WO 96/ 36154 Data transm ssion systemw th sliding-w ndow data fl ow contr ol
Field of the invention 5 The invention relates to a data
transm ssion sys- temw th sliding-wi ndow fl ow control on a non-transparent
dat a connecti on whose nom nal data transm ssion rate may vary during the
connection. Background of the invention 10 I n non-transparent
asynchr onous dﬂpg"f‘r‘%sm ssion on a circuit-swtched connect FEHFOEE9240 ; 5
transmtted froma transmtting party Ato a receiving party B in frames or
"packets". Besides actual user data, the frames conprise both
error-detecting and error-correcting bits to enable 15 t he receiving
party to detect and possibly correct trans- mssion errors. Each franme is
al so nunbered or theDataetrahshiesioranepgsteami wilthatsdddbygrehidow! dapat Feow
kind of identifier. IQ:?\: rect ness of each received frane is tested at ‘the
receiving end. If the franme is found cor- 20 rect, the receiving party
acknow edges recei pt by trans- mtting the franme nunber If a franme i s not
found correct (eg dulid gahirerror), it will not be further

processed (butgis "di scar ded: e fn@éﬂ@iéﬁ’%&%‘ﬁ&g"\w@ gt t£%%t€18810n sys-

retransnission requ i s sent for exapple._in case
di scontinuity, in fr'é?f% 1%"9[@("‘%‘8’ aféﬁi‘hé’"f‘ﬁﬁ? tPR & AFedrapsparent

numbering is, for exdafd ecdpr@c3idépSwhblseeneminal dataretBinemibelibowedtbymay
frame 5, frame 4 is mﬁldq&ﬁgdtﬁeng&%éé@&cknow edgenent will be sent for

frame 4. Once the transmtti repelves_anegatlve ac- 30
know edgenent or no it retransmts the frane a

predet er mi ned®unber of tinesn 1TOTe- HXGTEDAN B L aeynaifronepet datptransmission

limted, so that endyess chitalssisritdnea Eeﬁﬂéc@:[& 2vwaicdeds '&a’iﬁs\{ﬁﬁ%eﬁagﬁom

connection. On such a.conn on_user t hrou put var i
the quality of the con%e&sf“ggklﬂt%aﬁ%’rthSn ki ing’party $3n franes or
"packets". Besides actual user data, the frames comprise

both error-detecting and error-correcting bits to enable
15 .the receiving party to detect and possibly correct trans-
mission errors. Each frame is also numbered or the order
of the frames is indicated by means of another kind of
identifier. The correctness of each received frame is
tested at the receiving end. If the frame is found cor-
20 rect, the receiving party acknowledges receipt by trans-
mitting the frame number. If a frame is not found correct
(eg due to a transmission error), it will not be further
processed {(but is "discarded"). A negative acknowledgement
{(eg a retransmission request) is sent for example in case
25 of discontinuity. in frame numbering. Let us assume that
the correct frame numbering is, for example 1,2,3,4,5.
However, if frame 3 is followed by frame 5, frame 4 is
missing and a negative acknowledgement will be sent for
frame 4. Once the transmitting end receives a negative ac-
30 knowledgement or no acknowledgement at all, it retransmits
the frame a predetermined number of times. The total num-
ber of repetitions is limited, so that endless transmis-

sion loops are.avoided in a very bad connection.
On such a connection user data throughput varies
35 with the quality of the connection. Deterioration in the



2 quality of the connection results in an increase in the nunber of
I‘'ncorrect and | ost franmes, and consequently the nunber of repetitions. The
frames have to be stored (buffered) at the 5 transmtting end until

t hey have beerwasdasessl edged so that they are avail abl e shoulRFT/FI6/00260
retransm ssion be needed. To limt the amount of necessary buffering, a

fl ow control protocol based on a sliding wi ndow may be used in the

acknow edgenent. In accordance with the flow cgntrol pro- 10 tocol the
transmtting party A nmay send a plurality of ddta franmes before requiring

acknow edgenent frompthye fhf-ofC]ing Qﬂml?x%ﬂon%&é@ﬂ?é’" {r?péx’?sﬁmﬁeﬁélixgi e
sequence of successi Ve franes, that have ﬁ&fsﬁgt but have not yet

bee
acknowl edged (a trarR¥REs &% &Pﬁ%’v’ﬁ"tﬁ’i@ FRes. and,gRREPUBEntly the
unacknow edged franesummpralod wepetitiome W5, Party B is also prepared to

receive W5 frarres ' n a recepThgl QBafﬁééldH%eV\E'bCBe' §t@re°<i' @bﬁ&e&%}e%@ Ofe
ecei.ved that fit lé%to

successi ve fra e_acc ta

sai d wi ndow bu have ?F‘f}%aerf‘ﬁ “f’?réxc ]f‘?}é&avfobeen ?ﬁjﬁ}ﬁw £99°FaFRet
into the reception vﬂhﬁibvﬁre Lavaikakdes shoulishtretiransgisspon be7 ngaged. To
recei ved. After frartﬁsmi}e aMé Aot tWokd@Wcesssty dphofewind;, WhefBss Sonraind

[ are stored In the LeGslih 0RO WELe AR YBldol o) M. ML3SNG f FAIIES

3 and 4. Oncefrane 47arrrve w ndo
over 3,4,5,6 and 7. %@vﬁlﬁéween%e.m ﬁg!ceﬁéaa%mmlb&aesfbﬁ*e ePnfERpl pPro-

frames, the regept i cbowld tihed NSENSMi08ing ngarty anemalyi @ehlr Warglvrality of

correspondi ng nunbergof, S QM4 t
dat a tPansm gm on ca a%m ]EEE;QHFQ b&a nsm ???%ﬁﬁ%h%%%ﬁme%m PP%'QO@%]%%-
utilized and a hi ghé’fe’t"lsrpgugﬁﬁﬁl' nByWHRACH HeRFEFePRENA | ALiding ssgmangean et

transmtting end A darwessivecfitafescthat ah@venbeéni keltasbtechaved ndt yet

acknow edgement of the p[%ﬁgﬁegégge & g-hl%gggﬁvg,ggd?ﬁ;i rllﬁ%ahﬁagc NEaL=Y

receiving end B assunes f rangs arrive 1 n t or
¥ framimber of unacknowledged frames equals w:.ndow size WS

Party B is also prepared to receive WS frames in a recep-

tion window, which is a sliding sequence of successive
frames that may be acceptably received. The frames that

_ fit into said window but have not arrived in the correct

20 order are dgathered into the reception window. Let us
agsume that frames 1,2,5,6,7 are received. After frames 1

- and 2 the window is slid forward, whereas 5, 6 and 7 are
stored in the reception window where they wait for the
missing frames 3 and 4. Once frames 3 and 4 arrive, the
25 reception window is slid over 3,4,5,6 and 7. When the re-
ceiving end acknowledges one or more frames, the reception

and transmission windows are slid forward a corresponding

number of frames. By means of a sliding window the nominal

defined by sat

data transmission capacity of a transmission channel may

30 be better utilized and a higher throughput may be achieved

than in a case when the transmitting end A does not send a

new frame until it has received an acknowledgement of the
previous frame. from the receiving end.

