TRAU\/ranm ths a

fiini te duratl oygndhll £0cEORILSLS: n FuP Hurlesdilp oBBIHLALEES DL Sepe The

time slots are annel s and
traffic channefSM {ﬁc‘?"f‘f@*ndatmntsr 9412 anhRReRy; W%ﬁé°§a’e’%‘“@ﬁ@
transmtted. Onhtahecu and €N tTRAU abaaaelmedsixgrtaié a5y Retvhfendabbse
station and bi | e subscriber stations is carried out. Channel 20
structures use on the radio interface of the GSM system_ = are defined
in closerlt®etail in tHaedMo@esiREnBaEe idapted on the radio interface

RAl’ is furthermore channel-coded the way specified in the
GSM recommendation 5.03, illustrated by blocks FEC in the
MS and CCU.
The present invention, however, only relates to the
15 L2R/RLP operation of the TAF and the IWF, and
communication between them. The other aforementioned lower

layer protocols, functions and wunits only provide a

transmission path according to the GSM recommendations

between L2R/RLP units, and they are not significant to the

20 present invention with the exception of channel coding

FEC. Consequently, the other functions are not described
herein in any greater detail.

L2R (Layer 2 Relaying) functionality for non-

transparent character-oriented protocols is defined e.g.

25 in the GSM recommendation 07.02. L2R packs the user data

and the status information originating from the terminal

interface into 200-bit, 25-octet long PDUs (Protocol Data

Units), such as the one illustrated in Figure 3. The

octets are numbered 0-24, octet 0 being transmitted first.

30 The bits in the octets are numbered 1-8, bit 1 being

transmitted first. In a PDU, the octet may be a status

octet, a character (higher layer data) or fill bits. Octet

0 is always a status octet. A status octet comprises 3

bits, SA, SB and X for the status of the V.24 connection,

35 and 5 bits that indicate the number of data octets



05.02. In operating according to the recomendati on, at t he begi nni ng
of a call a nobile station M5 is assigned a time slot froma carrier
wave as a traffic channel (Single 25 Sl ot Access). The MsS synchronizes to
this tinme slot to transmt and receive radio frequency bursts.

In the GSM data link is established bet ween i station
N sexFisinnda

M5 network term AF (Term nal Adapt ati on Functi on)

net wor k adaptor |W 30 (I nterwor ki ngggunction) 41 in the fixed network
(usual Iy at the MsC). The data link is a circuit-swtched

connecti on which reserves one (or nore) traffic channel (s) fromthe
radio interface for the duration of the connection. In the GSM
networ k, the skatceeding i hhdatsrad®ms ochesi e@s iwelh ag 1tbe rsperiaddapt ed,

V.24 interfaggaications of thd0a8fh238¢8ts such as empty and PDU. In
PCT/ FI 96/ 0066 a-telsttél e, UD

. . 1 co
coded di gital g?—%ﬂ"fe Dipl B%3EBRNBE N Hhe succee@?glbycgnm g%ti
originally a tmgetwhich artsrivwsidofGSM" hebaheen packedpeaaftfer wWhEDH a

(I ntegrated Sgayigesedd Pdeak 2 fordekawrk), specified in the recomendation
CC TT Bl ue Book 5 \4.{110. The term nal gdagtor TAF adagta.a data .t erm nal
TE connect ed t FAh&2RHsPPEE 3R REcked LB dPia™sn aRAPERALRG tO therj g e 1

I s establ i sheRLPvprotocdY cusuclsva t Sheme domingrtshown in Rigjurg t4r.af’Ifh:ec
channel chO. gfig riwi ;Qa%géifi\@% q%g%f&é GSM retaaﬁﬁ.gnaaeisﬂw.% on to

anot her V. 110 net such as an 10 or ano r. GSM network, or
to another ThanfHP 1is a balanced (HDLC type of) data transfer

10 protocol with a frame structure, in which error correction
is based on retransmitting corrupted frames at the request
of the receiving party. The RLP extends from the mobile
station MS terminal adaptor TAF to the network adaptor
IWF, which is usually located at the MSC. As shown by

15 Figure 4, the RLP frame structure comprises a header field
(16 bits), an information field (200 bits), and a frame
check sequence (24 bits). The 200-bit L2R PDU is packed in
the information field. As a result, the net RLP data rate
is clearly above the maximum 9.6 kbit/s data rate for one

20 channel, which allows a specific number of retransmissions
without a decline in the nominal user rate. For example,
if the user rate on the terminal interface is 9600 bit/s
and the data rate on the radio interface is 12 kbit/s, the
"surplus capacity" 1is, depending on the character

25 structure being used, at least 12.5%.

The transmission buffer buffers the data received
from the V.24 interface so that data will not be lost even
if the MS is not able to transmit it instantly over the
radio interface. A reception buffer buffers data which is

30 transferred to the V.24 interface so that data received
from a traffic channel will not be lost even if it cannot
immediately be forwarded via the V.24 interface to e.g.
the terminal equipment TE. The RLP protocol also includes
a flow control, used to adjust the fill level of the

