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.adaptation in a non-uni formnon-transparent data channel Field of the

‘invention 5 The invention relates to a rate adaptgﬁ*&gpéﬁﬁpod
and a rate adaﬂY@P”ﬁ)?‘a non-uni form non-transparent data tran

channel, especially in nobile systens having a non-standard transm ssion
capacity at the radio interface. 10 Background of the
invention Mbile systens generally .refer to, various teleconmunication
systens that enable private wireless data transm ssion for subscribers

moving within the system A tgateahddpbat fors Vst @Mrich-AnR¥Bkh CnbAlEr &R0h4 fant
15 network (PLMN). The PLHglEgOITlEI’I Ses fixed radio stations. (base

stations) located in the serv t he nmobil e network, the radio
coverage areas (cells) of the base stations providing a uniformcellul ar

networ k. A base station provi g.gglhnoéhﬁgq vehtidgl 0 interface (air 20

interface) for conmmunication between a nobiTe station and the PLMN. Since
nobi | e stationsScan nove in t BBentRv@idahdedpéesnhoe® Fatesadaptahiomimethod

t hr ough any b?se stgta'zﬁfli? trfagepla%btafef@f Ca/iﬁtﬁd-u&iﬁﬁmmoﬁahi-ﬁﬁ%ﬁfbarent data
arrangenments for subscriber, data n n t l;catign.an ocation 25
managenent of nobi | em F5&Pe © %rg?eﬂ‘i;'ﬁa% ot ;apg'%ﬁéng‘ggb}eas%its%‘%tbﬁ‘fw
during a call) etc..Ehe menvahdnsdazde direpspieviend wapacibyvi ebs tthet radio
support the transm ssifar@acenf ormati on other than the usual speech calls

hew servi ces Shave  requi rodBaEBERERE RS SRSARISEO devel oprent a
work and new arrangenents in Mbbihet wsyktem#gnogieeeraldyearefet mmbilwarious
systens  includes tejecommunication systems that enable private wireless
data transmission for subscribers moving within the
system. A typical mobile system is a public land mobile
15 network (PLMN). The PLMN comprises fixed radio stations
(base stations) located in the service area of the mobile
network, the radio coverage areas (cells) of the base
stations providing a uniform cellular network. A base
station provides in the cell a radio interface (air
20 interface) for communication between a mdbile station and
the PLMN. Since mobile stations can move in the network

and they have access to the PLMN through any base station,

the PLMNs are provided with complicated arrangements for

subscriber data management; authentication and location

25 management of mobile subscribers, for handovers (a change =~

of a base station during a call) etc. The networks are

also provided with services that support. the transmission

of information other than the usual speech calls (speech_

service), such as data, facsimile, video image, etc. These

30 new services have required a considerable amount of
developmental work and new arrangements in the networks.
Another area of mobile systems includes
satellite-based mobile services. In a satellite system,

radio coverage is obtained with satellites instead of

35 terrestrial base stations. The satellites are located on



satellite-based nobile services. In a satellite system radi o coverage is
obtained with satellites instead of 35 terrestrial base stations. The
satellites are- | ocated on WD 97/ 22196

PCT/ FI 96/ 00654WD ®In2196bit circling the earth and transnitti ngp@mggm@dsgnal S
bet ween nobile stations (or user termnals UT) and | and earth stations
(LES). The beam of the satellite provides on the" earth a coverage area,

i.e. acell. The coverage 5 areas of individual satellites are
arranged to formcontinuous coverage so that 2a nbbifle station is | ocated
at all times wthin the coverage area of at |east one satellite. The nunber
of the satellites naBdegbdepehling the eesth &nd drapspsttOogtiadicusignals

coverage on the surbaenedf moblmé bbeteens h (Brobketcdternend P 8%¥3MahA 1@nd

satellites. Subscriber re | m,| ar ar ements .in satellite
nobi | e systems as |ﬁafﬁgoﬁtmgn? gﬂ:@u‘bs § o5 rﬁa?é%a@%ﬁéﬂtlte provides
aut henti cati on and bocé;heoreamnagemveragenawelae dubscei lweld,. IThed@ovexrage
etc. The 15 5 sat s?lease SYSUHM R0Hd 4601 PURIO! larl NhLRLoGEY VIHGPS dn

the PLMNs. One way | ementing these requirenments in sat noDbi
systems is to usGOHE%P‘é?‘Fﬁ9C°‘ﬁ59lqeaPPaE§%?reﬁ1tI%°blllﬁ pERREPPI ks thvaated at
alternative is veryallnptimé® withshncehe m&elrhgée Syed edecaac ber s cahky

compared 10 a base Shibioh:sySHAM AU LAoSKSLEM Lyl AR NeoTBAL! Bl

radio interface. 0 uUSe a con
infrastructure wherEh?héie%ﬁdsFﬁY?’é?\g%ys‘E‘e?ﬁll@m&‘Ssd%Oé’IeIrlage opsttée surfsaeh

a 10 of the earth might require for example 10 satellites.

Subscriber mobility requires similar arrangements
in satellite mobile systems as in the PLMNs, i.e.
subscriber data management, authentication and location
management of mobile subscribers, handovers, etec. The

15 satellite systems should also support similar services as
the PLMNs. '

One way of implementing these requirements in
satellite mobile systems is to wuse existing PLMN
arrangements. In principle this alternative is very simple

20 since a satellite system can be basically compared to a
base station system of a mobile system having an
incompatible radio interface. In other words, it is
possible to use a conventional PLMN infrastructure where

_ the base station system is a satellite system. In such a

25 case, the same network infrastructure could in principle

 even contain both conventional PLMN base station systems
and satellite "base station systems". '
o There are many practical problems related to the
adaptation of the PLMN infrastructure and a satellite

30 system, however. A problem apparent to the Applicant is
that a PLMN traffic channel and a traffic channel of a
"radio interface"” in a satellite system differ

considerably. Examine an example where the PLMN is the
Pan~European digital mobile system GSM (Global System for



25 case, the sanme network infrastructure could in principle even
contain both conventional PLMN base station systens and satellite "base
station systeng'. There are many practical problens related to the

adapt ation of MBI i nfrastructure and a satellite 30 REJ{TAPf00654
however. A problem apparent to the Applicant is that a PLMN traffic channel
and a traffic channel of a "radio i nterface"” I n a satellite

system differ considerably. Exanine an exanplg where the PLMN is the
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the Inmarsat-P systemthat is currentI%blee devel ognent
channel in the GSM s}2% SHAMARSESEsS ¥Rt Hes SPERSRELY Mndese deval epment -
2400, 4800, 7200 and 5 960@rhffie. chanddle iutheeGShi gfstapeehpiairds data

services (HSCSD = H ol pAREMLidy G [l helPdy ?i‘&?) TR ”thdg’, 288" &na

traffic channels he -s|ot "4cces
support hi gher Suser 96&Qxb%t%@40@nbth¢siutpgwoohbghrgpeed)dauaomemwanspanaacso

data services also utigi ekl hadi SwltEied 400
nobi |l e station M5 and a-gxagp it p ﬁH%_emEhBy@ﬁ e ?r moxe

nterworking f i on | whi S typic
situated at a nobile™§ #%&?Xﬁ?qgﬁPFéﬁln Ece k% e R%§§ %ﬁf§ 3C€ a (mult¥'51°t
frame-structured balasesss)( HisC- squrtletueghqmn§nrssabﬂs p(rldt4(§tﬂob_1tl2|s|;on.9600

COI‘I‘EC'{ISI’I in t?ﬁ RLkPlﬁﬁs basqg %n{-*ﬂ?ailéparenfe&ééﬁﬁéf@ié&? aPlo &{tifﬂ?

corrupted on e i.c channe e recelving party e

traffic channéP enpl %#ePrBB‘a?ﬂgegc&fFaie;wﬁ?\{‘aF Bekile §tRF49ReMS” and an
interworking function IWF, which is typically situated at
a mobile services switching centre MSC. The RLP is a

frame-structured balanced (HDLC-type) data transmission
protocol. Error correction in %the RLP is based on the

15 retransmissions of frames corrupted on the traffic
channel, requested by the receiving party. The traffic
channel employs channel coding that aims at decreasing the

effect of transmission errors. Due to the channel coding

and the. other overhead information . the bit rate at the

20 radio interface will be higher than the actual user rate.
The radio‘interface-rates for the user rates of 2400, 4800

.and 9600 bit/s are 3600, 6000 and 12000 Dbit/s,

respectively.
o The Inmarsat-P satellite system requires that
25 standard data rates up to 4800 bit/s can be transmitted on

one traffic channel (e.g. 1200, 2400, 4800 bit/s) and that
standard data rates exceeding 4800 bit/s (e.g. 9600,
--14400,- 19200 bit/s, etc.) can be transmitted by using
: several parallel traffic channels, such as in the HSCSD