Ugually the receiving end B assumes that the

35 frames arrive in the right order, defined by said frame



3 nunber or another kind of identifier. If a frane is mss- ing, for
eéxanple franme N, which is deduced fromthe re- ception of franme N+M ( M>0)

i mMedi ately after frame N-1, in conventional systens party B imredi ately
infornms party A5 about the absence of the frame. As a result, party A
re- transmts frame N and sonetines also starts the transm s- Sion sequence
from nunber N woeemséiss some | ater franes had been sent and r eRefERRY00260
Sonetinmes.the frames may arrive to party Bin the 10 w ong order. If
frame N has been del ayed on the transm s- sion path and party B receives
frame NWM (M>0) immedi ately after frame N1, ié I medi ately infornms party A
about the mssing frame N. This results in unnécessary retransm s- sion of
frame N, which my Ccausse.CQR08abtREr iiddSNetendPrier. VI o £24GB 25 miss-
situation may arise |n a ‘;talata trag.sm SSi onNsysilen%lV\Mgrﬁeéeé/eeé aJhagurlatn%es ,?é_e
sent fenporarily grothfd F APl fTPPe ANl HFAFF L V50 - i hdeperiden
paral l el traffic chaeemiion ofufeaite N+Ma (Mp@heimmediaseligaftemiyame N-1, in
Certai{l gr oup, iht ”ga?xi@f&if%am BDY¥EEmd oAt @ring{e!aiﬂtelﬁyr ehraﬁﬁm PETOP A
reques or such a aye rage _nay, how eyver sen I n _
queue to be seRt fr %’érg?%agg?ﬂ?% ?ﬁegger r‘é'l%/‘-=1 e‘o?\st %etrﬁ‘gg(l%g ?gggt}écf‘ﬁﬁ?l y
cont ai ni ng ‘'t he "m sstrapsnfitanframe |¥ andk sopetansHi 3ks@ elaatge ShegFransmis-
rives to the party ad4sd delquBase! £5616 Huntore Wheveh oup siieldlalerc @phnesi Bad
frame N, party A as§)mes t hat B&;% ceB:.vhe%S not received the frane and

retransmits it. This T BafSThB ¢ ransm ssion system and may even nix up the
trans- mission protocol. 30 Sometimes the fxam&s MAYe aFFivatte RaHtMBsiPothe

according to fbe abowerg/ Redes. NDA-frAmrs MRhast basy Mérayeduondaha transmis-

sion on a circuit-swiich o] ti | . ' i a4 '

comuni cati on syst eﬁ’(ﬁ\/ﬁgﬁérgﬁﬁcﬂaﬁggsh?rd%%% %ggvavgf’]%mw gdgtr??r 3%?2&%%}%

Li nk Protocol RLP i rrffaofgamgsN-1, hd@mghiptehy i Pprtyafi shonl. the
. : migsing frgme N. This results in unnecessary retransmis-

gsion of frame N, which may cause congestion in the net-

15 work.

Such a situation may arise in a data transmission
system where several frames are sent temporarily grouped
together, or if a plurality of semi-independent parallel
traffic channels is used. If a frame is missing from a

20 certain group, it may have been moved to another group. A
' retransmiseion request for such a delayed frame may, how-
ever, be sent or placed in a gueue to be sent from party B
before the arrival of the next group actually containing
the "missing" frame N. If the retransmission request ar-
25 rives to the party after it has transmitted the group
actually containing frame N, party A assumes that party B
has not received the frame and retransmits it. This loads
the transmission system and may even mix up the trans-
mission protocol.
30 An example of data transmission according to the
above type is non-transparent asynchronous data transmis-
sion on a circuit-switched connection in the European di-
gital mobile communication system GSM. Herein the sliding-
window flow control is Radio Link Protocol RLP in accord-
35 ance with the GSM specification 04.22.



4 The nost significant factor limting transmn ssion capacity in nobile
communi cation systens is the traffic channel at the radio interface. Eg the
GSM syst em cannot at present support user data transm ssion rates higher 5
than 9.6 kbitswessmdisach i s the maxi mum user data transm s- sPEHFPPE26§ or
one full-speed GSMtraffic channel. One solution that enabl es al so higher
user data transm ssion rates in nobile comrunication systens is dis- closed
in the applicant's copending Finnish Patent Ap- 10 plications 942190
and 945817 (unpublished on the priority date oft the pr esent appl i cation).

Herein two or nore par- all ell,rélhrlgggé% ggg_\gggggt (ﬁlgggl}aﬂ%ﬁ%ég gmaggagn

path are allocated for one h spee connecti on
signal is divided i nt%aH¢Te ifamghide ﬁm‘ﬁ&ﬁﬁéF§°%t sygtems H’\e he traffic
transmtti ng end f orcharardmagsithe eadiot hetewfthae .p&Bdh thendSMeaystehl ednabt

the receiving end. This éééél%? Sl e&é&g 8 t&'%i‘aﬁéxﬁ‘ﬂéﬂoﬁ?'?&té@riﬁh&ﬁér :
where the transm s- smﬁ even tfold, dependi

e n
nunber of all otat ed ’E]?aéi‘@ é Eh:a GES Whé&hp’a? SrEPFTHE ‘E‘?%’ﬁs"?ﬁt? tfénsm’-s’
sion rate of the consintt iratel £65i omp Eudlasperfl EsMnsrAfticsichannele. In the
GSM system for instance, a pgbakbotgeiolaimt! 'aHTesS 80 a&ene{» k8e? gata

kbits/ hi d I 1 el bch I h
Fat e adapted 9. 6 kbi TASMIEBARD TAFS 15, PoELi FURLTLAF b DIEamS e Siss
bearer services of tdlo=sE8M BYystken apphicaptd® | gopendiag- tFimsisdr Patent Ap-

circuit-swtcped datgy icrieaki 94218y massgva(@h&@hdﬁe@tmpehal b@hoﬂ@&

fic channel s at the fad f d nb hannel
vary doring the confi 8% CRRGEAPent SPPIACELLG by BRI AHoIPG| ER| RED. K

paral | el channels i rﬁlgiredupsaﬁflq—\l cdhagmed s (iubchaunedy) chanthe dadiegpabb are

connec- tion. Thus, diNecakederdr @ﬂeeﬁigﬁfsﬁ@é‘cﬁldﬁltagcéﬁﬁé%dzﬂ BhRi ¥k O8Beed

O Bl & R 250y T A O PRLE o T 5ibMamnes ac

15 the transmitting end for transmission over the radio path,

and reassembled at the receiving end. This allows the

offering of data transmission services where the transmis-

sion rate may be even eightfold, depending on the number

. of allocated traffic channels, compared with the transmis-

20 pion rate of the conventional {single-channel) transmis-

sion rate. In the GSM system, for instance, a total user

data transmission rate of 19.2 kbite/s is achieved by two

parallel subchannels each supporting rate-adapted 9.6

kbits/s as in the existing non-transparent 9.6 kbits/s
25 bearer services of the GSM system.