35 transmission and reception buffers. The flow control is



network, e.g. the public switched tel ephone network PSTN. In
addition, the traffic channel enploys channel codi ng FEC ( Forward
Error Correction) with the ai m of reduci ng the effect of transm ssion
errors on the radio 15 pat h. The GSM system enpl oys convol uti on codi ng
accordi ng wo ordapa GSM recommendati on 05.03, the efficien Leh

can be illustrated by a convolution -coding ratio XY, \Aﬁ%’ﬁ&é’}l‘ﬁg&ﬁff I es
that X data bits are represented in the 13 channel coding by Y code bits.
On a full-rate GSMtraffic 20 channel, on user data rates 9.6 kbit/s, 4.8
kbit/s and 2.4, the convolution coding ratios of 1/2 (punctured), 1/3
and 1/6, respectively, are enpl oa/ed. ., The circuit-swtched

non- t ransparentsE%?ﬂ'lé’&q ot the GRPLiXREGIMERS2EREN 3R7- e Ther exiteriom
traffic channelugéd toomutisatesestsy aflqw otonotol ayeySbe a half fullhe

term nal interf@{;gngﬁm%ﬁ tot}ery@ei)g_{%rmffer adaptor TAF and the data
wel 1 as e

term nal equi pnent, as 1 Interface between the | W and e.g.
an audi o nodem NEISEMRXLEUMN uEe¥ ofdfemh bl OR eceigle 2G8M smafifiicri gure
230 thester nthahné Ntigy reetrietaadr k6do V6 tkbife.synbol L2. As far as
the invention is conc ed.. Lhe inter Lng . r 0t.06,0 are L2R (Layer

2 Relay) and RLP (Ra_d?“!(’)rpLﬂ}ﬁé}h speedp, § %éol eﬁ%ll%%gboilﬁsc r{:"at HELRS mi nal
adapt or TAF andtrafficgkanrelfriradapsigned\tatabdahaerddlof inhether

connection. |n @brdsAdgid i N, mérke tiRieNeAbi8NakaSasasghed UBtdm it idanial gur e

2, 9 307 .
PCT/ El 96/ 00669 TBMA £¥é&e. in example of how to car;yiout hlgh-%ﬁﬁﬁqﬂqﬁﬁg ki nds

of Rate Adfptat Feangfen bamedi oms, asgeHtdsude of traffic channels is
disclosed in the applicant’'s co-pending PCT application

W095/31878 and W096/18248. However, it should be noted
that as far as the invention is concerned, the only

significant matter is that a multichannel data link can be
15 established.

Figure 5 illustrates a GSM network architecture
implementing such a data transfer on several parallel
traffic channels. Figure 5 is similar to Figure 1, with
the exception that in Figure 5 there is, between the TAF

20 and IWF, a circuit-switched non-transparent connection
which consists of N parallel traffic channels chO-chn,
where N=1,2,3... . In the mobile station, the TAF
functions as a divider which splits the high-speed data
signal DATA IN originating from the data terminal

25 equipment into parallel traffic channels chO0-chn, and a
combiner which combines the subsignals received from the
parallel traffic channels chO-chn back into a high-speed
data signal DATA OUT. Correspondingly at the other end of
the multichannel data link, the IWF functions as a divider

30 which splits the input high-speed data signal DATA IN into
parallel traffic channels chO-chn, and a combiner which
combines the subsignals received from the parallel traffic
channels chO-chn back into a high-speed data signal DATA
ourT.

35 The protocol structure of Figure 2 may also be



RAL' between the TAF and a CCU unit (Channel Codec Unit) | ocat ed at
the BSS, RAl between the CCU and the | W, RAA between the CCU and a
transcoder unit TRAU pl aced apart 5 fromthe base station, and RA2

bet ween the TRAU and the | WF. The rate adaptation RA functions are
defined in tu’e GSM r ecommendat i ons 04. 21 and 08.20. Communi cati on

bet ween QHE3EBU and the TRAU is defined in the GSM r eRGHFR4HEP46S on
08.60. 10 - The information rat e-lgdapt ed on the radio interface

RAL' is furthernore channel-coded the way specified in the GSM
reconmendation 5.03, illustrated by blocks FEC in the M5 and CCU.

The present invention, however, only relates to the 15 L2R/ RLP operation

of the TAF appllied hetol Wehe aRfigure sconmaltixHdrpelbet soptfeddiesn The
ot her af or emegLoned LANET 1o ch8YCLEaLOC! S nlAGHLONS 80 URd s only

provi de a i ransm'ssi on pat i according to the recomendations
bet ween L2R/ REpvemtien, dhe (UZR/RiPe undt dBgAPTRenntotall hehootraffigsent

in\éent}on W t Bhahite BX GEIlid it edf febaﬁﬁé|sﬁ@id@nectionFEﬁhtC@ﬂSﬂﬁW}t|y, t he
ot her functio a n scribed . rein iLn etail.
POR (Laysr Ezé?ggf%g%fﬁ'ﬁ%t?%'ﬁ%ﬁﬂe (piiiaehl \3 BY AESRLR A
char act er - or i hvidepr andc sombiiseyef Howgverg. eash tynaffnes cdmmmedordfendati on

?7- 02i hLZtR paﬁi’véxlri&'@d WHith ﬂaafédical;ec% g et Qea§£a&i&1imﬁa;)rlaﬁai @llgaxﬁ{élli nating
romthe termn interface intog - hi -octet |lon

(Protocol Dat 8°8mg (55 gu,n‘%ﬁé’ﬁsasa?héﬁg‘f’isgtﬁaitleéglbﬁ’a%éﬂufﬁ %I gﬁﬁs'& The
octets are nufibemeth®-eiew gstist ©fbthagl2RMAidhiunisd thesmulgbchamel bits in
the octalps ar@afdnMenrd il GudittantiBe P9 similatr 26SH ts8ehTd r Shandén a PDU,

11 bl ts. ouigk? Tl ranepiashoh cRafaef ey bEbwRSel hce Bty Wi ces
3 bits, ®BpreSBapaciity ftdvan beforatus of the V.24 connection, 35 and

5 bits that indicatge Hdt®Dp RHARBEL fdn dAa18616& Sillustrated by the

block diagram of Figure 6, in which the L2R and RLP

15 protocol functions are distributed into separate units 62

and 63 in the TAF/MS and correspondingly into units 64 and

65 in the IWF/MSC at the receiving end. Unit L2R packs the

data in the L2R PDUs as described above. However, in the

HSCSD slightly modified PDUs are employed; the number of

20 bits in the PDUs is smaller, i.e. 192. The reason for this

is to compensate for the reducing user data rate in the

RLP protocol, the reduction being caused by the extra

overhead information required by the HSCSD in the RLP

frames. As to the present invention, the difference caused

25 by the HSCSD in the PDUs and the RLP frames is not

relevant and will not be described here in closer detail.