30 service of the GSM system.
In the Inmarsat-P satellite system, the data rate
" of one traffic channel at the radio interface is at most
4800 bit/s, which equals the user data rate of 4800 bit/s
at the terminal interface. In -a data service employing two
35 traffic channels the data rate at the radio interface



effect of transmission errors. Due to the channel coding and the other
overhead information the bit rate at the 20 radio interface will be
hi gher than the actual user rate. The radio interface rates for the user
rates of 2400, w86l 9600  bit/s are 3600, 6000 and peBPfdendiss /S,
respectively. The Inmarsat-P satellite systemrequires that 25 “standard
data rates up to 4800 bit/s can be transmtted on one traffic channel (e.g.
1200, 2400, 4800 bit/s) and that standard data rates exceeding 4800 bit/s
(e.g. 9600, 14400, 19200 bit/s, etc.) can be transnitted by using several

parallel traffic channel g, ch as i he CSD _30 service of the GSM
system In the | nmar§8 !"@SSZ'?’EI BSeE &?%Fe lé%ﬁhé’fdeﬁ%mr i&/§t agndhe Heumgnal
channel at the radi oinneefhiaee In athepswodd) ant ésd-wdHeriy amnds d hadasen
data rate of 4800 bi t rJg |, Ate - a rvice )
enpl oyi ng two 35 B{er%g? %chﬁh%sgnﬂd;%{n hte4§ a{%a}?‘% edr{a}'tf%t eg?% P o h R ARAgIEY
4 equals the user daPi tReetFRLEg0ochrEngl aseehion HVRMANY Raselddde leg is

ot her words, arpend-lewerdthanfthat bl dieiffden cAanhbl agéb ibrMBetween an
non-uni f orm si nce th(EEgapa it%ﬁ]of pgg traf.fic channe% section_over the
| oY e PRt °

h .
satellite leg is 5 of “thePParft fHhePfsebh® orf raffic
bet ween an LES and t bbanB€l Thisesohhenkbbiaving oprohkens aifrf i morchHararalparent

causes the fol | owi ngyREabLepd:tds NbidiAaNP¥heNkr8abase6EY1 ces enpl oying
the RLP protocol. Firstly, thgjé%/?ls - | "WF tra\?%?—#vfg(da a towards the 10 VS

at the same rate as data is r £5 R gifansmits data towards the
10 MS at the same rate as data is received from the fixed

network, such as the ISDN or the PSTN. In practice, this
may signify a data rate of 12000 bit/s in a non-
.transparent call since the data modem of the IWF may
operate in an autobauding mode towards the fixed network.
15 The LES may transmit data that it receives from the MSC-~
IWF towards the MS at a considerably lower rate, i.e. 4800
bit/s. The MS may easily receive the data that the LES
transmits with the lower data rate, but the data begins to
accumulate and may be lost at the LES. However, the MSC-
20 IWF continues transmitting at the full rate of 12000 bit/s
'~ until a transmission window set in the RLP protocol is
full. A transmission window refers to the number of the
RLP frames the transmitting party may transmit without
receiving acknowledgment from the réceiving pa?ty. _
25 - A similar problem may also occur when other types
of radio interfaces are connected to PLMNs, for example
wireless telephone systems where the capacity of the
traffic channel section at the radio interface is lower
than that of the traffic channel section in the remaining
30 part of the PLMN.
Disclosure of the invention
An object of the present ‘invention is to
" eliminate or alleviate the above-described problem.
The present invention relates to rate adaptation
35 equipment. in a telecommunication system for data trans-
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network, such as the ISDN or the PSTN. In practice, this nmay signify a data
rate of 12000 bit/s in a non- transparent call since the data nodemof the
| W may operate in an autobaudi ng node towards the fixed network. 15 The
LES may transnMOWA2I6t hat it receives fromthe MSC | W t owarkfsI/HIARO00GH ot
a considerably lower rate, i.e. 4800 bit/s. The M5 may easily receive the
data that the LES transmts with the |ower data rate, but the data begins
to accumul ate and may be | ost at the LES. Howevger, the MSC 20 | WF
continues transmtting at the full rate of 120 bit/s until a transm ssion

w ndow set in the . prot.oc | I 1S10.SS1 i N refers to_ the
nunber of ‘the RLP Fbglhéé)éslcimeg%?jéﬁg%ﬂ t Pngf%%ﬁr?{jé’gnﬁtﬂ}g\#sm W ?ﬁglu’?mlgsmn
recei vi ng acknow edgerettodalorhetinearecldis/i hglepeemunigation equipmenta of the

sinilar problem may @éaoszﬁ%hgm@aat?t 8R4 EN@eteDécdmilin dahiiShf AgA3pRERL of

connected to PLMNs, for exar’rﬁl? W re 8'3(8 telephone systens where the _
capacity of the traff?t CEREAAEI SeATHY al*2né r B8P0 P'hf%’?? alEnErppRRarent
than that of tBe tratfaffichahaeheiectiset iaf theffénachamyel3) congimtingf ofhe
PLMN. Di scl osure of ; ' | £ct . Of e d i Qn

elimnate or allevi a%éﬁile@%%%\?g?éég%%jb%g o;ﬁgbﬁgﬁmhg%hg rceJé nt%mltdn\c‘/)'eﬁ ?g%\?c
relates to 5 rat echanngfiapseEriRe ofedui PRt CaPpRity. The equipment is
t el ecommuni cati on sysh#radweridada in atkat Sthen mate cydapgrztidn equipment is

frame-structured engd-ta- t i SSi
t el ecommuni cati on eqﬁ?%%e%%t ' dncbiened %?f\?%bn Rt q‘cﬂh lgggggggy afld the
10 low capacity traffic channel section and comprises

. a data buffer that buffers the frames that are
received from the high capacity traffic channel section
before they are transmitted to the low capacity traffic
channel section,'

15 data buffer control arranged to adjust the
filling level of the data buffer by activating, Aif
necessary, data flow control according to said data
transmission protocol in the telecommunication equipment
of the transmitting party.

20 The invention also relates to a rate adaptation
method for data transmission employing a frame-structured
data transmission protocol between the telecommunication
equipment of the transmitting party and the tele-
communication equipment of the receiving party via a non-

25 uniform non-~transparent traffic channél éiwset 6f tféffic
channels 'consisting of a traffic channel section of a
higher capacity and a traffic channel section of a lower
capacity. The rate adaptation method is characterized in
that it comprises the steps of

30 _ buffering, in the data buffer, the frames <that
are received from the high capacity traffic channel

' section before they are transmitted to the low capacity
traffic channel section, ,
monitoring the filling level of the data buffer,
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transmtting party and the tel ecomuni cati on equi pnent of a receiving party
over a non-uni formnon- transparent traffic channel or set of traffic
channel s. 10 consisting of a traffic channel section of a higher
capacity and awosdfis channel section of a | ower capacity, theRbsoesss
adaptation equipnent is |located at an interface between the high capacity
and the | ow capacity traffic channel section and conprises 15 a
data buffer that buffers the frames that are received fromthe high
capacity traffic channel section before they ar@ transmtted to the | ow
capacity traffic channel section, data buffer control ~ arranged to
adj ust a 20 filling |evel igttemvendaga wuf the data traysnis sHrorenpagtbdel

frame-structured endpé@aés f;n@n%enéébﬁﬁuﬁ@éﬁmi 84 g £ 4. ablivating
necessary, data flow, cont &38 accor d| d data transm ssion pr ot oo 1‘

in the tel ecomuni cat?th | pn‘é‘?ﬁtr a°°°rdln‘éf Yhet P?arﬁ%ar’ﬁattitﬁ@nﬁai'-ﬂg‘/lon
said data 25  buffeprotardlk cit thei nganamithimg partypasen the fendihg- tével

protocol throggh thge Hﬁg‘Eat%dBP%féf(Hhcfaﬁgegnﬁgtthgtﬁrggﬁ th@%%héépaggfue,

ot herw se. The i nvention also re
for data 20 transm ssi o eRFSHIFEAGIatheafBE St f&%‘t’uﬁ@@ltm accendingt to
transm ssion  prototied dabst maﬁsmss:.orﬁebeeeﬂmml €At kA8 RUWeRHBRL of Otf_he

a transmtting he I QNI i,gati o nent of

receiving party via %Paxg lt}:rFJTngpn?an%t t‘r"%%lgpgﬁg r}?_ c{]ec‘fénn f d‘rhese‘?a‘b?
25 traffic channepeffemsdecrenrsed wot thef |S@09netnrt@lresbgldowadhea aridqyherie
capacity and aotraf figeohaiieel SECEhddHfa af 1 WEEHARACI Y nde Pr@%ﬂe%eca oy

ri zed i n that Eﬁg}gégéié?%%ptatkon nmet hod conprises the s

In the present invention, between the traffic

channel section of a higher capacity and the traffic

channel section of a lower capacity there is (e.g. in the

15 downlink direction from the mobile network towards an MS)

' a data buffer which provides the required rate adaptation
by storing data frames received from the high capacity

traffic channel section until they can be transmitted via

the low capacity traffic channel section. For example, in

20 association with the radio link protocol RLP, the most

simple approach would be to design the data buffer to be

able to store one RLP window of RLP frames received from

the high capacity traffic channel section. This approach

would be operative under certain circumstances, but it

25 involves several drawbacks. 1) The long buffering causes a

" delay that &results in the expiration of +the RLP

retransmission timer at the transmitting end unless the

" timer has been set to a sufficiently long value in the

_ negotiation at the beginning of the data session. 2) On

30 the other hand, if the timeout of the retransmission timer

has been negotiated to a value that is sufficiently long

in order .to prevent unnecessary retransmissions, the

actual error «correction, which ~is based on the

retransmission of the frames as the retransmission timer

35 expires, will be slower. It further slows down when the
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6 buf‘feri,ng, in a data buffer, the frames that are 30 received fromthe
hisgh capacity traffic channel section before they are transmtted to the

| ow capacity tg I’ hannel section, nonitoring a filling le h{g{g
data bpuffer, Wﬁe")@&? ng on the end-to-end data transm ssion g‘?]rm?%{o col
between the teleconmunication -equipnents and activating data flow
control according to the data transm ssion protocol in the direction of the

transmtting party when the filling level of the data buffer increases to a
first threshold val ue, deactivating the data fl ow control

according to the da\/\,%ensﬁ ﬂ%@%l Hﬁ%@t ??Qlwéi‘l tde 19ie ?9:5#199 ﬂ{aﬁ Have been

transmtting party eve the data buffer decreases to a
second t hreshol d vaF—Eénﬁiﬂ@tF% §€F| fhei SArst tHEedaBry RFiddntFrY i dnnghe
requested by 10 tbettsﬁgmngoxpaqhyuel matt heh@r g@snt spvaaamnon@pt WReBry

the traffic channel _sect C ratfi ha I
section of a | ower 88838?% f‘ﬁell" e aC@R_fhé aé‘e“%éafﬁoh %E 5'| re'ggh on
from the nobil% net tbeksabedl e eﬁYSVS)n-a 4datféebBFPbﬂ-e%|fé¢ﬁ%\HQ¥@§ viven a

required rate adapt ﬁEHﬁ”er’e Shld Rhapabe EsRHESt {6E s/ adel! Ofh iRk ase,
capacity traffic chan section Uﬂ,tl! t hey can be gransm ted via the | ow
2

capacity traffic chiRRefta¥8efRhf O¥y Efiarefnasp0onger 5&F Rndna
the radi o |link prot aonbeRLRetirhesmbssion nplisesppiugacte weidilc bennes ddsinger,

]Epgmdata buffer to Be aRkenlOost e MBS BAVCREANDE Rb& fRDIRLRIEY .
10 Over a multichannel connection, this problem may also
occur in the other direction (from the MS towards the
network) if the radio interface capacity of the multiple
channel connection is higher than the transmission channel
. capacity between a base station cr a land earth station
15 and the rest of the PLMN.
Therefore in the preferred embodiment of the

invention, the status of the aforementioned data buffer is
monitored and the data transmission protococl, e.g. the

radio link protocol that operates between the transmitting

- 20 party and the receiving party, is interrupted and RLP flow
control is activated towards the transmitting RLP party.