Congsequently, a non-transparent circuit-switched
data connection may comprise a plurality of parallel traf-
fic channels at the radio interface, and the number of
traffic channels may vary during the connection. The

30 frames to be sent are divided into N parallel channels in
groups of N frames, where N may change during the connec-
tion. Thus, the above problems of receiving frames in the
wrong order are especially obvious on such a multi-channel
trahsmission connection.

35 Disclogure of the invention



The obj ect of the invention is to alleviate or elimnate the above
problens. This is achieved with a digital data transm ssion system
conprising a transmtting party, a receiving party, 5 a non-transparent
circuit-switched data connection between the transmtting and receiving
parties, and a data flow control protocol involving transm ssion of data
frames in a prasevssiser on the data connection, checking theP@EI0026D
recei ved data frames, based on order information in- 10 cluded in the
frames, acknow edgenent of properly received data franes, and

retransm ssion of erroneous or mssing data fr S. In accordance with the
I nvention, the systemis characterized in that The transmtting party (A)

is tenporarily capable of grogpingeidia: ds¢ arid ABRentdld HRAtolA11evibil® or

receiving party (B), upon d tecting a mss data frane based on order
i nfornation included9 Fntgﬁca&?é’ﬁ BF#Q%E'?Ved data franes, is arranged

to send a retransm ssion requ‘@lsismacheem%sumg dadxyﬁhaénéamtﬁransmlswion
ensuring that the m SYigtemf &&@'ﬂﬁ%gngtt%l%%&h 219arty, haicséen}{h party,
accor dance vvlth!;the i_nvent ei vi dqc&e transmb | on
system using a 3l di fg®fFn* %‘W%’e %bﬁ?‘%’tﬁp Bﬁ'r%f" SI a Fﬁﬁge?’ﬁ’em stween
transm ssion of are drapsmbbtinguand regelyimos paxgiesanandor dasaddilew
25 t:con of ha del %n@mEYpmﬁblOfén%lGih@afﬁahsﬁzﬁBioﬁnchJ r&ﬁahaftraﬁd&% in
m ssing frane as no e e in
g tgn g@ggego&%%zt %n %hg Qété aéoEH cri'::}:n, él??r%:e #;Eue Ip-org r

the next groups. 'S Tecei ved later
or in the next group§fvmlleﬁieﬁ"§ |€a'éI%I§’§/am¢R) reagesh oA s%?d(%' r@éemtngnsén-

sent. |f the mssi ngciluded i thet frafed veld:knbwineagaﬁxd: d€l Biopdrisr rekelived
not found in the nexlgLoulengh! Ngha PefSLIANYLSS Qb l2GURSL,LSo3CR BLLET

the del ay has ex- pire 85 UNnecessary retransni esons
the wong frame ordefatanframray Tngoreadrree ofitdotgesingantion  the symrsm
results in a higher tibralghpotepizddeinlathacobhe transmitting party (A) is

temporarily capable of grouping the data frames, and that
15 the receiving party (B}, upon detecting a missing data
frame based on order information included in two in
succession received data frames, is arranged to send a
retransmission request for the missing data frame with a
delay ensuring that the missing frame has not been sent
20 later.
' In accordance with the invention, a receiving
party B in a data transmission system using a sliding-win-
dow flow control protocol, delays the transmission of a
retransmission request for a missing frame for the dura-
25 tion of a delay D, by means of which party B may ensure
that the missing frame has not been moved to be sent later
in the same group or in the next groups. If the missing
frame is received later in the same group or in the next
groups within said delay, no retransmission request is
30 sent. If the missing frame is not received within said
delay, i.e. it is not found in the next groups either, a -
retransmission request is sent after the delay has ex-
pired. This eliminates unnecessary retransmissions due to
the wrong frame order, and resulting loading or conges-
35 tion. This results in a higher throughput on the data con-



6 nection. If grouping is not being used, retransm ssion is not del ayed
unl ess a delay is needed for another reason. A tenporary feature in data
transm ssion may be that a sequence of N frames is sent rapidly in
successi on, 5 wooeleiks | Nst ance when N sinul taneous and par al PEX/FI9686260 C
channel s have been allocated to a data connection to in- crease the data
transm ssion rate. According to an enbodi- nent of the invention, the
nunber of retransm ssions nmay in this case be significantly decreased as
the receiving 10 party does not send a retransmi ssion request until,

for exanple, N subsequent fr s_have been rec

found m ssing. The rlg??%fhog’rﬁ gge SﬁOP%HLIJ%thS noq;s%rﬁl%%nggég'r é&e,]-\%w%h'{%s"’%eeﬁs
received after the nlil%%ldﬂ}ameénﬁnwsﬁ\k%r@ll‘@ﬁ d s preedadbEer ingidies) Fempson.
channel s (other 15 frarres; Feypbeaty Ssedtubet ivvedatd anthretiikk)onBmaef be

description of the dg gg%r }éngnegvoep% ﬁ}e@gllp%e%eﬁsggg ?%b:ﬁi. %é@ets@:. op,

reference to accorrpanyl h ‘hIqure part
nobi | e commun-520  £ox c&?ﬁ%ﬁn%%/sﬂéﬁ?téqmﬁ?-‘é %anequsy Ard oﬁaﬁﬁ§l% ssprfig

on a singl e-channel dipmidlanhaReebeenoalEctaned o giirdatd iddmuelctabasta part
of a nobile commun- iCaldd @héyééﬂnéﬁnmlgglégeréw e@c‘cB&‘dEﬁ% &?a@P%lanﬁiQ”

a mul ti-channel non- transparent connecti o IS a

flow chart illustratTSRF £hdifeVEnELeBr d5Re eDWRSE tMe F%?FF‘%RS&P“S may
del ayi ng the transmisitinisofcazer der aigniifdcantle qdssteasedn ashehee ceiceiming

"vention 30 207 PRV et S 4 eCRARIIRIN BequoftPhRee) for
digital data t ransmes’gq“mesygt E}’r.ﬁs?@f ’ﬁa&eﬁghﬁn"édgﬁfﬁ r%ﬁ%ﬁﬁfir 3Iftﬁft =T
adj ust abl e wi ndow sifammen wasofeund amspaingt The arebnawsnissionhosequest nhs
data transm s- sion 4&ite iRh Eahed M ol Befe@NReeli98d after the missing
frame M, where N is the number of parallel channels (other
15 frames may be missing between M and M)N).
Brief description of the drawings
The invention will be described below with reference to
accompanying drawing in which
Figure 1 illustrates a part of a mobile commun-
- 20 ication system to which the invention may be applied on a
single-chaﬁnel non-transparent connection.
Figure 2 illustrates a part of a mobile commun-
ication system to which the invention may be applied on a
multi-channel non-transparent connection.
25 Figure 3 is a flow chart illustrating a manner in
accordance with the invention of delaying the transmission
of a retransmission request when the receiving party ob-

serves a misaing frame.

30 The present invention may be employed in all
digital data transmission systems using sliding-window
flow control with an adjustable window size on a non-
transparent data connection whose nominal data transmis-
gion rate may vary during the connection.