The terms PDU and RLP in this application are used to

refer to all the versions.

L2R unit 62 outputs the PDUs to RLP unit 63. RLP

30 unit 63 inserts the PDUs in RLP frames and splits them in

subchannels chl-chn, where n is an integer and = 2. A

radio transceiver TRx carries out for each subchannel

(following rate adaptation and channel coding) building of

bursts, interleaving and modulation, and transmission over

35 the radio interface in a corresponding subchannel time
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12 succeedi ng the status octet, as well as the special

i ndi cati ons of the data octets such as enpty and PDU. In Fi gure 3,
status octet O is succeeded by 3 data octets into which the word "GSM
has been pack@éepbdsgr Which a 5 new status octet 4 fol | ovweT/F196/00669

The L2R PDUs are packed in a frame according to the RLP protocol, such
a frane being shown in Figure 4. The 15RLP protocol is specified in the
GSM r ecommendat i on 04. 22. The RLP is a bal anced (HDLC type of) data
transfer 10 protocol with a frame structure, in which error correction

I s based on retransmtting corrupted franes t he r.eque of .the
recei vi ng part9.°"|‘he'['}F%_Im§’xFEﬁéI€ ??%ﬁﬁé’eﬁoﬁﬁ‘erecew gleolﬁmf\%"ﬁ érhi nal
adapt or TAF t othéesulsthardeladdpeoslots, aMF, carhiics putudedhterlerainal at

the MBC. As sh 4 f
the NEC AS shaugobyedfy ebl-0Wabn’ autihalhBLl ! A1 S|£AINIBGC QMrzes @

, anlnfor %onflo? é_%o ghgﬂf a frame
check sequencedEEdeﬁlgé)forﬂ?é‘dfoG Bi RLE2 FACReGUPRRANTE
informatien fi ehﬂ tASRBP nesid 64 whéchetofbinemithe 0P and féeds|than y

above the max ?tt 6% . dﬁEEwéé‘ﬁetlfxé’rB'f’é‘ea:?@ IWF chanhedrp V\ﬂaggé@l | ows

a specific nu ransm ssi hout a decli ne i n.the nom nal
user rate. Forhé¥an1§l°e be traﬂﬁfetrﬁ’@dus’é} T’%ﬁté brameR PRE FRiF %t H9%ce is
9600 bit/s signdfidentaic uhe presehbeimestitiamt erface is 12 kbit/s, the

"surplus capacity" ée% dapendigeg BQtathPaté:hafr@CtaerH%sn Sdfpidalre

bei ng used, at | east transm ssion buffer buffers
the data ¥%ecei guBstantia}lym ¢orregrondsnt é’FFﬁcetEG t RAFiRWE o GRPIHH be
| ost even alllbchbed Mo i shé@ondekce ibn, t falk nPlUs tarienstranshjtoadron he

radio int erfac%llAs{xggﬁgﬁﬁgfs .btf(ff,e%sbﬂgtgasegﬁffef’wit%@ iu§er data rate
in a HSCSD service is lower than the maximum capacity of
the radio link protocol, L2R unit 62 may build partially
1s filled PDUs and transmit them over the radio interface
subchannels in RLP frames. Conventionally, however, the
transmission has been distributed arbitrarily on all the
subchannels chO-chn, with the result that all the
subchannels are more or less active.

20 According to the present invention, RLP unit 63
uses for transmitting RLP frames only a specific portion
of the subchannels chl-chn in cases the maximum data
transfer capacity allocated to the connection is not
required. On the other, unused subchannels, there is no

25 transmission present at all, or they have a channel-
specific DTX. The minimum number of subchannels used is
defined according to the actual data user rate into the
L2R unit, and the need for any additional channels is
defined according to the buffered data amount. This will

30 be described in the exemplary embodiment below with
reference to Figure 6.

The amount of input data, and the £fill level of the
buffers in the L2R unit 62 and RLP unit 63 are monitored
by a DTX control unit 61. At first, it is assumed that the

35 maximum transfer capacity allocated to a data call is



30 transferred to the V.24 interface so that data received froma

traffic channel wll not be lost even if it cannot I mredi ately be
forwarded via the V.24 interface to e.qg. the term nal equi prment TE.
The RLP protocol also includes a flow control, used to adjust the
fill level 5 transm ssion and reception buffers. The flow contr ol
i s %05%0%7 /23073 P PCT/F196/00669

PCT/ FI 96/ 00669 16 13 specified in

t he GSM recomendati on 07.02. The cri terl on used to activate the flow
control may be a half full transm ssion or reception buffer.