In other words, the data buffer is arranged to buffer data

~ that is received from the high capacity traffic channel
section and to transmit data- to the low capacity traffic

25 chahnel at the data rate supported by the latter one. In
~ the normal mode, the RLP frames are forwarded through the

data buffer without modification. If the data buffer fills

- up to a preset threshold value, the unit that controls the

data buffer, for example a base station or an LES of the

30 ' sateilité system, interrupts the radio 1link protocol
between the transmitting and the receiving party and
"initiates an RLP flow control mode. This is achieved by
transmitting a "receiver not ready (RNR)" radio link
protocol frame towards the transmitting party. The

35 transmitting party stops transmitting the RLP frames when



the high capacity traffic channel section. This approach woul d be operative
under certain circunstances, but it 25 I nvol ves several drawbacks. 1)
The long buffering causes a delay that results in the expiration of the RLP
retransm ssi onwowewnigsd the transmtting end unless the tiner pefgrRE6Isse et
to a sufficiently long value in the negotiation at the beginning of the

data session. 2) On 6a 30 the other hand, if the timeout of the
“retransm ssion tinmer has been negotiated to a value that is sufficiently
long in order to prevent unnecessary retransnis8ions, the actual error

correction, whi ch is_.based 0 the retransm ssion of the franes as
the retransnission t Ch8r £38W control made 1§ |aqiivg.-of&y such fycaser sicoweore
down when the. WO §raR239@re received at the data buffer but it can be

PCT/ FI 96/ 00654 7 rety Lkt r a ag.t f rames _t hat, have en
transmtted for the Fﬁ?ggbéiﬁgfﬁn%gggg i%ngégg ?X Rﬁg }gfrﬁﬁfﬁF§§Voﬁ§%$§&€
at the LES. 3) AdditFbaanekenor ytheymidiary hagds eyhpncthet fidve dyaderedt atdden is

or at an LES ofs5  acth@epainglliel 9edy Heally 4bRR§he PSR £MPoBSERTE W38 ned
when a high rate nul tichannel connection iS used. case, the

I n_sych
‘larger RLP wi ndow redGPPes e | FREEFVERT a BAF Yer C8ARCH ILi?fnggPrY'@F?iaﬁsrﬁ%sﬂibﬁ
timer (up to eight tktwesshbhying depdydi agnoa tihdnumbaldof caheemeltheVv e ow

the connection). 10 conti8i AolwltirRbanAet cBREEELLONg thdi §2PLOBLEFLTBY st

al so
convert the possible RR frames into RNR frames so that the

10 acknowledgment procedure of the RLP frames would not be
disturbed. The unit controlling the data buffer also
monitors the RLP frames, which are transmitted from the
receiving party to the transmitting party, in order to
follow the acknowledgment situation of the frames and to

15 detect whether the receiving party transmits an RNR frame
‘for some other reason. When the data buffer is emptied to

the lower threshold value, the unit controlling the data
buffer checks whether the'receiving party has transmitted
an RNR frame that it has not cancelled with a subsequent

20 RR frame. If such an RNR mode initiated by the receiving

- party is not active, the unit controlling the data buffer
again intervenes on the RLP protocol between the receiving
and the . transmitting party and transmits to the

. transmitting party an RR frame, i.e. it cancels the RLP

25 flow control mode. If the RNR mode that the receiving

' party has initiated is active, the unit controlling the

" data buffer does not interrupt the RLP protocol but it

prepares to let all the subsequent RR frames pass from the
receiving party to the transmitting party.

30 . The invention overcomes the problem of rate
adaptation in a non-uniform traffic channel where the
different sections of the connection have different data
transmission capacities and where an error correction
protocol 1is used throughout this non-uniform traffic

35 channel. The invention prevents the excessive accumulation



occur in the other direction (fromthe M5 towards the network) if the radio
I nterface capacity of the multiple channel connection is higher than the
transm gsi on channel capacity between a base station or a | an &%
station 15 WOHY22HE rest of the PLMN. Therefore in the pre&éﬁ?@; 0654
embodi nent of the invention, the status of the aforementioned data buffer
I's nonitored and the data transm ssion protocol, e.g. the radio |ink
protocol that operates between the transnitting920 party and the
receiving party, is interrupted and RLP flow control is activated towards

buffer data that |s thoata f¥ OIIMniEbe OIF h Safrie chinAeLaggesions
and to transnit dat Y oU$HRI| {gﬁiﬂﬁ %FPaF%1 bfémalntéﬁﬁﬁaeFaEPeFh@lﬁﬁfa
rat'e supported by t heoxbatézar bgrnmonibortneg ngdreredi Lindg, lehel I?IﬂDt:threatﬁaffalreand

f orwar ded t hrough th}g ﬁﬁ?#édir\%l \Sifh?%éugpg fi a:fllga éofntEQ?h baH-fnyﬁe

fills up to a preset controls
buffer, for exanple %F%Rﬁﬂiﬁﬁkﬂg &hder an LES of the 30 satelllte
system interrupts the ragi:qdef déscRiptienlobectheeirawiagkr ansnitting and

achi cved by Cransm tiing a * PobERSero hbt s FERky o PR avih Be, Bopgriped

frame towards the trhynsmeans ngfpareﬁerm gsbodimentmswith | refferance stopshe

transmtting the RLR;&EGRSRRN draw Y6eh 87/ 22 1@ich
PCT/FI96/0065388 the flow cont,rol e’]s aCtiﬁgﬁ I n,such a f%iustno nor e

frames are reédived at the dépéuﬁﬁff bt &t kpediagram rating a
: configuration accordlng to the GSM recommendations for

data transmission,
Figure 2 shows the structure of an RLP frame,
Figure 3 shows the format of a header in an RLP

15 frame,

Figure 4 is a block diagram illustrating how the
Inmarsat~P satellite system is connected as a base station
system to a GSM-based mobile systen,

Figure 5 is a functional block diagram

20 illustrating the buffer equipment according to the
invention, '

' Figure 6 is a flow chart illustrating the
bperation_of the buffer equipment of Figure 5.

Preferred embodiments of the invention _

25 ' The present invention can be apblied'fdr data
transmission through any traffic channel consisting of two
or more sections of different transmission rates. The
preferred embodiments of the invention will be described
by using as an example the interworking between a GSM-

30 based mobile system and the Inmarsat-P satellite system'
connected thereto as a "base station system”. However, the
invention is not to be restricted to these systems.

The structure and operation of the GQM mobile
system are well known to a person skilled in the art and

35 they are defined in the GSM specifications of the ETSI



enptied with a rate enabled by the | ow capacity traffic channel. On the
ot:her hand, when the flow control node is 5 active, "receiver ready
(RR)" franes possibly obtained fromthe receiving party cannot be forwarded
to the transmwgemgigearty since this would cancel the flow ceoairrdsoossde.
The unit controlling the data buffer nust convert the possible RR frames
into RNR franes so that the 10 acknow edgnent procedure of the RLP
frames woul d not be disturbed. The unit controlling the data buffer also
monitors the RLP franes, which are transmtteti0fromthe receiving party to
the transmtting party, in order to follow the acknow edgnent situation of
the frames and to 1Europedst ecflelgcomonninatierei vi fgapdands t r abnstitute) .

RNR frame for some paifeglentgases. WAL thRgdat etobufésyb ?ﬁ@l | b O b} 1e
u

| ower threshold value, the unit controll he dat he s, whet her
the receiving partf"l‘fg‘é‘mr‘fcﬁgéﬁi’ttﬂ@ﬂ RNﬁg?‘Van% h € %Jaah’cseq"’l”ed

with a subsequent Zrance,RR ¥9%ne. ISBNUEBHIVIARIrdde | rGSM—btaeddby nidieile
receiving pargy 'Sﬁfl_y%tteﬂ.%t me:ru%m)cwr?foocgﬁaa@mrt@o f@&;@%{;é&ﬁp%&

i ntervenes on the %ﬁo 0Cco réceivin ansmtting
party and transnithe USodigifea} caldmlies ng%mtEFSar{PRRSPPa#eCOmmrmqqtmn
cancels the RLP 25g stéd)QW control mbde. |If the RNR npde that the

receiving party has initiat H S ggﬁfv‘g%oﬁt n| %c%%@ﬁiﬁél [ ng, t he he, 1,9 taﬁ]SM

buffer does not interrupt the RLP reparés to Iet a

subsequent RR frarre@qwg@nﬂﬁéhpﬂﬁefP§céia\FPnd5WStsé°ﬂhést AdAsyatmateg in
party. 30 10 FigurBhe. TREEPasDE sOMEIIEDE the GBMORbEle Odystat &5

he connect i on have T aFeREoREE Lt TG b ChTEhsAe: FPERtATer B85 e
error correct i on proot@se statiomssustarhBSSghndta nefiwprhsubanstenmiss v fie ¢
BSS and the MSs communicate via radio connections. In the
BSS, each cell is serviced by a base station BTS ({(not
15 shown in the figure). A number of base stations are.
connected to a base station controller BSC (not shown in
Figure 1) the function of 'which is to control the radio
frequencies and channels used by the BTS. The BSSs are
_ connected to an MSC. Certain MSCs are connected to other
20 telecommunication networks, such as the public switched
telephone network PSTN and the ISDN. -

In the GSM system, a data connection is
established between a terminal adaptation function TAF of
an MS and an IWF in the mobile network (usually in the

25 MSC). In data transmission occurring in the GSM network,
this connection is a V.110 rate-adapted, UDI-coded digital
full-duplex connection that is adapted to V.24 interfaces.