35 The present invention is especially suited for



35 - The present invention is especially suited for 7 data
transm ssion applications in digital nobile comun- ication systens of the
TDVA or CDMVA type, such as the European digital nobile comrunication system
GSM DCS1800 (Digital Comunication System), a nobile connunication 5
system according to the EIATIA Interim Standard 1S/41. 3, ﬁﬁﬂﬁp

i nvention wil IWB&RRELCri bed bel ow by using the GSM nobile co @QF?
system as an exanple without being limted to it. The basic structural
parts of the GSM 10 systemare shown in Figure 1, but in this
application there is no need to describe their ,properties or other sections
of the systemin greater detail. As to a nore Jétalled description of the
GSM system referencgat$ tEdasniesiba %Mﬁeesicinscain ang:ﬁ'.ﬁd. b ibeokomthr-

GSM temfor 15 . b | e t n &P

Pal aiszZau, France, I Bﬂ%}:f"%o% t)&gs?DM% nobi % éggglgévm t chi F\?e

centre MSC estab- | |%WQ%&#BEQE&M?%@GQT@“@&FFEWWWW & oPRELI8 P

i lar tasks as an exclpigitdaln Coemynidatdoaw Sydtech)tel 2pmobel20 commundtadisn

(PSTN. Noreovgr, tNQ 0w RRILOBIRG LOKAO WA R Thberth SDhidatd 2u9R0DS
as subscri ber

traffic only, sSuch I on managenent, 1 n cooperation wt
t he subscriber regi s®%€¥s of the network (not shown). Mbbile stations M
comruni cate with the MSC vi aThasdnyeation willebs GBESrib&b below hey basing

station system BSS Gosigdp nBBlﬁebééﬁnﬁﬁdﬂ%nCQQEE%lﬂ aE§§Q 18a§€thout
transcei ver stations BTS 1§ q& systemis a fine dIVISI &&I ACLesS
(TDVA) system where heing ldmited ke ity 5a]P?15°r% stqué’tHFﬁ ok ﬁré “?n
successi vel y tepeat i syptEDMrate aglhewn 30n Figezeh 1of huh ctncbhsassappéication
plurality of time sl{sre Aj.éhﬂétnéééowahbﬁarﬂﬁék@heif B8Obeith SACHY: t biker
slot as a radio frequency urﬁi I nite duration and %pnilsaupqng a r
group of modul ated tqﬁ?cstl ORS¢ 1%{% Sy O % ge a more
detailed description of the GSM system, reference is made
to the GSM specifications and the book "The GSM System for
15 Mobile Communications", M. Mouly & M. Pautet, Palaiseau,
France, 1992, ISBN: 2-%507190-0-7.

A mobile services switching centre MSC estab-
lishes incoming and outgoing calls. The MSC performs sim-
ilar tasks as an exchange in the public switched telephone

20 network (PSTN). Moreover, the MSC performs functions typ-

" ical of mobile telephone traffic only, such as subscriber

location management, in cooperation with the subscriber

registers of the network (not shown). Mobile stations MS

communicate with the MSC via base station systems (BSS).

25 The base station system BSS consists of a base station
controller BSC and base transceiver stations BTS.

The GSM system is a time division multiple access

{TDMA) system where traffic on the radio path is time

divided and occurs in successively repeating TDMA frames,

30 each of which consists of a plurality of time slots. A

short information packet is sent in each time slot as a

radio frequency burst of finite duration and consisting of

a group of modulated bits. Time slots are mainly used to

_ convey control channels and traffic channels. Speedh or

35 data is transmitted on the traffic channels. Signalling



convey control channels and traffic channels. Speech or 35 data is
transmtted on the traffic channels. Signalling 8 between a base station
and a nobile station takes place on the control channels. The channel
structures usewoaksdibe radio i nterface of the GSM syst em ar ePERER$NBEY | n
nore detail in the GSM specifications 05.02. In accordance with 5 t he
specification, one tine slot fromone of the carrier waves is designated to
a nobile station Ms as a traffic channel (Single Slot Access) at the

begi nning of a call. The nobile station M synghroni zes with the tinme slot

to transmt and receiyt,dafla0pl i€ WERIYnPHES S moblle station takebpilEe GM
system a data connectl on |sr§)§.ta - Ik%ge bet ween t&rm al ada$t tion

function TAF 31 of BT X atPERRE® antPSC a}ﬂ"éaﬁwf RERGUFERCETTh T
(usual l'y in connectiosic tinttdrfagsbilfe tber GE¥esyshemcaragdessnied/Ba) morer
fixed network. The dgd@hiq0RReEh: UkM §ﬁaci§icati&ﬂg @81, b2 SV GleRdregRRECk N

that reserves gne (or, nore) .traffic channels fraomthe radio ipterface for
t he whol e durag ion o] tPé"')t,"dﬁrr’rEEP?'%{ P Che ?‘k?n?h‘égdﬁ{l carrier
connection is a V. 1Mpwredid atmigedtedoty. a4mphide f stationif & a diyptlic
connection. The her eipkrfiRIACI(sBRG1¢ . d1ék Kbcess)CARNREEI Bglfiﬁnfn | &ff tal call.

transm ssi on channel_.ori gi.nal | y_desi for .I.SDN technol o (Integrate
Servi ces Dat a Networ"'t?')e t'%ftﬁgdéb?gf?’gr?%esvcszg?f Wih aﬁ%e ot gsgot q:o
chance to transnit di¥anspiziandarecsive redipofreqepnys purphe- CCl TT
recoomendatiopgfor a V.110 spgedhadapmeGystence ddta corredtion dRSCddthast

in the COTT Blue Book,V..110 _The | TT.re oggggg%;.l n r.th

interface is presen'?"eldghler‘li ﬁ‘e:w?_ﬁ?'lal' I&émﬁoo V= .m%njef gFfRnoﬁa?/Aéﬁialptoa% i%on

functi on TAF adapt s wekidea atatiionalMg need sRBwinteswatking fungtioni [WF 41

station M5 to the V.(AkEhad0pnefit éGihestlionhwiheshalmdished sébvices i swit iy 1
a

O ori o o SSRSRBEF! g e QU B Lol L o
net work, sucht®s circuit-switched connection that reserves one (or more)
traffic channels from the radio interface for the whole
duration of the connection. In the GSM network, the data
connection is a V.110 speed-adapted, to V.24 interfaces
adaptable digital connection. The herein described V.110
20 connection is a digital transmission channel originally
designed for ISDN technclogy (Integrated Services Data
. Network) that adapts to the V.24 interface and offers a
chance to transmit also V.24 statuses {control signals).
The CCITT recommendation for a V.110 speed-adapted connec-
25 tion is described in the CCITT Blue Book V.110. The CCITT
recommendation for the V.24 interface is presented in the
CCITT Blue Book V.24. The terminal adaptation function TAF
adapts a data terminal (not shown) connected to a mobile
station MS to the V.110 connection, which is established
30 in Figure 1 over a circuit-switched connection using one
traffic channel chli. The interworking function IWF adapts
the V.110 connection to another V.110 network, such as
ISDN or another GSM network, or to another transit net-
work, such as the public switched telephone network PSTN.
35 Data is transmitted between the terminal adapta-



| SDN or anot her GSM network, or to another transit net- work, such as the
public switched tel ephone network PSTN. 35 Data is transmtted
bet ween the term nal adapta- tion function TAF and the interworking
function IW in franes or "packets" using sliding-w ndow flow control wth

an adj ustable I ze. This sliding-w ndow flow con- trol Lo Link
Prot ocol (RLP) %‘ggﬁbﬁ%ng to the GSM 5 specification 04. 22P a 248

transm ssion between the inter- working function |W according to the
protocol will be de- scribed bel ow under the assunption that the