The maxi num user data rate on a single GSMtraffic 5 channel is
restricted tahde@ kixaffic channels, i.el 38 ¢gh-ldpdds dal28.8ekbités.( HSCSD),

sever al DT @Jat%oqh%gnﬁbﬁlaafs agRé A0 diedlalacaabhice! BEORAET

words, two or are assi g fromt

An exarrpl e ofda!’fc’\/\/ftlti’wc&ﬂf:? BER whih %zpeéé gheaayerage (uges datgagaseon a
mul titude of dxcrfeldsc thbatmpdcitiys of two slilscHameds,nit@eclegud kbdry'ss

co- pendlfpg qugapﬁﬂﬁﬁtﬂ,{]%paa};g }?@géiﬁé@@lﬁf%é/%e]@?s%c '391\3@ ?h onI y

shoul d be noté e inventron I's concerne
si gni ficant retq &hej §apRAs £hamaxipuRneaPRekty BldRCahRd e the data
establ i shed. 1ink. If that f& giHee caskel | DEX radmrcd GEMIDEdéas RIF aliitect ure

i mpl ement i ng GS.’JJC%) d3La sk gns{fr F‘%Euf %&%{}M Itoﬁgﬁhégl on a1t F ¥hbeg

channel s. Figure I ST SI m exception that in
Fi gure 5 thersuhchammed@een the TAF 20 and |WF, a circuit-sw tched

non-trapspar ent connRCtigdEurther assumed that the average user data

rate into L2R unit 62 drops during the call to a wvalue

lower than 19.2 kbit/s, e.g. 18 kbit/s. DTX control 61

defines a minimum number of traffic channels for the

aforementioned average user data rate of 18 kbit/s, i.e.

15 two subchannels. DTX control unit 61 thereby directs RLP

unit 63 to actively transmit on only two subchannels, for

example on subchannels chl and ch2. Transmission on the

third subchannel ch3 will be temporarily interrupted or

discontinuous transmission DTX according to the GSM

20 specifications will be activated on it. In such a case,

RLP unit 63 transmits, to the subchannel c¢h3, L2 £fill

frames according to the GSM recommendation 04.06, item

5.4.2.3. The TRX receives these RLP frames from RLP unit

63, but only forwards them onto the radio path in specific

25 TDMA frame subgroups, specified in the GSM recommendation

05.08, item 8.,3. At other times, the subchannel has no
transmission in the DTX mode.

DTX contrel 61 continues to monitor the average

user data rate, and simultaneously monitors at least the

30 £fill level of the RLP unit 63 buffer. The RLP buffer

contains both the RLP frames to be transmitted for the

first time and RLP frames already transmitted to which no

acknowledgement has yet been received from the receiving

end. DTX control 61 may have e.g. two threshold values for

35 the buffer fill level. When the fill level of the RLP



whi ch consists of N parallel traffic channels cho-chn, wher e
N=1,2,3... . In the nobile station, the TAF functions as a divider
which splits the high-speed data signal DATA IN originating fromthe
data term nal 25 equi pnment into parallel traffic channels cho-chn, and a
conbi ner whi cygo@phgaes the subsignals received fromthe PCTIﬂ?‘/ﬂMS I
traffic channels chO chn back into a hi gh-speed data signal DATA OQUT
Correspondingly at the other end of 1t he multichannel data link, the
| WF functions as a divider 30 which splits the input high-speed data
signal DATA IN into parall el traffic channels cho-chn, and a conbi ner
whi ch conbi nes the subsignals received fromthe parallel traffic
channel s cho- chuffgaskis el Bi grecpbie tduregholgnErlEp T ATX contxyl 6%
;2% Ef gg ;)gg%esgbbu@tg;aéesof thé JUpLeserBy rMinferDe of 4subchannel¥\0| QJG 28073
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preferred enbeontsal 6bfconsgiders thenprasedh, numkey 7 Rubchanrpels €d@mon

E(r)\ al | g hes t {ﬁﬁ:fe‘ Q‘ngladtequﬁlﬂén'Y@rstdﬂdé)cﬁﬁﬁhﬂi@sibhe.t mh fqgmctd&nprgﬂt of
ese, e sane_ti.ne ctions_as .t he af oreneptjone

di vi der and coﬁﬁ?‘h@?i ﬁémﬁ%&jlvﬁ@ﬁ‘% F%Rf %Eo'gh%‘%%}faq%eal ¢ g‘pgiﬂéi B with a
dedi cat ed r at e 63dapeginen (RAtzanpmikankneer datzodimg RUPECEramast i ons, as

ilustrated by Joh@#adndl EHIS: too, EvER hRugheW HOI AinDhud NeapiRE &P

unit, the nU|tlég¥¥gg%Lnding to the average user data rate of 18 kbit/s

t he

10 is two subchannels. As a result, the RLP unit 63 buffer
begins to empty. As soon as the buffer empties down to the
lower predetermined threshold wvalue, DTX control 61
considers the minimum capacity corresponding to the
average user data rate, i.e two subchannels, to be

15 adequate for transmission. Consequently, DTX control 61
reactivates DTX on subchannel ch3. RLP unit 63 recommences
transmitting RLP frames containing user data only via
subchannels chl and ch2. Via subchannel ch3, fill frames
are transmitted.

20 If the average user data rate drops to lower than
9.6 kbit/s, the minimum capacity required is one
subchannel. In such a case, the DTX mode will alsoc be
activated e.g. on subchannel ch2, and user data is only

transmitted on subchannel chl. DTX control 61 continuocusly
25 monitors the buffer f£ill level of RLP unit 63, and if

necessary deactivates DTX from one or more subchannels.

If the average user data rate again gains a wvalue
higher than 19.2 kbit/s, DTX control 61 again takes all
the allocated subchannels chl-ch3 in normal use.