" The V.110 connection described herein is a digital
transmission channel that was originally developed for

30 ISDN (Integrated Services Digital Network) technology,
that is adapted to the V.24 interface, and that also
'provides the possibility of transmitting V.24 statuses
(control signals). The CCITT recommendation for a V.110
rate-adapted connection is disclosed in the CCITT Blue

35 Book: V.110. The CCITT recommendation for a V.24 interface



35 . channel . The invention prevents the excessive accumul ation
W07/ 22196 PCT/ Fl 96/ 00654 9 of

data at the i“%ﬁ&%ﬁﬁﬁmPf the traffic channel sections by usingﬁgﬂ%kerin

whi ch, can be mal nfarned rather ninor, however, by nonitoring t p/pes

| evel of the buffer and by initiating, if required, a flow control node at
the 5 transmtting end. Brief description of the drawings In the
following, the invention will be described by ans of preferred

enbodi nents with reference to the acconpanyi ng draw ngs, in which 10

Figure 1 is a blogk ddsanssén i ltied CaUirMgBlaeCBO6k 9UF 31 OMPHRL Rl ifg ot @ -
the GSM recomendat i g'lr)]s fgr datg tran%rmnzq% on, %Laérgrztsho%/ﬁ thgI structbre
of an RLP frame, FighP® 398h3wstEHRtH of “NTEEFEr iR afPRLPMPS to - the
franme, Figure 4 is aabbvekentbapedn iG3MstValtihg davat heohnestsar - Pwhich is
satellite systemis S age ' : d

nobi | e system _Fi gur%geggﬂlﬁge&ao?e?u%cf’ ;ﬁgﬁgéi:gfblégé&g%%%‘ ?%%%Pﬁ& one or
illustrating the b8tYeFal drafficnehappeds diiffsSo TheeIVR\compuisestiaguate
6 is a flow chart iladapteti tigat hedayny aiHeoGSM .M b waftar coaneR¥8Bh b the

b asent i nvent i on cal- bo OEFHERR ot BE HEh or aneshgr ZabS, Aaerer
channel consisting ofepgprding on whether the connection is extended to the
PSTN or the ISDN. In the ISDN or the PSTN, a data

10 connection is established for example to another TE. The
V.24 interface between the MS and the TE is called here a
terminal interface. A corresponding terminal interface is
also located in the IWF as well as in the other TE in the
ISDN or the PSTN.

15 _ A GSM traffic channel supports data transmission
with the user rates of 2400, 4800, 7200 and 9600 bit/s. In
the future, high-speed data services (HSCSD = High speed
circuit switched data) employing two or more traffic

channels at the radio interface (multi-slot access) also
20 . support higher user rates (14400 bit/s, 19600 bit/s,...).
The traffic channel employs channel coding that aims at .
decreasing the effect of transmission errors. The channel
coding and the various overhead information increase the
bit -rate at the .radio interface higher than the actual
25 - user rate. The radio interface rates corresponding to the
user rates of 2400, 4800 and 9600 bit/s are 3600, 6000 and
12000 bit/s.
_ - Non~transparent data services also employ a radio
link protocol RLP between an MS and an IWF. The IWF is
30 typically situated at the MSC. The RLP is a frame-
structured balanced (HDLC~type) data transmission protocol
that is described in the GSM recommendation 04.22. More
precisely, data is transmitted between the TAF and the IWF
in the RLP frames of Figure 2. Figure 3 shows the format
35 of the header field. The parameters of the header are



or nore sections of different transm ssion rates. The preferred enbodi nents
of - the invention will be described by using as an exanpl e the interworking
bet ween a GSM 30 based nobile systemand the Inmarsat-P satellite
system connect aglobfe11gé 0 as a "base station systen. However, poEriobRE i On
Is not to be restricted to these 'systens. The structure and operation of
the GSM nobile systemare well known to a person skilled in the art and 35
they are defined in the GSM specifications of the ETSI WO 97/ 22196

PCT/ FI 96/ 00654 10 ( Eur opean Tel econmuni cati o2 St andar ds Institute).
Reference is also made to GSM System for Mbile Communication by -
M Muly and M gfagcéosed PhhatkeaGSM Frecomnendatd@n 04.22., The RLP frame

| SBN: 2- 9507190- 0- 7) . 155GgMehaaqd 1eﬂ?9h| 8£520 bitESkAEE l:egkg% ggflgggﬂeader

D gital Comruni catiqn ste and tthe US digital . cell
EPe?sonaI Communi cat g&ﬁ%}g??ﬁ?£% mf&ﬁ‘f’laitgﬁf‘atfﬁﬁﬁd l(l%(g%d?‘d:isﬂg and; g frame
GSM r ecommendat i ons thecklasaghenocsni{BSEpbn (B3 bliks3tr FhederbotOcorreEt§bhein
1. The basi t t I | [ Sns ' ' T

e basic stguctupgqaohrp Egsa‘ﬁﬁs'g':e@gtigaghéyﬁ&gdsﬁu%@i% %@ﬁgﬁ%&i c#et:tr\li\:gﬁﬁd

GSM structure conprises two part: e station System I a |
subsystem NSS. The BS8 5h8 treffiss channedi.c Fegueshed by cchomessdving. peaty.

tﬂe BfS.S, each cell nLQhéQéfibﬁé?dtﬁé arhaspigtad _CR!n.PBESa&r@@Ej ak? stbor?é?p\/\ihi Bhe
cont ol [r BSC (not - SBRARHPERTG T B e TUACKROH PoTHILIS Soe5 18 FoPn
the radi o frequenci eshandredrintigics andd LEf t fheBTEramimitRdsg aemd does not
10 receive an acknowledgment or receives a negative
acknowledgment, the transmitting ' end repeats the
transmission a predetermined number of times. The number

of retransmissions is restricted by a parameter N2 so that
endless transmission loops due to a very poor connection

15 are avoided. The transmission of the RLP frame is repeated
when a prese£ time T1 has elapsed since the preceding
transmission. In order to decrease the amount of buffering
required in the transmitting end, a sliding window is used

for - acknowledgment. This means ‘that the transmitting party

20 may transmit several frames before an acknowledgment is
required from the receiver. The RLP window therefore
represents a sliding group of frames that have already

been transmitted but that have not been acknowledged. The

size of the window (the number of frames) is determined by

25 a parameter W. The RLP parties negotiate the values of the
parameters N2, Tl and WS at the beginning of the session.

The RLP__prbtocol- also comprises flow control

 which is used to ‘adjust the filling 1level of the
transmission and reception buffers in the TAF and the IWF.

30 This flow control is described for example in the GSM
recommendation 07.02. The receiving RLP party (TAF oxr IWF)
immediately transmits a "flow control active" indication

s
e

to the transmitting party (IWF or TAF) if the reception
buffer from the radio path reaches a predetermined
35 threshold value, or if the TE has initiated local flow



connected to an MSC. Certain MSCs are connected to other 20

t el ecommuni cati on networks, such as the public swtched tel ephone net wor k
PSTN and.the ISDN. In the GSM system a data connection

establi shed beREP2I: er i nal adapt ation function TAF of an MFH‘W“V\F

in the nobile network (usually in the 25 M5C). In data transm ssion
occurring in the GSM network, thi's connection is a V.110 rate-adapt ed,
UDI - coded digital full-duplex connection that i,s adapted to V.24

interfaces. The V. 110 connection described heréin is a digital transm ssion

channel that was Ori&hﬂ?%dly aq:e‘(:‘?ﬂeoﬂ‘égmiﬂél?’gnterfgg\' I(n 3&1@95.§E?dc§gév' tgﬁgn

Digital Network) technology, that is _adapted to

that al so provides tHe poREi EPFEEVESS FP’&nézﬁ’iet ttierﬁ“l‘&‘aﬂ intenfess (@’Gﬂrﬁ r §low
signal s). The CCl TT deamsEnildicitiow, aitV. idfermipadap ega€onBeshsRiss Son

di scl osed in the COILBlYe 38 0o0iBO0Kieded Wo dI° <PnThat *SQITRAEL e

for.a V.24 interface
PCT/ FI 96/ 00654511, ithali beffeeddimsabhed Copde RinetiByokocal 2£lowheciAirol is

adapts the data ter ralria&lnﬂieeqnnemeed FKF AN N&é&é&l&saf%remﬁﬂd@”eéon@éﬂ
V.110 data connectlon st abl shedggv IySICGJ connect1 on

ich
utilizing one or (?ralmg?“é?ﬁ'%nt CrepsmLsdE ofo fpmskie
a rate adapter that rEdyts ooh uESdry. nﬂOrdacfalmmctTm toandmi dtihyg party

interface, and a dataacﬂmecr@sortﬁélotmealraﬁeo@desﬁﬁoﬁeﬁaﬂga?gbgp%m#%%ﬂthe

the connection_ is extended to the ng or

PSTN, a data 38 CRITRSSIAN sPetten| ineacheror 2 exlifslet ermingdt hehrashold

The value or when receives a "flow control active"
indication from the receiving party. When the buffer
disabled mode is terminated or when the "flow control
inactive™ indication is received, the IWF/TAF removes the

15 local flow control. The transmission buffer buffers the
data received from the V.24 interface in such a way that
data is not lost if the MS is not able to transmit data
immediately over the radio path. The reception buffer
buffers the data that is transmitted to the V.24 interface

20 in such a way that the data received from the traffic

- channel is not lost if it cannot be immediately forwarded
via the V.24 interface, for example to ffhe_ TE. The
aforementioned predetermined threshold value that
activates the flow control is for example a transm1351on

25 or a reception buffer that is half full.