I nterworking function IW is the transmtting party A and the term nal
adaptation function TAF is the receiving party B. Is 10 shoul d,
however, be noted th&iodafunctionnTABi andt fkes iptesworking afigceimn IWFt Ha

fppos:,n_te direction, EAmédfor Inpaazaeté'rWsmim&g&ﬂwuioﬁﬁ&mrd with
ransiii ssion on a cifLgu e nne n a nsmtted.froma.
transmtting party A goagjﬁé\%éebﬁ\% S}"g%(& b %E'EQ‘ Tﬂi‘é Sildm g"‘ndo " %&&?

An exanpl e of such fF&fksiPsRafie] 5@6 Pﬁ°Fﬂ%°bSm5chW@aﬁ% ©a. phe GSM

Besi des act ual suser dpémfid&tlbhamszzom&ﬁas&mmsdﬁmmemd@i ithet Qnter-

enabl e the re- ceivipg, 43‘@{.‘518%98{;%? %E:%B?H‘i c? tgfebgﬁr%oggf e T2 | fle

al so nunbered or the or ranes 1 s |n means o

anot her kind of i den??ﬂ-]%ﬁ‘ hejiom, under kEhe, aﬁs’é‘“P‘b’cﬁﬁ driat ithe dngeworking
frame until receipt famenizar IRFBisf the tacitsmiltedggnpartpfa A ehef ue:rm:.nal

receipt of the frame,gh ounéﬁc fnﬁ?étiohherzﬁprEECttﬁ?eseréeﬁ?ﬁ%( ggﬁtg

frame. If the_ffane |s orrect, the receiving

| edges recei ptOby t r SRR | PRPERE +f RemenPkafbeFhat | dﬁﬁ% FaRgmigsicn Féhﬂﬁ
correct (eg due to apla@msaﬁneianhyeevm in ithewopposibte hiirfestrtiba;, pApcewBed

but is "dis- carded” A negat r
gequest) is sent for Zaxarrpl egﬁnﬁ%ﬁ-sﬁgsg%ggg%moas c?étfa?‘@§?h§§ﬁ9§mn

nunbering. Let us as%r?ecqﬁ}ufewc@edtﬁ%n%cw' fiéEt" 37 frensrdseeAnfren
1,2,3,4,5. However, &ftdansmit8ing Hagitlyodetoby Afecmiwibg paztne M ihafrbees or
left out and 85N€0- vpackets". An example of such frames is disclosed in the

GSM specification 04.22. Besides actual user data, the
frames comprise error-detecting bits to enable the re-
ceiving party to detect transmission errors. Each frame is

also numbered or the oxrder of the frames is indicated by

20 means of another kind of identifier. Party A stores, i.e.
buffers, the transmitted frame until receipt from party B

of an acknowledgement of successful receipt of the frame.

- Part;wa tests the correctness of each received frame. If
"lzthe frame is found correct, the receiving party acknow-

25 ledges receipt by transmitting the frame number. If the
frame is not found correct (eg due to a transmission
error), it will not be further processed (but is "dis-
carded"}. A negative acknowledgement (eg a retransmission
request) is sent for example in case of discontinuity in

30 frame numbering. Let us assume, for example, that a cor-
rect frame numbering is 1,2,3,%,5. However, if frame 3 is
followed by frame 5, frame 4 has been left out and a neg-

ative acknowledgement will be sent for frame 4. Once party

A receives a negative aeknowledgement, or no acknowledge-

35 ment at all, party A retransmits the f£frame until an



ative acknow edgenent wll be sent for frame 4. Once party A receives a
negati ve acknow edgenent, or no acknow edge- 35 ment at all, party A
retransmts the frame until an 10 acknow edgenent is received or the
maxi mum nunberwgheseiss transm ssions i s reached. The total nuPRGEFI9EE0260
repetitions is limted so that endl ess transm ssion |oops are avoided in a
very bad connection. 5 The transmtting party A may transmt a
plurality of data frames and buffer them before requiring acknow | edgenent
froemthe receiving party B. This sliding se- difence of successive frames

t hat have been sent but nqt .yvet acknow e i LI _@v?‘[ﬂi ' _
transm ssion w ndow.®% wqed%ﬁ%‘e%x%%urn?ér%ﬁ%gr o%f %%ﬁaglgﬁo edg{é zr.a?rgsre
equal s Wi ndow si ze \Viranspisgionanis wgpahed-r £B8i VPR Wr8°%srﬁPﬁﬁéFéﬁn?o
receive Ws franes i nig Yigdeptdi 86 thatlendlebiscbrassmisdiic dgopeqaracevoided

successive frames t c e cent.- I received. The franes that fit
into said w ndow bu?ﬁﬂg %rghlg\%g %%Peé%?‘loééd in the correct aqrder

) re ..
gathered into $he reception FRAJFARSMELLERI RITNHE % RAY ‘F’F%ﬁ?é%"taraepi’é?ahty
ceived in the order df 2d&®, framdlst @indf keuffer] then Pefheewradoiringshcknow-

forward, whereas fra{Bfchesf ¥tm/ tHe 2IcRi9nk pabey’ BCEPIIQN ¥ Niiow Woer e
they wait for the 20 m ssi ng frapes ? and 4. Cgﬁgafraqnﬁp%h3 ar}:d 4t not
arrive, the recepti cH&RGPI&QH SUCSPPAIES fTaMeS ctha vE J§RF Rut mo
cei ving end acknow eykescknewbedgesd,c ibr aatbed tzhelidingptinansmigsioanwindewon

windows are sjhd forpgs %a@:iﬁﬁfhrmidiguﬁﬁﬁﬁﬁbwﬁdéé&fﬁ%meg)’e?ﬂam§ window
sliding wi ndow the nom nal 25 dat a tra(r}ﬁ_gnssi Qu_ca aci tt& Qf .ghere ared
transm ssi on channelSiR8 "Se FR(YRS SGPFI T Fe&H g Throtghput™ Fay” De
achi eved than when ttre recsise RS fyamed Anddesrernptdond windew. f midshyris |2
it has received an agkawWseddgndite Jf SiecBEBYE Usrdmed @ hbtodnhBer 866éMtNY

end. 30 ually.the rggceiyin art SSUITES EX
arrive in the right eF:‘*‘%’éf’Fﬁw%? gﬁ?'ge#)réli%t EAPHES R dlifadd
15  have not arrived in the correct order are gathered into

the reception window. Let us assume that frames are re-
ceived in the order 1,2,5,6,7. After frames 1 and 2 the
window is slid forward, whereas frames 5, 6 and 7 are
stored in the reception window where they wait for the

20 missing frames 3 and 4. Once frames 3 and 4 arrive, the

reception window is slid over 3,4,5,6 and 7. When the re-

ceiving end acknowledges one or more frames, the reception
and transmission windows are slid forward a corresponding
number of frames. By means of a sliding window the nominal

25 data transmission capacity of the transmission channel may
be better utilized and a higher throughput may be achieved
than- when the transmitting end A does not send a new frame
until it has received an acknowledgement of the previous
frame from the receiving end.