30 Alternatively, the fill level of the buffer in RLP
unit 63 may have several threshold values in both
directions. Upon filling of the buffer to a specific
threshold value, DTX is deactivated from one or more
subchannels; upon reaching the next threshold value, DTX

35 is again deactivated from one or more subchannels, etc. In



10 data link is substantially simlar to a single channel l'i nk; the
"transm ssi on channel"” between them only has " nore capacity than

bef ore. The HSCSD connection can also be illustrated by the

bl ock diagram of Figure 6, in which the L2R and RLP 15 protocol functions
are distri bu%d”bg@g separate units 62 and 63 in the T

correspondi ngly I'n units 64 and 65 in the | W/ MsC at e'recel ving
end. Unit L2R packs the data in thgqgl2R PDUs as described above.
However, in the HSCSD slightly nodified PDUs are enpl oyed; the nunber
of 20 bits in the PDUs is smaller, i.e. 192. The reason for this IS
to conpensate for the reducing user data rate in the RLP protocol,

t he reducti onabdﬂnglaa-usreuhnby t e edtter buffer empiriesada rd okthueslmld equired

by the HSCSD i, EgSBirE is ﬁeaééf&@c%d Acfn td?let - %%éeahbeﬂaﬁﬂéwn,ag he

di fference cause alq (=q,lj§LP rames. i s not
rel evant and WRPl Re¥t be“}i?ss@ﬂl edV ‘f‘%sl r+ I 5§§F %%‘t ai 2 R erns
PDU and RLP i acthivategpbn carie @r aoereusebichannels, reg¢fker to all the versions.

L2R U.“it£2 out put s Ag {QL? &g Wd, Qe Ber afa tHB twﬁ%b@ﬁ@iés the

PDUs i n P frames an emln nne chl -c erenis
an i nteger an@s>ngrmal, rece%‘é{-ﬂ% R a‘?f%e?‘*ké’i’ 5arP§§s°ﬁu?p?S?¥€%ch
subchannel subch&ghémw nger atdesltapt ettlon awndocfibmmel toodithy) bGEMdi ng of
bursts, interleavin uI ation, and transm ssi on over 35 the radio

i nt erface in &°C6 g?gonﬁl ng subchannel tine % 3073
PCT/ FI 96/ 00669 e invention is most advantagepus when app to

10 a MS transmission. The method is also applicable when
transmitting from the mobile communication network to the
mobile station, whereby the radio interference level in
the mobile communication network will be lower.

As noted above, for determining the user data rate

15 and monitoring the buffer fill level, different kind of
statistical methods can be applied. Also, as noted above,
the traffic channels to be used at any one time may be
selected according to a specific preference list.

The figures and the explanation related thereto are

20 only intended to illustrate the present invention. The
method of the invention may vary in its details within the
scope of the attached claims.



slot. The BTS radio transceiver TRx receives the bursts in t he
subchannel tinme slots, and carries out deinterl eaving separately for
each subchannel, and (foll ow ng channel decodi ng) forwards the RLP
frames of each subchannel chi- 5 chn to RIP unit 64 which conbines the:
PDUs and f eedsyd ofssp73 to L2ZR unit 65. Between the BTS andpéfisehdtge RLP

frames have to be transferred in TRAU franmes but this is not
significant to the present invention. 19 When the user data rate
in a HSCSD service 10 substantially corresponds wth the maxinm
capacity all ocated to the connection, full PDUs are transmtted on

all subchannels. |If, as noted earlier, the user data rate in a HSCSD
service is |ower than the maxi mum capacftging the radio |ink protocol,
L2R unit 62 may build partially 15 filled PDUs and transmt them over the
radi o interface ubcha [ P ventiqnal | however ,

t he transni ssj on 'asﬂbgdeéﬁlhgfisﬁ%u%‘géﬁgg%eﬁ%??% é:r{a&s#?:hem a

subchannel s chRigitalmohilaccommtication aysteme the method inompaiisiage nore
or |less ackive.td steps of According to the present invention, RLP unit 63
uses for transmtting e%lEPbtéLr.a s only a s_g:ecific O{Zti%n of the
subchannel s chl -chn i T cases tHed meki Mith FAEREPALSNE  FRTRr CHREEELEPD

al l ocated to tHAEEHhe thumbers ofpparallel cgubehannels t3idogabed, ountibed
subchannel's, theddid s iM@e2Bace] I A8S18 S HuibeR’ €5ERhgat ddddrmin¥a t Y Bave a

channel - speclfd.c. PIX. The nl nimum nunbeé of subchannel's used is
defi ned accordi ot he Aeltal "o HE s SPPPEEEYinto the L2R unit, and

the need 1Br any addi tesgivinganeey data from defenminal ciontdinfaceoathe

buffered data armmping TRt Whth Bbke; be described in the exenplary
enbodi ment  below w th .. [eference to Figure 6. The anmount
of input data, and thé:rff‘ﬂ“lr'ém EJ‘I‘*"trheé’Datal OBE¥ f &PE iPRTIFISRAGRPE 62
and RLP unit 63affe noannegkeibn inpy GatRTX foanes| Uyt &dplodtirdg rsk, it
s assuned thatcdmitirdZat 168X | PRERIIANSLRIcK ARAKHw18kGRs Al Rst 4 O s2aflaba cal |
I'S 15 received correctly and retransmits defective data frames;
buffering data frames to be transmitted in a
transmission buffer;
storing the data frame transmitted in the
transmission buffer for a poseible retransmission until an
20 acknowledgement is received from the receiving end,
characterizedby
determining the actual user data rate on the
terminal interface;
determining a minimum number of subchannels, said
25 number being determined by the actual user.data rate;
transmitting user data in data frames only via
specific subchannels corresponding in number to said
minimum number of subchannels;
interrupting transmission or activating
30 discontinuous transmission on each surplus subchannel
allocated to the connection;
monitoring fill level of the transmission buffer;
continuing transmission or deactivating
digcontinuous transmission on at least one of said surplus
35 subchannels if the transmission buffer fill level reaches

* ¢ L M § %
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16 three traffic channels, i.e. 3x9.6 kbit/s = 28.8 kbit/s.