The "flow control active" indication is an RLP
frame that comprises in the header field "RNR (receiver
not ready}" codihg, i.e. --bits -8182=10.. This frame is
called an RNR frame. The "flow control inactive"”

30 indication is an RLP frame comprising in the header field
"RR (receiver ready)" coding,. i.e. bits S182=00. This
frame is called an RR frame.

_ In Figure 4, the Inmarsat-P satellite eystem is
connected as a base station system to a GSM-based mobile

35 system. In the Inmarsat satellite system, radio coverage



V.24 interface between the M5 and the TE is called here a terminal

i nterface. A corresponding termnal interface is also located in the | W as
well as in the other TE in the | SDN or the PSTN. 15 A GSM
traffic channelwosppeet s data transm ssion with the user ratepceirotiida )
4800, 7200 and 9600 bit/s. In the future, high-speed data services (HSCSD =
H gh speed circuit swtched data) enploying two or nore traffic channels at
the radio interface (nulti-slot access) also 20 support hi gher user
rates (14400 bit/s, 19600 bit/s,...). The traftdc channel enpl oys channel
codi ng that ains at decreasing the effect of transm ssion errors. The
channel coding and tif obirilvgd by esdtedd iiteBoinatead ohdasasetahionstlocked

at the radio unterfaﬁ;e&wrwoanaantheesaemuaé beind!S6H SR Srnifnee LA thg
interface rates cor&%aﬁggendl gt he useﬁtrat es and

bit/s are 3600, 600 ansmb f‘?ﬁnEﬁg?‘%n?l%ﬂiﬁJaF 1i}‘l‘?(?é’s D'é‘:l_sso(m-'
enpl oy a radio |ink ysest otnjtmﬂalsbdi‘EAeeanchan an@hanbek. ofhetHeV\FsétSeBﬁte
typically sityated ging theMplragd Ngr &P i, é faha%éfi”e oEtEH% % ?‘lh

bal anced (HDLC-type) da ta transm ssi on. pr.ot.ocol IS descri
GSM r ecomendat i on @@V?Eagl%raéeﬁﬁe&%e’r%ﬂ viguali satedddiest é&eb@mﬁ@@me@hé‘-o
TAF and the W in tﬂtﬁmRLEbrfﬁl&ftib%SOfcdae@'HQG 30 HHY a3 Bhove hLike afl(lr ime35

of the header fiel d r S th 97/2
PCT/ FI 96/ 00654 12 di e %seé&g in %’EF’ kf’r eg?)lr?ng*r%%%t ?%‘ﬁeaorybﬁ trr

has a fixed | ength &R@tEdljites That nephersef Sheaspeglbites reqm-red depends
10 on the desired coverage. Continuous coverage on the

surface of the earth might require' for example 10

satellites. Figure 4 shows, for the sake of clarity, only

one LES, one satellite SAT and one MS. The LES is

connected to the MSC of the GSM network in the same way as

= 15 the BSS in Figure 1. Also the GSM protocols between the

o 'MSC and the LES are the same as between the MSC and the

BSS in Figure 1 (GSM V.110). The terminal interface is

also the same as in Figure 1. The difference is that in

Figure 4 the GSM V.110 connection is not used ovex the

20 entire connection between the MSC and the MS but the radio

| interface between the LES and the MS uses the Inmarsat
protocols and traffic channels. _

A radio interface consists of a bidirectional

satellite radio connection between an MS and an LES. The

25 exact structure or operation of the units SAT, LES and MS

in the satellite system or the accurate specifications of

the radic interface are not relevant to the present

invention. The invention does not require changes in the

actual satellite system the details of which can be

30 obtained from the Inmarsat specifications. The only

feature essential to the invention is the capacity of the

' traffic channel formed over the radio interface. ,In other

words, in the Inmarsat-P system the maximum data rate of a

traffic channel is 4800 bit/s, whereas in the GSM network

35 section the maximum data rate of the traffic channel is



(16 bits) and an information field (200 bits) and a franme check sequence
(FCS) (24 bits). The error correction in 5 the RLP i s based on the
retransmi ssion of frames corrupted on the traffic channel, requested by the
recei ving partYO9%Hd%%fore the transnmitted RLP frames are stoggﬁmvmmq
transmtting end until an acknow edgnent is received fromthe receiving
end. If the transmtting end does not 10 receive an acknow edgnent

or receives a negative acknow edgnent, t transmtting end
repeats the transmi ssion a predeterm ned nuriber of tines. The nunber of.

retransi ssions is §86861 §iaYsy AR CEnbl aIblendN £2Bic  chonnel

transm ssion | oops due to a ver oor .connection 15 are avol Q
transm ssion of theb?EFe??aﬁéeifA epBdt EewWilE dspdsunifagmTyhpgh epussad
si nce- t he precedi ngthe adgtsevessiestribadopdeblém, decr.cahe dbeumikatioriof data
buffering required LQ {Qg ﬁé%nsm' tting end, a sliding window is used for

S

acknow edgnent. Thi S™n€an ‘at the transmtting party 20 may transmt

several frame$ before an acikh@imddgmenroblemdqeay rrd¢of PEARE higr ddwiny sy sthe
RLP wi ndow t her ef or gné£@r agRNt 8raffid dichdntedyp e f M3RRENLBSEmhave &l r eady

been transmtted but_tpat have not been_acknow, edged.. The size of the .
wi ndow (the nunber BFaEE%ﬁTESS\i’ﬁ@e té’taﬁiaﬁégybyJ“ﬁS glffeef%’:}r aﬁgi erbg Fadio
RLP parties negoti aietehfacalthan dh the ptheneparss N the aedwdBkat t he
begi nni ng of the session. TR Dreyoriing! S0c6AHHd 568 {AOWAOBEEPbn b

which is used to adjust, the filling |level, of the transm ssion_an

X reception
buffers in tHd TAF BRAVIHENG i PRBFOTK utly (YRR 3t #BI LFS EﬁsérﬁaéﬁlgéFe
exanpl e in the GSM sgsbemesdasi BNS03£03. ribeéor eystempgwiRiEh post ¥itdAEe8T at

e Techal oY PRGTbS 2 gabb el Wl St LS 48 Uiy
reaches a predetern?ﬁ@ﬂCitiesl with a data buffer that provides the reguired
rate adaptation. The degree of use of the data buffer is
15 monitored and adjusted by utilizing the end-to-end RLP
protocol that operates between the transmitting and the
receiving party. This is performed by activating the RLP
data flow control in the direction of the transmitting RLP
party by means of RNR frames when the buffer is full and
20 by deleting the data flow control activation by means of
RR frames when the buffer is empty. It should be noted
that the present invention does not require any changes in
either RLP unit, such as an IWF and a TAF. The exact
implementation of the units is therefore not essential to
- 25 the invention and will not be described in greater detail
in the present application. Instead, the present invention
utilizes the existing feature of the RLP protocol, i.e.
data flow control. The data flow control according to the
invention is based entirely on a new type of use of RR and
30 RNR frames. The transmitting and the receiving RLP unit
are not aware of the interruption of the end-to-end
"protocol and the use of the frames on the traffic channel.
Instead, they assume that they ihterchangé' frames
according to the protocol directly between them. Therefore
35 it is only necessary to describe the operation according



35 threshold value, or if the TE has initiated |ocal flow WO

97/ 22196 PCT/ FI 96/ 00654 13 control

at the terminal interface. In the |ast case, when the TAF receives fromthe
term nal interwamestioss flow control indication, it interrupt ecir/ipoeodsa
transm ssion fromthe reception buffer to the termnal interface. Wen 5

t he buffer disabled nDde or the local flow control is elimnated, the

TAF/ IW transmits a "flow control inactive" _indication. A so, the data
transm ssion fromthe receptlon buf f er |s reac%ﬁvated The transmtting

party activates the Io f.l ow control t he ) ,
transmission bufferl® ggﬁbﬁggen lﬁ?éﬂiﬁﬁﬁ %?ngghBFgWQE% Uity sityased
it receives a "fb@ﬂweemnthelpaattesein|nddeattonuhdenstindrandﬂimpmbment

party. \Wen the buf i 3RLed; FPde-iSn term nated or when the "flow
control inactive" |n gjr%o% ?slreéci@l:ved t he | W/ TAF renoves the 15

| ocal flow control. The tranEaduseon BdALSELBEEs o ther Hondgmgntasirne @ ff ride
the V.24 interface ijhventhion weyahhagsdafaai Saﬂellioétsyétéﬂle Myire ®lonly

buf fers the data tnaPae tiime SpYpERSiat  BL6GRs ] ey qrl Cel BERPLAL T ed sl
way that the data rdewiengdonrorfin hEigweg f be the @mklmmtimt isf the
cannot be i medi at elopf@miasded wh%ecEBSanzém hﬁ@ﬂﬂwﬁxao Eﬁ% @A%”Bh% thQ
the TE. The aforenent.i neg gre det er n1Q§ hr es O|%l val ue
activates the fIOM/éﬁﬁﬁP% STPOY tr%FEﬁﬁ%ﬁﬁ() 3gctiong, %Pe LES
reception bufi@r thatompxilsalsf af deka EhéfétI6M/tb@trnécemnesuﬂLHrﬁhamHs(ﬁroms
an RLP the IWF via a GSM traffic channel having the rate of 12000
bit/s. The data buffer 51 buffers the received RLP frames
in order to transmit them to the TAF via an Inmarsat-P
traffic channel at the rate of 4800 bit/s. The LES also
- 15 comprises data buffer mode control that adjusts the
' filling level of the data buffer 51 in the manner
according to the invention. The LES also comprises a unit
53 for monitoring and proéessing the frames, the unit
receiving the uplink RLP frames- from the TAF at the rate
20 of 4800 bit/s. The unit 53 forwards the information about
"~ the frame type to the control unit 52 and transmits the
frames to the IWF at the rate of 12000 bit/s either as
such or in a modified form, as will be described in

i

42

o greater detail below.
25 ~ The operation of the equipment of Figure 5 will
' be described below with reference to Figure 6. Figure 6 is
a flow chart illustrating the operation of the unit 52 in

“"the mode control of the data buffer 51.