30 Usually the receiving party B assumes that the
frames arrive in the right oz"der, defined by said frame
number or another kind of identifier. As stated above, the
processing performed by the transmitting party and various
transmission delays in a multi-channel data connection,

35 for example, may change the order of the received frames.



nunber or another kind of identifier. As stated above, the processing
performed by the transmtting party and various transm ssion delays in a
mul ti-channel data connection, 35 for exanple, may change the order of
the received frames. In this case, an imedi ate retransm ssi on request

for a mssing f d in a nobile conmunication systemin

with the %Mgsp%g‘g?i ons, for instance, causes un%ecessaryiﬁgg%lgﬂ%%gnd
decrease in throughput, and 5 even congestion. This is elimnated by
means of an arrangenment in accordance with an enbodi nent of the invention,
where the receiving party B delays the transm sg on of a retrans- m ssion

request for a mssing frame for the duration of 10 delay D, so that
party B rmay make surels hthis heasd,samgidnesiiateasenrhnbetssicantréqient fie a

retransm ssion requeshidEhAl e \Y Nhbbiidecbamantd f arey
whose hunber is E ti?rfkels hi e;ﬂét("h)lq‘_‘%eét':la iﬁga%l {;/lbilazgl'\jg ,\?\%er,e I\clléglto%e %Jérgber ox%
paral | el channel s). I?C‘f‘?é%%c&i‘ﬁd: r GSM) cepecifigatdops, ( foT cdpstance,
recei ved group, no retausesTussecessaxry doeding arsbdecrease i whesughphit anend

is not found insthe neydn @oRdRstfork €L ransmi ssion request is sent with del ay
D. This elimnates unnecessary,[etyansmn SsSi ggé gue to th wronggfrarre

order, and the resulting | oad'ryrhbsoJrsc 32 Y meqns, oiTRn pELEngenent, in
hi gher throughput on aagerdangecwith rar empodimentyrefifihey invenbiohei whpnes dthe
/rb\etransrri SSi ?n its notretRlianag pakeysSpaqdehpy %getnﬁgg@gnt ifggioﬁnq,@egf %%me

tenmporary feature i r sgign e a sequence franes
1% ielRbR YeRUBEE °2b8 s "Rlartng ik, S THE iraiona b

I's sent rapidl
paral l el traf fi/Q: chafifdiay BavE&ohébRtaPREEY Bdmay makiet suxsrishalt ithe twissing

crease the data tran¥¥ame Raslidbe belir seubbeatof. riid 3RS rafbhissSitn %ﬁdégt
this case be signifi I egre r Iyl arty does. not send a
retransm ssion requegr%%gxsg B%n?%fgy?a%r.ﬁégénp%ﬁe, ¥ﬁg\9% B P rame, whese
new group of franes, PWAPEYpd8nEr dBpFehighenr (Bt fhyniealdy EolWndwhere-N =

the number of parallel channels). If the missing frame is
15 found in the next received group, no retransmission re-
quest is sent. If the missing frame is not found in the
next group, a retransmission request is sent with delay D.
This eliminates unnecessary retransmissions due to the
wrong frame order, and the resulting loading or conges-
20 tion. The result is a higher throughput on the data con-
nection. If grouping is not being used, retransmission is
not delayed unless a delay is needed for another purpose.
A temporary feature in data transmission may be
that a sequence of N frames is sent rapidly in succession,
25 - for instance when N simultaneous and parallel traffic
channels have been allocated to a data connection to in-
crease the data transmission rate. The number of retrans-
migsions may in this case be significantly decreased as
the receiving party does not send a retransmission request
30 until, for example, N later frames, i.e. a new group of
frames, have been received after the frame was found miss-
ing.
The applicant’s copending Finnish Patent applica-
tions 942190 and 945817 disclose a procedure where a mo-
35 bile station MS that needs higher-rate data transmission



ing.” The applicant's copendi ng Finnish Patent applica- tions 942190 and
945817 di scl ose a procedure where a no- 35 bile station M5 that needs
hi gher-rate data transn ssion 12 than one traffic channel (9600 bits/s)
can offer, is as- signed two or nore tinme slots in the sane TDVA frane. The
maxi mum user dM@PPFBRAsni ssion rate of a nulti-channel data FETAEEOPHSA is-
the nunber of parallel traffic channels 5 X the user data transm ssion
rate 9600 bits/s of one traf- fic channel. In this way the user rate 19200
bits/s, for instance, may be supplied on two tgyaffic channels as a m nimum
Thi's procedure is presented in this application as one exanple of a manner
of elrnlaoFlyi ngf Pi gh- I’hathaﬂatbﬂe lraffict rcaaaﬁéssi(mmdaa(siﬁbm &apl Hﬂf&lbir'f, yfigf as-
parallel traffic cha [ 0. S ' i this
procedure, refer enceg?%l%%cfe%dtag&ggkge p%%%?%%%??%a??gn%% ?ﬁr@stﬁ%aﬁlg\i\e@éﬁ
be noted that as to FREMTYR cHEEHndatHhe tEANSNEREION | AL Bl PeMBMtii-sharael

it is possible to l5data aesmebtich is ruhet nurhenref parabiel sstaffizoehanheds,
and the invent5on | sxSoléhibed 6864 kalont 881 881 N d9RD00L: A5 @ Dol Lhge -

receiving end B, as %De transm ssion iapamt of suc _
connection is change ‘By"IWE’reg]asFﬁgtB S JHRY eERS P &Farender 08f PLESS ; cfor
channel s. 20 instande,quay De | supglisde ot hevar craffict wiemfe lishea 5SM
network that enbodi egsfsfat.2 TH1aNHFHISaLFe SEE Yﬂfé?sdéiﬁ!e_'ag iﬁu%'ﬂig. Qggﬂ?ci-é?&ion
multiple parallel traffic channe]S. Figure 2 i's idenfical to, Fi e
except that in Figur®® 2°‘éecf"’f‘%ﬂ?ejt§ sﬂ{tghﬁ‘a“ﬁ%ﬁ-f’Faﬁg‘%Sg%h‘f‘chh tftgh data
conprising N 28 trananigsipnaffasedc mmnel ploraliby, ofhepardiiel?, traffic
fexi s{_s bef V\V\/Fe:enI t he t&tdtideal | |st aflaatﬁﬁm Jy;a%%hiﬁ%ieiﬁfdﬁ@ ttﬂégdle%i‘wféki Wis
Givi der that di vi deB PTRRE r BEESTHISE S RAneDRt AT (FALEATCaPPY HF CHe
term nal 30 equi Bhemst.nhoweuenl | k¢ notgd ithathasnsbstbhlivvention, ashen
only essential requirement is that it is possible to
1s establish a multi-channel transmission connection, and the
invention is solely directed at the adjustment of delay D
at the receiving end B, as the transmission capacity of
such a multi-channel comnection is changed by increasing
or decreasing the number of traffic channels.
20 Figure 2 illustrates the architecture of the GSM
. network that embodies a data transmission service using
such a group of multiple parallel traffic channels. Figure
. 2 is identical to Figure 1 excépt that in PFigure 2 a
circuit-switched non-transparent connection comprising N
25 parallel traffic channels chi-chn, where N=1,2,..., exists
between the terminal adaptation function TAF and the
interworking function IWF. In a mobile station the network
termination 31 operates as a divider that divides a high-
rate data signal DATA IN received from data terminal
30 equipment into parallel traffic channels chil-chn, and as a
combiner that combines low-rate partial signals received
from parallel traffic channels chil-chn into a high-rate
data signal DATA OUT. Correspondingly, at the other end of
& multi-channel data connection, the interworking function
35 IWF operates as a divider that divides an incoming high-