DTX control 61 nbnitors the actual user data rate of the data fl ow
into L2ZR unit 62. If the average user data rate exceeds the capacity

of two subchannel s e 19200 kbit/s, 5 the m ni num capacit e red
will be threk® gweﬁannel S, I.e the sane as the maxi m.l%](%‘é @&W

all ocated to the data link. I'f thaj,is the case, DTXcontroI 61
directs RLP unit 63 to transmt in ?he normal manner on all three
subchannel s. 10 It is further assuned that the average user data
rate into L2ZR unit 62 drops during the call to a val ue | ower than 19.2
kbit/s, e.g. al&ideitt khrePRS1&ovd e ; Ghd defines a mini mum nunber of

trafflc channel s for, . forq@%slm ver us 4@{@, of 18
kbit/s, i.e. 15 t\/\éﬁ"su t'm co%tgdeo un?€P61 te{? re gl rgcts RLP
unit 63 to adiﬁ@%%@ﬁ§n¥¥aﬁ?ﬂ¥ﬁﬁ§9ﬂtﬂﬁ b ptepEmong, of gFaid surgluspl e on
subchannel s Cé\ibémdufdl& Tfanghies Sitramsmisisdon buffierd $ildhalesielch3 wil |

be temporaril nterrupte 1-9'% RUQU$  transm ssion DIX according
to the M 2 J%pa‘é':’msf R‘ca |§%gor\}\?lﬁ e ac%ll vat, eg on I,t. In_such a_case,

RLP unit 63 transnitd, ta thdefiiséhandd crdaimedi|in  cl@il®yes laccor di ng
to the GSM regopmendat i lcplﬁ @406, zi & ednby thés&eﬁsSofThe TRX recei ves these

RLP frames from RLP é’jet 63, bUt'QO f %ﬁ&@rﬁgfé t Iraaa jig@dio
path in specific 25 ESATEPENE g‘uBéroups speC| ied 1n
recormendat | onumber 5.8 determiged byyths [astualnisert frEa #R%Pannel has no
10 transmitting user data in data frames via specific
subchannels the number of which at least equals said
minimum number of subchannels, and

changing dynamically the number of said allocated

subchannels according to the £fill level of the
15 transmission buffer.

3. A method as claimed in claim 2,
characterizedin that the dynamic changing of
the number of specific subchannels comprises the steps of:

continuing transmission or deactivating

20 discontinuous transmission on said at least one of the
other subchannels, if the transmission buffer fill level
reaches a first threshold value, and

interrupting transmission or reactivating
discontinuous transmission on said at least one of the

25 other subchannels, if the transmission buffer £ill level
decreases to a second threshold value.

4. A method as claimed in claim 1, 2 or 3,
characterizedbythe step of:

transmitting user data via all the allocated

30 subchannels if said minimum number of subchannels matches
the number of subchannels allocated for the data
connection.

5. A digital mobile communication system comprising

a transmitting party (MS, TAF) having a

35 transmission buffer (63);

* ¢ L M s x



transm ssion in the DTX node. DTX control 61 continues to

noni tor the average user data rate, and sinultaneously nonitors at

| east the 30 fill level of the RLP unit 63 buffer. The RLP buffer
contains both the RLP franmes to be transmtted for the first tine and
RLP franmes al ppshpssizansntted to which no acknow edgenpRbrlatosye!
been received fromthe receiving end. DTX control 61 may have e.g. two
t hreshol d val ues for 35 the buffer fillagl evel. When the fill level of the
RLP WO 97/ 23073

PCT/ FI 96/ 00669 17 buffer is bel ow
a specific threshold value, DTX control 61 consi ders the present

nunber of subchannel s2t¥e¢Riving PAFEYUATBE) if the buffer fills to this
threshol d value, DIX a mul®idHztineAl @enstdffispdentpr ededtiaushetcidd

ubchannel s to | r t LSSI Qn. hS. o DTX
ignfrgln 61 deag ?eafgﬁ%é%?r%q?%%%%gégcﬂg%tﬁeo éﬁgﬁ%&éﬁ Slcil%dt I‘mélé%%g%%%i ns to
transnmit user data fenpestigmmpayisg parallalpenbrhannels aklesatededntdough

L‘B_e /rrinilomsﬂ PaQﬁaEEYinterféT&T‘,r Qﬁ@Asmmﬁrt l@ftéw@i@v%rLlwp t!étaeggﬂah??ﬁ@w of 18
it/s i s, two _suhchannel s. a result e uni, uffe

begins to enpt §’.e15§ _s%%ge’é‘glqt?% t?mferaenf)??%}spldcovm {EHHE™ gra?%‘é@’?
predet erm ned chpashty¥d val ue, DTX control 61 consi ders the mni num
capacity correspondi ng tc@mnificatioRVekat86ceBENRIRS aihathich @4t is
subchannel s, ansni ssion.

control 61 t %rgg‘g%gfggﬁggg%%yg%%g;S%Eﬁaﬁﬁré?e%%?n %%SE%JE{EH%‘?/W%SEI%EMGS
10 that data frames received correctly are acknowledged and
defective data frames received are retransmitted, said
transmission buffer buffering the data frames to be
transmitted and storing the transmitted data frames until
it receives an acknowledgement of successful reception,
i5 characterizedby

the transmitting party (MS) being arranged to
monitor the actual user data rate and the £ill level of
the transmission buffer, and by .

the transmitting party (MS) being arranged to

20 transmit user data in data frames via specific allocated
subchannels, the number of said allocated subchannels
depending on the actual user data rate and the fill level
of the buffer, and to interrupt transmission or to
activate discontinuous transmission on possible other

25 allocated subchannels.