Assume first that the data buffer 51 is given a
. 30 higher threshold value THRESH1 and a lowq# threshold value
= THRESH2 that describe the filling level of the data
" buffer. Each threshold value corresponds to a preset
number of RLP frames in the data buffer, for example.
Assume also. that the data buffer 51 is in the normal
35 operating mode. In other words, the filling level of the



frarré that conprises in the header field "RNR (receiver not ready) " codi ng,
| -e. bits S1S2=10.. This frane is called an RNR franme. The "flow

control  inactjive" 30 indication is an RLP frame conprising_in the
header field "WQ%®M¥eiver ready)” coding,. i.e. bits S152=00CTFHYW654 ane
is called an RR frane. In Figure 4, the Inmarsat-P satellite systemis
connected as a base station systemto a GSM based nobile 35 system In

the Inmarsat satellite system radi o coverage 7 WO 97/ 22196

PCT/ FI 96/ 00654 14 is obtained by satellites i ndfead of base stations

| ocated on the groun I J t g [ | in h art
and transmtting rad;lﬁi%tés!}g%)gfés;e&é mb%}r#%gs%P%r%sggergﬁtge?%ﬁ%%ﬁ%' U%‘&aglagL% a
The beam of the sat eflo¥ cantrol pgepsdingoberif dvention ds potepctive. t-he

Cont i NUOUS Gover age 2ot hat. A s e o) &Pl e L neat ol wh s by o Pheunlt 52
i nuou v _ i | i )

coverage area of at ‘F%‘é’stt"’i%g: t%%"i"%eﬁ’?hgtrﬁﬁ‘ﬁﬁe}-‘ggg ?ﬁ%%&FeFF?P%RS to
required depends 10 the QJWF.tMoreleparédcutavkyagdhe Conameumonitomieagend
on the surface of tfe SdihgTll UIddE (Hani8MBUGLLE SBLELLL! CRaprures

Figure 4 shows, for e sake of clarity, only one , . Qne s

SAT and one M. THRe fraje, reasisnddiceFrage: RYTRBRE 8pd: Rervarfncther krame
the sane way as 15 numidre t3SShencbngrol dni#dl 3D, tTe CoMtrbet aadtSshetreess

(CM V. 110) . The torfy naFEs peBBFyCIndC Widhy Molldnitiiel) Gatng Ak o
difference i slPhat ithis manner, the control unit 52 is able to monitor the
acknowledgment situation of the frames.

The control unit 52 also monitors the filling
level of the data buffer 51 (steps 63 and 64). If the
filling level of the buffer has not reached the higher

15 threshold value THRESH1, the process moves from step 64
back to step 62. If the data buffer 51 has filled up to
the threshold wvalue THRESHl, the control unit 52
intervenes on the RLP protocol between the TAF and the IWF

and activates data flow control in the IWF. This takes

20 place in such a way'that the control unit 52 commands the
frame monitoring and processing unit 53 to transmit an RNR
frame comprising the latest acknowledged frame number to
the IWF. When the IWF receives the RNR frame it stops

_ ' transmitting data frames in the downlink direction to the

25 data buffer 51 and activates the local data flow control

. according to the GSM recommendation 07.02. However, the
data buffer 51 continues transmitting the RLP frames in
the downlink direction to the TAF, which results in the
data buffer .being gradually emptied. .The TAF

30 simultaneously continues transmitting the RLP frames in
the uplink direction according to the RLP protocol. 1In

" order to avoid error situations, the control unit 52 must
monitor whether the uplink frames comprise RR or RNR
frames. For this purpcse, the frame monitoring and



Figure 4 the GSM V. 110 connection is not used over the 20 entire
connection between the MSC and the MS but the radio interface between the,
LES and the MS uses the Inmarsat protocols and traffic channels. Aradio
interface conswaieymissa bidirectional satellite radi o connect ipgR/FissoeaN an
M5 and an LES. The 25 exact structure or operation of the units SAT,
LES and M5 in the satellite systemor the accurate specifications of the
radio interface are not relevant to the present invention. The invention
does not require changes in the actual satellif8 systemthe details of

whi ch can be 30 obtained from the |Inmarsat: specifications. The
only feature essentirfoqessing iwnddnt Pdnbpéfene eaphciupy)iok thramer afrftiid the

channel fornmed over ddiaradi@iitnEer hagCani ly e And\QYods: bu hb&ifig@rsal-P
system t he maxi num dat a rate&%f %?trafflc I%an eI dN[sy48(:)L t/sl v@eerégs i n

the GSM network 35 sect i Shoh de%eqhi ttk}%ff
S WD 97/ 22196 frame is an RR frame (step 66) ’ 1t conveR®E Ehe6foans 4irdto

12000 bit/s. Theref ﬁ% f Aoadnel e e
the W is I’IOI’IHUI’II f%ﬁﬁ cgfjgsggghgﬁgb%%‘g descri l;:eh%etRm Fé%? (;l,'&_:paﬁ@)
accumul ati on of dat & B P’F\@‘E‘S of this conversigpgpj; | QP prapee gy 1A s

occur in other systesmewdity ¢hehBRt feiries frvanedininaeingrtheiloeam dhts. f1die

i oyannel papagdivedss 41 LRECHra nddifd AL WAL BRERLLNED W NSec

ot her parts of the ne I's "over conme accordin
10 provi di ng a rRERtbred t?r“ftflcé-ﬁéﬁlxs %GLIES’QﬁdUeF%éE@GDI pues on to step

10 71.
If the result of the analysis in step 66 was that
the uplink frame .is not an RR frame, the control unit 52
analyzes in step 69 whether .it is an RNR frame. If the
frame is an RNR frame, an RNR flag, which is maintained by
15 the control unit 52 in its memory, is set (step 70). The
RNR flag indicates that the TAF itself has transmitted the
RNR frame in order to activate the local flow control in
the IWF. The RNR frame is set until the next RR frame
resets it in step 68. S
20 ‘The process proceeds from step 70 to step 71.
Step 69 is also followed directly by step 71 if the uplink
frame is not an RNR frame. In step 71, the frame number in

the memory of the control unit 52 is updated and the

uplink frame is forwarded to the IWF. o
25 In step 72, the control unit 52 checks whether

the filling level of the data buffer 51 has decreased to

the lower threshold value THRESH2. If it has not, the

process returns to step 66. If it has, it is checked in" " -~

step 73 whether the RNR flag has been set. If it has not

30 been, an RR frame provided with the latest acknowledged
frame number is transmitted to the IWF (step 74). This
terminates the local data flow control that was activated
by the control unit 52 in order to empty the data buffer
51. The process then returns to step 62.



systemor a BTS of a radio system which is situated at the interface of
traffic channel sections of different capacities, with a data buffer that
provi des the reguired rate adaptation. The degree of use of tr}’%’g“%@?@%ffer
is 15 moni t FEEW22E adj usted by utilizing the end-to-end RL |

t hat operates between the transmtting and the receiving party. This is
performed by activating the RLP data flow control in the direction of the
transmtting RLP party by neans of RNR franes yhgen the buffer is full and
20 by deleting the data flow control activation by neans of RR frames

when the buffer is enpty. |t 1ghqul dsbeidteiceed ial dthp mesanlt IWHEHNPF1ag
does not require any Fa

changes ipn ejther, RLP uni suc n_| and a, TAF.
The exact inpl ement ana}sb%e BREr uhy ARdIEATRS tFBFe&?ﬁ)tﬁ%sg@ﬁt \P/EPOt%C@S"ated
t he-i nventi on and witiHe nbbcdk dasar ifled igorgmedt ein dthai IWEFN tTherzfesentthe
application. Instea t 44 | loh bZ €5 t L Sthbng f r
of the RLP protocol cbﬁg%%sgéntggg%%%vf%%]&t# ﬁo“ﬁ'hlgbga?% t?t?a‘()s\?\‘i)é" otr??r'(gj ERLt e
according to the i nAaha oflew ©REEFoNtET eFhe odWE RARTIMESOf uREhl ot hRR TAR

30 RNR franes. Hwadsmfenaht RROffdfle I he receiving RLP unit are not
aware of the interruption of .the, -1 0- p c the, use of the, .
frames on the traffic channe#lel Jr.g?%%%:;or?t gg’ybgégs%r%%eg abpﬁgyapp.{:.ed n
i nterchange franes thscslatinddgnkodinechion ocinrufispendipghranecadapration may
Therefore 35 it 1Py REEQE&ALY: lthdlessiime HDLeOPLSA QR ASGRLIENY n
WO 97/ 22196 RCT/ F1 96/ 00654 16°to the

i nvention cartPed offCRPEALINHILY KHEAPt SETTESEE0 J&t vBAT t Re TRTR4 edti S

order to understand poabiblel éoeallocate at the radio interface such a number

of traffic channels that their total data rate is higher

than the maximum data rate of 12000 bit/s for one GSM

traffic channel. The traffic channels of the radio

15 -~ interface thus form the aforementioned traffic channel

| section of a higher capacity and the GSM traffic channel

forms the traffic channel section of a lower capacity. The

‘result is that the uplink RLP frames accumulate at the

LES. This problem is eliminated in the same manner as

20 deécribed.above in the downlink direction. In this case,

the local data flow control is activated in the TAF and

the frames transmitted by the IWF are monitored and

processed.