conbi ner that conbines |lowrate partial signals received from parall el
traffic channels chl-chn into a high-rate data signal DATA QUT.
Correspondingly, at the other end of a multi-channel data connection, the
i nt erwor king function 35 | WF operates as a divider that divides an

i ncom ng hi gh-wo96a@ssat e data signal DATA IN into parallel PFEFPHRo260
channel s chl-chn, and as a conbiner that conbines |lowrate partial signals
received fromparallel traffic channels chl-chn into a high-rate data

si gnal DATA QUT. 5 On a multi-ch el data connection, a
tenporary feature of the data connection is that N frames are sent rapidly

in succession via N pagal b@éatéf&rtaw mrm Sintlo Ebax*dllélgli:QHEfQE MhbhASES .

Mor eover, the groupin ch e durin )
transnission ca- 10 © % f“st?le %’%‘ggt %’hea%3°§’ r&%‘?nﬁ?ﬁﬁlﬁle
nom inal transm ssi sngmhacmqenmyl |fm¢>m \ml@ﬂénél ﬁgaﬁﬁeCnGthebﬂl Fhdrehn
channel s al | ocated tonidey m@aeeateruﬁa Giamaingatrieowo i nal transni ssion

rate of one or _nore trafflcI (c%l ng Ls. cgar‘%];aged qﬁa%%ngcgggnt yRi ggl,%xfary

al | ocated and feal - 15 a o or renmoved from
connection, by the nﬁbﬁlmer%afwté@sdﬁﬁtém%ﬂém i@ \pbet Br érapes| §recgent
call control unit 42raptdwh idesusidpsilon Vi | Nf pakRilél obranfidechhhnehs £d

traffic channels to %he @‘gféﬂ% fti'[ qp fﬁme%r ef%%gbgrt ?thésaggﬁélﬁé)%éfl

32. Fromthe point 2 invention, the
al locating traffic cebange surdng Hh?ad%ﬁ@é@ﬁéﬁl%ra’f rfé‘%ﬁ?’ﬁnémlﬁﬁh%l%'
participatingibn thepaditaeadf dhe idatAotoffiéStion |c&langés f ghangihdiethe nom-

nvention L concer ey rahindRbdor ¥apdBaLydhay NAlict b8 SRARINENIRBR L

(I'WF or TAF) is eith rect y provi
i nformation on del ayeD iy chappels cﬁ*ué%F&ﬁﬁFietPnF’é? RATGTLIAT AE GRIHI BT
of frames used by thehd rrmmnttmqnﬁ.rstsyloﬁ P4t e i onpect fmoxe teaffde chan-

| nformat i on perm “'{3.91 esz@&qE'i%t bBHnfl14 Nerd T RAYPRIToLEM LA deal-
exanpl e the nunber traf anpe

15 located .e. added to or removed from a data connection,

by the mob:.le services switching centre MSC, preferably

its call control unit 42, which then signals the informa-

tion on the allocated traffic channels to the mobile sta-

tion MS, preferably to its call control 32. From the point

20 of view of the invention, the procedure for allocating

traffic channels to a data connection, or the unit or

function participating in the allocation, is not essen-

. tial. As far as the invention is concerned, it is only es-

sential that the receiving party B (IWF or TAF) is either

25 directly or indirectly provided with information on delay

D being used, for example information on the grouping of

frames used by the transmitting party A at each specific

time, or information permitting the deduction of the frame

grouping used, for example the number of traffic channels

30 allocated to the data connection. In the example shown in

Figure 2, the call control unit 42 transmits information

on the nominal transmission -capacity used at each specific

time to IWF and the call contrcl unit 32 to TAF. IWF and

TAF will adapt delay D according to the transmission capa-

35 city in use. Alternatively the parties to the data trans-




30 ° allocated to the data connection. In the exanple shown in Figure 2,
the call control unit 42 transmts information on the nom nal transm ssion
capacity used at each specific time to |W and the call control unit 32 to
TAF. W and TAF will adapt delay D according to the transms lon capa- 35
city in use. MOMWIMi vely the parties to the data trans-  FTIANE%BPon nay
negoti ate, for exanple, about the length of the delay tinme. Figure 3 shows
a flowchart illustrating an ex- anple of a procedure with which the del ay
according to the 5 invention may be realizgd in a term nal adaptation
func- tion TAF or an interworking function IW. In Figure 3, FNis a frame
nunber obt ai ned frona;a;sﬁeﬁemwdnfe@aaﬁatac f6r aekamplte C G ; tidl éhditsh 8of
del ay according to téi% Ry ?{;t i.e. Dframes. In the exanple 10 of
Figure 3 it is assune tdha e correct frame transm s- _sion and reception
order conforms to the frame RS ihFPWe & fdososharke iddnateahingt #one¥s

initialized or the tampiencfta rpgqmduyechmigemﬂdhetgeodgia}g actioerdieg tei t/lneng

party B recei wes i nfjoia8 f
which it may \éfducelthe E}Lgﬁ IQnﬁg‘%a,nd el aézglq{galieargmhg ﬁgﬂgereg?ﬁ tra f|c
a

channels. In step 3% ¥R ELRY 1P I¥E 302, frame FN is
received. In step 303 |t 1 sl iRighee Bp Biteld fa firemé rmmbexpobiansed from a

i nformation indicat lx%efs.béa Ehime 20pc 1s'§ EPSnd asdurdtedTe £ tdﬁeléiaé ddelay
connection. If yes, recep;_tion is ended _in step

0 ng
the end of a connecfSHT ﬁga’f? etrhr?atlf’\’)'«?f")"/lﬁﬁ r ot 3)(;’:5'9‘3&‘ Fgﬁn?Q?Wéf
in a data frafe. |fofhBigveerd ii& hetasswmdedashabnthe tdnrnestkt fsaep PEansmigs

305. In step 305, ilibh &h&Ckask ﬂoﬁeeraérté&zfd@@ t&uaherfféln@fnﬁrﬁ&rmg
received franme is the readln]gn eafra nter EC increase

FNis not FC+l, frame FN was no’?t rpeceolo\ie |n 58 FPghee ’l’((’:férlsl:'r‘\n%/ﬁ%'e’tzf‘;e

or the transmitting party changes the grouping. The re-

ceiving party B receives information on the grouping or

15 information based on which it may deduce the grouping and
. delay D, such as the number of traffic channels.