6. A system as claimed in claim 5,
characterized in that the transmitting party
is a terminal adapter (TAF) of the mobile station (MS),
and the receiving party is a network adaptor (IWF) of the

30 mobile communication network.

7. A system as claimed in claim 5,
characterized in that the transmitting party
is a network adaptor (IWF) of the mobile communication
network, and the receiving party is a terminal adaptor

35 (TAF) of the mobile station.

* c L M s *



transmtting RLP franmes containing user data only via subchannel s chl
and ch2. Via subchannel ch3, fill franes are transmtted. 20
I f the average user data rate drops to | ower than 9.6 kbit/s, the
m ni num capacity required is one subchannel . In such a case, the DTX
mode will al sqffipzg;s activated e.g. on subchannel ch2, andpcsfibesbdder | S
only transmtted on subchannel chi. DTX control 61 continuously 25
nonitors the buffer fill level of RLP uni1/$3, and if necessary
deactivates DIX from one or nore subchannels. If the average
user data rate again gains a val ue hi gher than 19.2 kbit/s, DIX
control 61 again takes all the all ocated subchannels chl-ch3 in nornal
use. 30 Alternatively, the fill level of the buffer in RLP
unit 63 may have several threshold values in both di rections. Upon
filling of the buffer to a specific t hreshol d value, DIX is
deacti vated from one or nore sub#&hannel s; upon reachi ng tRe next
t hreshol d val ue, DTX 35 is again tdvated from one or nnre§
subchannel s, etc. In /3073 ~

a dilmi | ar

PCT/ FI 96/ 00669 o< 18
manner, as the buffer enpties to g threspold val ue, DTX is reactivated
on one or nore subchannels; as < the hext threshold values is reached,

DTX is again activated on. nels, etc. 5 At
the receiving end, the BTS di
)
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subchannel s. DTX on specific subchannel s

is dealt wth according to the GSM recomrendat i ons.

The invention is nost advantageous when applied to 10 a M5 transm ssion.
transmtting fromthe nobile

The nethod is al so applicabl e when
conmuni cat i onwesd7aadds to t he nobi |l e station, whereby t i
t he nmobil e conmuni cati on networ khﬁvﬁ'ﬁr@%@w’omr.

interference level in

as normal, receiving on all

As noted above, for determning,the user2/$ata rate 15 and nonitoring the
d of statistical nethods can be

buffer fill level, different ki
applied. Al so, as noted abov) O the traffic channels to be used at any
ﬁccordi ng to a specific preference list.

one tinme may be sel ect
The figures and the expl anat il"!)g]rel ated thereto are 20 only intended to
t"f The met hod of the invention may

illustrate the present inven
scope of the attached cl ai ns.

vary in its details within th
WO 97/ 23073 e (] _________________ PCT/ FI 96/ 00669 :
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radio interface, said nunber being determ ned by a speci fic maxi num

transfer capacity; 10 recei ving user data froma term nal
interface at a varyi ng user data rate; transmtting user
data over the non-transparent data connection in data frames by

enpl oying a wepo973gAMUNI cation protocol which acknow edges%ﬁ%ﬂws 15
received correctly and retransmts defective data franes;

buffering data franes to be transmtted i 346 transm ssi on buffer;
storing the data frane transmtted in the transm ssion buffer
for a possible retransnmi ssi & uiftilBan 20 4 acBnowleddenent is received
from the receiving end[ZHlaLE g til2 g d by
determ ning the actual 63 ;Sﬁ<L}SePF!"Q j&ﬁ]’ﬁﬁ’%”oﬂ ﬂ.t!elr"lmﬁnal i nterface;

L . O CTPEeF iy [ P ;
determ ning a m ni num nunPeT—of —subthanmers;—S unber bei ng
deternined by the actual {§isdr dataQatd O 1 1 drgdnkABrE"ng user data
in data frames only via Sp-e6tFi-c—stbehanrrels—eegspondi ng i n nunber
to said m ni mum r@inpel off sulggharnel®; O 1 1 flA® egrupt i ng
t'ransm ssi on or act pwating.30 discoptinuous _transm ssion on each
surplus subchannel 3 pljocatedgo phe gonnectigpn; 4 | ja5 "M
nmonitoring fill level of fhe transm ssion buffer; cont i nui ng
transmi ssion or  deactt "bbt’éﬁi" Pla‘q*ﬂ !subtrwt Mﬁtﬁ ffhnsni ssi on on at
| east one of said surplus§ s Bé SIEIAE Jt,[alﬂs;ﬁssion buffer fill

| evel reaches WO 977 23073

PCT/ FI 96/ 00669

FIG. 3
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20 : a first threshold val ue; and interrupting

transm ssi on or reactivating di sconti nuous transm ssion on at

| east one of said surplus subchannel s if the transm ssion buffer fil

| evel 5 decreases to a second threshold | evel. 2. A

method as WwOw2Md in claim 1, c har act ecmiogossd by
the steps of: determ ning a m ni num nunber of subchannels, said
nunber bei ng determ ned by the actual usd¥Sdata rate, 10

transmtting user data in data franes via specific subchannel s t he
nunber of which at |east equals said m ni mrum nunber of subchannel s,
and changi ng dynam cally the nunber of said allocated
subchannel s according to the fill Jlevel of the 15 transm ssi on

buf fer. 3. A et hod as cl ai med in claim 2, C
har acteri zedinthat the dgwam c changing of tiya nunber of
speci fic subchannel s conprises the s€edsdof: conti nuj ng

transm ssion or deactivating X discontinuous transm s§Pon on said
at | east one of the ot her subch&néls, if the transnissiﬂE buf f er
fill level reaches a first %Qresho d val ue, and

i nterrupting transm ssi on or < reagtivating di sconti nuous
transm ssion on said at | east 1 subchannel's, if the
transm ssion buffer fill Ieégl a second threshol d val ue.