In general, the figures and the description

25 related thereto are -only intended to illustrate the

present invention. The details of the invention may vary
within the scope and spirit of the appended claims.



the present invention. Figure 5 illustrates the inplenentation of the 5
I nvention at an LES of a satellite system Figure 5 only shows the
functional blocks that are essential to the invention. In Figure 5, the
downl i nk di r ecWa9ep/a2¢96t he transm ssion direction fromthe | W gcrntibeooddr

and the uplink direction is the opposite direction. The LES 10
conprises a data buffer 51 that receives RLP frames fromth JMHHllﬂlmfmgr
traffic channel having the rate of 12000 bit/s._ The data buf I I"l

the received RLP franes in order to transmt t to the TAF vid at "
Inmarsat-P traffic channel at the rate of 4800 bit/s. The LES also 15
conprises data buffer node control that adjusts the filling |evel of

the data buffer 51 in the manner accordi ng t&kaiams nvention. The LES al so
conprises a unit 53 for nonitoring and processing the franmes, the unit
receiving the uplink RLP frangs frogmthe TAE at the rate 20 of 4800
bit/s. The unit 53 forwards the i nf&tati oA98BBEEIPhe f ragRiPmERE t o tlne a
control unit 53 and telecommumidetifomeystén fde dabh ﬁtaﬁhﬁléﬁ&@n

bi 1 either as sucheflnd 0 Bdd P hatd Biarsattllobs, desery 3&,&, . ;ge,tggg

detail bel ow. 25 &ration or e edqui
will be described betb® \/\F?ﬁeia@f“é‘l%*ﬂﬁat%@ Fi UHPmentr| gﬁjfﬁ@' 6 IBAR) flofv the

chart illustrating tﬂﬁal@ﬂﬁﬁir@ﬂ phrtie anal ttx'é@ talébsnﬁaﬂfcé@f&{ OlquEpﬁQﬁt
data buffer 51. AssurT,gA%_{é%ﬂ he data. huf f er %1 i s _given

hi gher threshol d val & 1 %hd l?;telxc'ﬁ\% PG K& \Y&Iaué ?HRESPEfPﬁI&t non-
describe the fi0 | i ngtfanspargnt hbraffic bahdmmel Each selr esthot tdaffd tlechannels

corresponds to a preghs{wtiiey of RiP drame 'Qhéﬁ}?eijats%clwg{neroff%r higher

exanpl e. Assune alsothat thed abuffer 1 is 1n the nornma .
dl apacity c{ aff:5.c channel section of a lower

capacity, c h a racterized in that the rate
adaptation equipment is located at an interface between
15 the high capacity and the low capacity traffic channel

i

H

section and comprlses
a data buffer (51) that buffers the frames that
are received from the high capacity traffic channel
section before they are transmitted to the low capacity'.
20 traffic channel section,
data buffer control (52,53) arranged to adjust
the filling level of the data buffer (51) by activating,
if necessary, data £flow control'according to said data
‘transmission protocol in the telecommunication equipment
25 (IWF, TAF) of the transmitting party.
2. Rate adaptation equipment according to claim
l, characterized in that
the frame~structured data transmission protocol
comprises data flow control that is activated in the
30 telecommunication equipment (IWF, TAF) of the transmitting

it

party in response to a first frame type transmitted by the
receiving telecommunication equipment (TAF, IWF), and it
is termlnated in response to receiving a second frame
type,
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35 operating node. In other words, the filling |l evel of the WO

97/ 22196 - . PCT/ FI 96/ 00654 17 data
buffer is between THRESHL and THRESH2, and the data flom/control accordi ng
to the inventi WOY82W6t active. Wth reference to Fi gure 6,

unit ‘52 nonitors the uplink RLP franes that the TAF transmt ——
IWF. More particularly, the frame nonitoring and proceSSiEM’ﬁI"HH“NﬁH“I
exanpl e buffer storage, captures the frame, reggs the frane ) s
forwards. the frame nunber to the control unit 52. The control unit 52

stores in its nmenory the Iat enb atddowbadged fdargroluniep) |ix 1@rrangkhi Sto
manner, the control uni S|tu ti.on

: . t th k
of the franes. The ﬁth %g‘)gflarll% n| O:;r tlfeh aftgf)yf‘lﬁgg \9%}}) D¢ Hehe
dat.a buffer 51 (steps:ldiibwé.ndgﬁéyxt framée thatlhgel tecéiving hepabty f eramsmits

not reached the hi glq:eorttég gfan%l?igﬁﬂp%cah %e THRESH1, the process noves

fromstep 64 back to s fffer 51 has filled up to the
t hreshol d val %ie THRESHl the dah# r BRELER; tcomFqlnt 4P9bnes oArraRIRAP to

protocol between théntérvend bhe shi\b atadaactranameSsﬂam apf:bwwprﬁéﬂbeérn the
| WF. This takes 20

I |, it 52
commands the frane %ﬁ%ﬁ% mﬁni9a§f§$0§ ng un|%9§3 %%%¥ te %ﬁ%q@é?cal
frame conprising thaata e%ltowammoédgléﬁ ﬁh%nﬁehmmum@atm@m wquiwmntt haef

| WF recei ves the RNRHe af@ar dmititang t;s 1y i agaﬂamatémgre%hén fihet frame
downl i nk di reﬁl on to the 25 % g 5: g g actlvatgs he | ocal
data flow contPol ade®edivhg™ Shend> Npge Sﬁﬁgnﬁ t FBR 8atabuifse thcreases
to the first threshold value (THRESH1l},
the data buffer control (52} is arranged to
convert the acknowledgment frames of the second frame

_ type., transmitted by the receiving party, into
i5 acknowledgement frames of the first frame type before they
| ére forwarded to the transmitting party when said local
.flow control is active,
the data buffer control is arranged to eliminate
said activation of data flow control by transmitting a
20 frame of the second frame type when thé_filling level of
the data buffer decreases to the second threshold value.
3. Rate‘adagtation equipment according to claim
2, characterdized in that
‘the data buffer control is arranged to register
25 the latest "frame number that the receiving party has
acknowledged with an acknowledgement frame,
the data buffer control is arranged to insert the
reglstered latest .acknowledgement number into the
transmitted frames in order to activate or eliminate the
30 data flow control. _
4. Rate adaptation equipment according to claim 2
or 3, characterized in that
the data buffer control is arranged not to
eliminate the activation of the data flow control even
35 though the filling level of the data buffer decreases to
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data buffer 51 continues transmitting the RLP franmes in the downlink
direction to the TAF, which results in the data buf fer bei ng

gradual | y enpti ed. The TAF .30 si mul t aneously conti nues
transmtting tRkeos§Ridsr anes in the uplink direction accordi ng geerpibiookisP
protocol. In order to avoid error situations, the control unitT 52 must

nmoni tor whether the uplink franmes conprise RR or RNR franes.

pur pose, the frame nonitoring and WD 97/ 22196 ”mlll mm ﬂl" "Il'" Illl
PCT/ F196/ 00654 18 processing unit 53 buffers e&@h uplink fram® uhtit thes *
control unit 52 has anal yzed and possibly nodified it. If the control unit

52 detects that the 24 nkegongrethzeshoRR Yakiny (Lf ehheoreceivinmypatsy t has

frame into 5 an ﬂﬁéﬂiﬁd’ﬁ%d ,SdeRi84) tﬁéld:ia{t%SQll&wt BentPR faléslﬁv(a':‘tfe‘apb§8ihe
The purpose of this onv n of %he fra reve the RR

franes fromelim nat 5C§P APA f? Prfofﬁ'thf FRE SRensefyPe vhich
data buffer 51 has mim Bnpt ieers ud¢knowkadged The pesnedwfe 4 h€rameves Obthe
to step 10 s71. |{eddify rESild elhe analysis in step 66 was that the
uplink frame is not an RR frane, e “control unit 52 analyzes in step 69
whether it is an RNR frane. 1% tBASq radaPtakign RARLPMERE, AGEOFRING | by, claim
which is maintained by 1% h a ﬁ:ha coateoi rdte @2 in iilnS NERBEY, the Seiele-

(step 70). The RNR flag, %h tré?f%éfsé;sgl fnogff?hrgg wﬁ%ﬁ% %Rﬁe?a

RNR franme in order to ac |va w control Tnh
frame is set until t*ﬁd%ﬂnwfﬁ%ﬁOF@%t%}f@ jafsdldFecgystem, and that

10 the satellite system comprises at least one land
earth station (LES) connected as a base station éystem
(BSS) to a mobile services switching centre (MSC) of the
mobile network in such a way that a traffic channel of the
mobile petwork, providing said high capacity traffic

15 channel section, is used between the land earth station
(LES) and the mobile services switching centre (MSC),

the radio interface is provided between the land

earth statlon {LES) and a mobile station (MS) through a

satellite repeater (SAT), said radio interface employing

20 the traffic channel of the satellite system which provides

AN

said low capacity traffic channel section,

the rate adaptation equipment is located at the - -

land earth station of the satellite system.

6. Rate adaptation equipment according to'éléiﬁ-“::;

25 1, characterized in that the tele-
communication system comprises a mobile network having a
radio interface provided by a satellite system, and that

the satellite system comprises at least one land = -

earth station (LES) connected as a base station system
= 30 (BSS) to a mobile services switching centre (MSC) of the
. mobile network in such a way that a traffic channel or a
set of traffic channels of the mobile network, providing
said low capacity traffic channel section, is employed
between the land earth station (LES} and the mobile

35 services switching centre (MSC),
This Sheet Has Been Re; TH‘S SHEET HAS BEEN
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20 ' The procesé proceeds fromstep 70 to step 71. Step 69 is
al-so followed directly by step 71 if the uplink frame is not an RNR frane.
In step 71, the franme nunber in the nmenory of the control unit 52 is

updat ed and t heW@R7T2e¥6frame is forwarded to the | W. 25 PCT/FI96/00654
step 72, the control unit 52 checks whether the filling |evel of

buffer 51 has decreased to the |ower threshold val ue THRESH2 I“I"' l’ujﬁ ﬂﬂl"‘“'
not, the process returns to step 66. If it has, @t S checke

whet her the RNR flag has been set. If it has not 30 been, an RR frarre'

provided with the |atest acknqy£4gedof &ﬁﬁ@rﬁya@eisIﬁrwﬁmﬂe&%ehotheelam
| WF (step 74). This term nates the | ocal c%a fl ow control

activated by the cont§@dfthinstation n(Iferand 2nPeH 1}ﬁesH%E%PQnﬁ¥%} Sﬁroqﬁ% a
process then retur ns iéltélmeﬁ%epeataﬁ BAryE shid raBibeintedfingy @plBying a

' t ' t f d
cnpl oying a 5 fram St A CRA e HarBIRaE (Ehe ‘ARt LE BiateRy sasg pet
bet ieen a tel eSomundtatraffiuthannaly paRvitddng shida highneapaciny paaffic

and the tel ecomuni caty g, S0WSHBRN, ( TAF, IV\F) of a receiving party over a

non-uni f orm non- transparent trafflc chann Qr _set of traffic_ channels 10
consisting of a traffic éEgP%ﬁt18P egulﬁpﬁﬂﬁrlﬁabaﬁ? aRfl the
traffic channel sectiIﬂndﬁe&tﬁhmsﬂatdapaoftyhatkatak&rtaa@amtamlon equi prrent

Is located at an interface betyeen+bngqlihadt £APASYmdRY L6+ EMS HRGh Y one
traffic channel section and conpri ses )
10 of the preceding claims, characterized in

that the first and the second telecommunication equipment
comprise the terminal adaptation function (TAF) of the
mobile station and the interworking function (IWF) of the
mobile network. .

15 8. Rate adaptation equipment according to claim
7, c haracterized in that the data
transmission protocol is a radioc link protocel, such as a
radio link protocol according to the GSM recommendation
04.22. _

20 9. Rate adaptation equipment according to claim
B, characterized in that said local flow
control is flow control according to  the GSM
recommendation 07.02.

10. A rate adaptation method for data

25 transmission employing a frame-structured data
transmission protocol between the telecommunication
equipment of the transmitting party - and the
telecommuniéation equipment of the receiving party via a .
non-uniform non-transparent traffic channel or set of

30 traffic channels consisting of a traffic channel section
of a higher capaéity and a traffic channel section of a
lower capaéity, characteri ze d in that the
rate adaptation method comprises the steps of '

buffering, in the data buffer, the frames that

35 are received from the high capacity traffic channel
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15 a data buffer (51) that buffers the frames that are received
fromthe high capacity traffic channel section before they are transmtted
to the | ow capacity trafflc channel section, data buffer control (52,53) ,

arranged to aﬂ filling level of the data buffer @&tridsmwosss

intervening t Lé?ram&* structured end-to-end transm ssion protocol and :
activating, if necessary, data flow control according to sm “imll ““) Illl “I‘
transm ssion protocol in the tel ecomruni cati on equi pnent ( I EI

transmtting party, said data 25 buffer comrol being érr&ng'ed

pass the end-to-end protocol through the rate adaptation equipnment °
Wi t hout int erventl ose ot ity ibesfore . tiey carelapransmittai phethe aé@Ur@iaﬁgcﬂ-‘éY

claiml, c har rdffid dnanr %ldse'c'EJ.B hat the data 30
buffer control (52 'S arrange

t o nonjt or eflliglevl f
buffer (51) and acknow edgnednitosids thst i-iu ‘(ﬁqné’fp&ﬁﬁygla?: gﬁg?grto
the transmtting party, the daiervning eonthel c(aﬁ%) t sansmibsgiosh t préfocol
intervene on said a tran r ot
t el econmuni cat’i on g’&%ﬁ" Teht Emﬁn%eﬁgcg Fgg‘t%elts%?\c/i\gﬁﬂléq&dtat g‘fjf?ov?/cgéﬁrta}épg
in the tel ecommuni cdatmn fdgwi prentrol taecordingni ¥2 i A§epfata pyrransmission

transmtting a f|rs¢ tf&etMQeﬁlféﬁtfdd|dﬂKtHéﬂﬁﬁan@hlthengab&rbyfhﬁén
increases to a 5 [T St

resh I d val u he d ta.bh control (5
arranged to convertthfe &&HBQA gc?d'ﬁé'nt"fr’é{‘rﬁ absuéngt)r’fd Y as[ef( € the
_ . first threshold value,
10 deactivating the data flow control according to

the data transmission protocol in the direction of the
transmitting party when the filling level of the data
buffer decreases to the second threshold value and the
activation of the data flow control is not requested by

15 " the receiving party.

L
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transmitted by the receiving party, into acknow edge
first frame type before they are forwarded 10 to t
when said local flow control is active, the data buf
to elimnate saV@%@#%ati on of data flow control by
of the second frame type when the filling level of 1
decreases to a second threshold value. 3. Rate adapt
accordingtoclaim2, characteri z el/dint

control
party has 20 acknow edged wi th an acknow edgenent
control is arranged to insert the registered | atest

into the transmitted frames in wHder to activate for
control . 25 4. Rate adaptation equip
or 3, char acteri ze d.Eﬁn t hat the
arranged not to elimnate the i vation
t hough the filling | evel of the data buffer

t
U
the data
decrease

ment frames of the

he transmtting party
fer control is arranged
transmi t t iPREFII6OPESAe

5 t he data buffer
ation equi pnent

hat the data buffer

is arranged to register the latest frane nunber that the receiving

frame, the data buffer
acknowl edgenent nunber
bl i m nate the data fl ow
according to claim?2
fer control is

fl ow control even

5 to 30 sai d second

{

t ransgjt

threshol d value, if the receiving party Hg%
ontrol Zla

flow control activated by the data bufferizqg
frame type which has not been acknomﬁedgdﬁ,
second frane type. 22 5. Rate ad T

equi pnen

L

ted, during the data
frame of the first
of a franme of the

t according to claim
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1, characterized in that the tele- comunication
system conprises a nobile network having a radio interface forned by a
satellite system and that 5 the satellite system conprises at

| east one | and wamntA2194 ati on (LES) connected as a base st ati onPCH/EB&MEEBSSY
to a nobile services switching centre (MSC) of the nobile network in such a
way that a traffic channel of the nobile network, providing said high
capacity traffic 10 channel section, is uspg between the |and earth
station (LES) and the nobile services switching centre (MSC), the radio
interface is provided between the |and earth station (LES) and a nobile
station (MS) through a satellite repeater (SAT), said radio interface

enpl oyi ng 15 the traffic channel of the satellite system which provides
said |.ow capacity traffic channel section, the rate adaptation equipnent is
located at the land earth station of the satellite system 6. Rate
adapt ati on equi pnent according to claim20 1, characteri zed
in t hat t he tel e- coqﬁanication syﬁépn1conprises a nobil e network
having a radio interface provided by a satellite system and that the
satellite system conprises a#pl east one | afd earth station (LES) connected
as a base station system 255 (BSS) to @ bile services switching centre
(MSC) of the nobile networK I'n such a wa hat a traffic channel or a set
of traffic channels of the nobile network, providing said | ow capacity
traffic channel section, is enployed between the |land earth station (LES)

and the nobile 30 services switching | Cke the radio interface
is provided between the | and earth statipn EF); dnd a nobile station (M)
through a satellite repeater (SAT), said adilo]intierface enpl oying a
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set of traffic channels of the satellite system said set 35 of traffic
channel s providing said high capacity traffic 23 channel section, the
rate adaptation equipnment is located at the |and earth station of the
satellite syst eWO922RRt e adapt ati on equi pnment accordi ng to anyPOF/FI9%69Re540f
the preceding claims, char acteri zed inthat the first and the
second tel ecommuni cati on equi pment conprise a_term.nal adaptation function
(TAF) of the ile station and an interworki B functjon (IW) of the

nobi | e net wor k. M0 8. Rate adaptation eprrent according to

claim?7 chag acterized in t hat t he dat a
transm ssion pzé%col is aradio link protjocol, sucpreis a radio link
prot ocol accor g to the GSM recorr ijon 04. 22. 9. Rate

adapt ati on equi pnment according characteri zed in
that said local flow control control accordi ng to the .
GSM r ecormendat i on 07.02. 10: : ate adapt ati on nmet hod for dat a
20 ° transm ssion enploying a @ama stglctured end-to-fnd data

transm ssion pr ot ocol bet weé&p el ecommuni cati pn eui nt of

a transmtting party and el econmuni cati pn ui ggnt of a

nsparent traffjc channel or set of

receiving party via a non-uni

iC chanmf.l sectiformrof—=a—thryherx

12000 bit/s
12000 bit/s
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| high capacity and the low capacity traffic channel section is provided with rate adaptation equipment that consists of a data buffer {51)and

(54) Title: RATE ADAPTATION IN A NON-UNIFORM NON-TRANSPARENT DATA CHANNEL
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(57) Abstract

The invention relates to a rate adaptation method and equipment in a telecommunication system for data transmission employing a
frame-structured data transmission protoco! (RLP) between the telecommunication equipment (IWF, TAF) of the transmitting party and the
telecommunication cquipment (TAF, IWF) of the receiving party via a non-uniform non-transparent traffic channel or set of traffic channels
consisting of a traffic channel section of a higher capacity and a traffic channel section of a lower capacity. The interface between the

data buffer control (52). The data buffer (51) buffers the frames received from the high capacity traffic channel section before they are
transmitted to the low capacity traffic channel section. The data buffer control (52, 53) adjusts the filling level of the data buffer (51) by
activating, if necessary, data flow contro! according to the data transmission protocol in the telecommunication equipment (TWF, TAF) of
the transmitting party.