4. A nmethod as clained ig clgi a A tharacterized
by the step of: StranswH tt ity SEr dafa via all the allocated

30 subchannel s i f said m ni rum nunber] o1 hmel s mat ches t he
nunber of subchannels allocated for thg jat a connecti on.
¥

5. Adigital nobile conmmunicaid on systenrfeangrisin a
transmtting party (M5, TE?) ‘baving 35 transm ssion buffer

(63);
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21 a receiving party (1W); a nul ti channe
non-transparent circuit-swtched data connecti on between the two
parties, said multichannel data connection having parallel

subchannel s alwoagas@g on a 5 radio interface, the ”“”berﬁﬁn@ﬁﬂdamg'

al | ocat ed subchannel s being determ ned by a specific maxi mum
transfer capacity; g/sonmuni cati on protocol (RLP) in
which data is transferred over said«fgta connection in data franes so

el acknow edged and
ted, said transm ssi on

transmtted and storing the

10 that data franes received correctly
defective data franmes received are retransm
buffer buffering the data franes to be

transmtted data franmes until It receijes_an :
successful reception, 15 Cih a Imi eri zed by
the transmtting party (MS) being arrang noni tor the actual user
data rate and the fill |evel of tgﬁn m ssi pn buffer, and by

0  transmit user data in

the transmtting party (MS) being arraMgzd
data franes via specific allocated | subchhnnel s, the nunber of said

al | ocat ed subchannel s depending on thg actualwuser data rate and the
fill level of the buffer, and to intedrupt tkgnsm ssion or to
i SSi e ot fjer 25 al | ocat ed

subchannel s.
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claim
S

e
6 A system as cl ai me‘dq 79%

e'd in that the transmtting party
nobil e station (M),

and the receiving

ract episéz
Aer (TAF) of téagf,

E\ k adapt or
[y~

(I'WF) of the 30 nobi | e comruni cati on net system
as cl ai med in claim 5 c har s -*‘, at the
transmtting parBCT is ammmmk.s!ad A Dhi NG :
comuni CatiNQl%}Z networ k. and the r&CaIVI NONBA. er mi nal adapt or
35 ( TAE) Né’ﬁl@%ﬁP&lg&T&Qﬁl BHBLISHED UNDER 2 PATENS RATION TREATY (PCT)
> . e ——
(51) International Patent Classification 6 : (11) International Publication Number: ¥ WO 97/23073
HO04J 3716 Al
J (43) International Publication Date: 26 June 1997 (26.06.97)
= (21) International Application Number: ‘/ PCT/FI96/00669 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
/ BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
(22) International Filing Date: 17 December 1996 (17.12.96) HU, 1L, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,
i LT, LU, LV, MD, MG . MN, MW, MX, NO, NZ, PL,
- PT, RO, RU, SD, S ST, SK. T1, T™M, TR, TT, UA,
(30) ity Data: / UG, US, UZ, VN, A patent (KE, LS, MW, SD, SZ,
956087 v/ 18 December 1995 (18.12.95) FI UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European patent (AT, BE, CH, DE, DK, ES, HI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE). OAPI patent (BF,
(71) Applicant (for all designated States except US): NOKIA / BJ, CF, CG, C1, CM, GA, GN, ML, MR, NE, SN, TD, TG).
TELECOMMUNICATIONS OY [FI/F1}; Upscerinkatu 1,
FIN-02600 Espoo (FI).
Published
(72) Inventors; and With international search repor:.
(75) Inventors/Applicants (for US only): KANERVA,) Mikko Before the expiration of the time limit for amending the
[FUFT]; ic 1 F 58, FIN-00410 Helshtki (FI). claims and 10 be republished in the event of the receipt of
ASA] uha [FI/FI); Pensaskertuntie 8A, FIN-02660 amendments.
Espoo (FIJ-JOKINEN, Harri (FI/F1); Vahihiidentie 450, f P
FIN-25370 Hiisi (FI). /| P05 §  ©PY.
(74) Agent: OY KOLSTER AB; Iso Roobertinkatu 23, P.O. Box -
148, FIN-00121 Helsinki (FI).
9705498 -5
(54) Title: MULTICHANNEL HIGH-SPEED DATA TRANSFER /
S TN :
2 : RADIO
. DTX CONTROL : INTERFACE T
1] Y P ree st et st e s anea-
' r Y 7Yy ' 4 :
. : ¢ 64 8y .
Ve X il T e om0 2 Y vae
°——] R RP L1 T oIzl TR 21 AP 2R p—o
3 5 G T - Chn, :
e, 28 s wewse
~ ~ .
NS
{57 Abstract
A digital mobile communication system has a high-speed non-transparent data connection between a transmitting and a receiving
party {MS, TAF). For the data connection, paralle] subchannels (chl-chn), corresponding in number to the nominal data transfer rate, have
been allocat;d on the radio interface. A radio link protocol (RLP) is responsible for transmitting data over the radio interface, and for
aclawwlet{gmg correct data frames and for retransmitting defective data frames. A transmission buffer (63) buffers the data frames to
be transmitted and stores the data frames transmitted until it receives an acknowledgement of successful reception. In order to reduce
interference and power consumption, user data is transmitted by using as many of the allocated subchannels as required by the actual user
data rate at any one time, On the other allocated subchannels, transmission is interrupted or discontinuous transmission is activated.