' In step 301, a frame is anticipated and in step

302, frame FN is received. In step 303, it is checked to

see if the frame contains information indicating that this

20 is the last frame of the data connection. If yes, recep-

tion is ended in step 304. Information regarding the end

" of a connection may alternatively be received by other

means than in a data frame.
If the frame is not the last one, the next step
25 is 305. In step 305, it is checked to see if the frame
number FN of the received frame is the reading of the
frame counter FC increased by one. If FN is not PC+1,
frame FN was not received in the right order. In this case
frame FN is added to the list of unacknowledged frames.
30 This list includes all frames that have been received but
have not been acknowledged to the transmitting party A as
they have arrived in the wrong order. Step 313 is followed
by step 314.
In step 314,-it-is checked to see if the frame
35 number FN is higher than the sum of the frame counter FC



frame FN is added to the list of unacknow edged franes. 30 This |ist
includes all franmes that have been received but have not been acknow edged
to the transmtting party A as they have arrived in the wong order. Step
313 is followed by step 314. In step 314, it is checked to see if the frane
35 nunber FMO%6B3¢1549her t han the sum of the frame count er PCI/FI96/a036tand
delay D according to the invention. If FN > FC+tD, the duration of D franes
has el apsed since FC+1l shoul d have been received. Consequently, the next
step is 315, where party B sends a retransm ssiqQn request for frame FC+1l to
5 party A Thereafter follows step 301, where a new frane is
anticipated. If FN | ] I C di e cleny¥enti a

not yet el apsed, and f%lderdeeﬁg?gnt %g@oxgc%r@gg%gﬁgé %%%&‘%%Pe% ﬁgwgffgﬁ%' istshe
anticipated. If the f$HRFRENGE Drframee, pa nei?gie‘io%%m’r? FCHlp should dave
frame was received i rbasme neicglivedr déensachentdyt Shepnexst 39fep wherF 8 hashere
frame counter is increasgdebkeals: a ThefrdadntibsBosend agdon t
frame FC (equalsto F'}Dartto ar,h%/ A égext iﬁ%Steﬁ;— 3086“‘3&":%01(%&% e {101‘:%‘(
see if 15 £7 anes FFt Ron R IREAGESE HPL LAV IBNSRI Alhe dhsEeBsTeY EaRe is
the process returns tanticdpaged. t SEaflVi of pBEePa beey feday. abtoydingt ho rovet
step is 309. In step i3dntdocs NesK rict %ﬂ%i&%s‘é@‘? hha ferR forelehs Alkd R ep
list of unacknomﬁedgﬁg 55§n9§he}£ Aot %he 0, H95ess returns to step
301 to anticipate a frame’| 1o5es 2 OFY RERPC 12 PR S3RBE%En step 310, the
frame counter FC is increasedit dfp tiramepaumpen EBnelsFGrl dok ralveire 3@Snedt. eof
frame FC+1 to ymrty Abenframe Wdd Pedkive@\yas theafBgltCdrddrOMuHe rebs! s2ap

of unacknowl edged Tragegoen Ghen 12 cIDRLALLEIINE Bro: 6888 W PIULNS b0y

step 309. Delay D may also’ be ned~as er re
party B sends an acknowledgement of frame FC {equal to FN)
to party A.
Next, in step 308, a check is made to see if
15 frames exist on the list of unacknowledged frames. If not,

the process returns to step 301 to anticipate a new frame.
If yes, the next step is 309.

In step 309, a check is made to see if frame FC+1

is on the list of unacknowledged frames. If not, the

20 process returns to step 301 to anticipate a frame. If yes,

the next step is 310.

In step 310, the frame counter FC is increased,

. and then party B sende an acknowledgement of frame FC+l1 to

party A in step 311 and removes frame FC+1 from the list

25 . of unacknowledged frames in step 312. Thereafter the pro-
cess returns to step 309.

Delay D may also be defined as a number of re-
ceived frames. For example, a fixed delay time D = 30 ms
may be defined as a period of time during which seven TDMA

30 frames are received, i.e. the retransmission request will
be delayed for seven TDMA frames. The delay is measured by
counting the received TDMA frames.

Instead of a frame counter, a timer, for in-
stance, may also be used to measure the delay time D from

35 the instant when a missing frame should have been re-



ceived franes. For exanple, a fixed delay time D= 30 ns may be defined as
a period of tine during which seven TDVA 30 frames are received, i.e.
the retransm ssion request will be delayed for seven TDVA franes. The del ay
is measured by counting the received TDVA frames. |nstead of %
counter, a tinBP%PHYin- stance, may al so be used to neasur Q’? ay
time D from 35 the instant when a m ssing frane shoul d have been re-

16 Clains 1. Adigital data transm ssion systemconprising a transmtting
party (A), a receiving party (B), a non- transpgrent circuit-switched data
connection (V.110) be- tween the transmtting and receiving parties, and a
data flow control geitat.ofhei bimewiimg started wissi cheohisshtq firameedsi dea

gi ven order on the dadd &PNNECIHHY miGReekK Fdahbe 18 48k 2bckeeehVBdrdad athe
frames, based on orq: inforna- ti

acknowl edgement of proper efpfﬁsgfvg‘ﬂl%%%%ﬁgﬁeg)’aﬁdr?té’fmségfloﬁeg?e“
erroneous or n ssingiRi@ent tenrperty R.alf the wigsing framed ipnrepaivedcbe-

transmtting Farzé) (ﬂ&recadh;t Qliﬁt@&-aékbyrﬂé owutm dﬁ}l&yf DIean AdfnbRBbagde
receivin ar O | S r ase e
Pon i ol uded Y BRoBREE 9 Bak A 80, BRevEEs B Refrd éhﬁe

i nformation include 't stuccess’|
retransni ssion requédt ¥rthecbagisiidealaeh ‘Fh%ménwlﬂwtai nitrbés dﬁp@hﬁmt

on the groupi ng of daietHexraBRe &Rl ofhe ﬁéﬁ%ﬁiﬂﬂmbbmenpﬁéédésﬁlspdéyﬁ&m

as claimed in claim c r t el z hat aid delay is
such that the receiv- |angfgsguret§/&(‘%er t\:}gé a §5f?+$(:1-ihent n%rr‘r’ﬁer of data

franes to enstfe that the ni %?%&%‘LQQ Fhﬁr@‘f@tﬁ@ﬂﬁ pag &heam eppilained with
same group or in theefexengeotp. cartAisyenboditentsi e will|Bée NMuiddeFstood
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g J%anges and modifications may be made to the presented

embodiments without departing from the spirit and scope of
15 the invention set forth in the appended claims.



delay is approximately equal Jto epggpr_p‘or_@ SHENTS ane8G 4. |A system as
claimed in claiml, 2 or 3, haracterlzedlntatthedata
transm ssion systemis a mult |Eﬂ)DeSfalott,@sspa§§%|--l-e--é‘b %TI on system where
a data connection conprises ¢ Clj‘;;ﬁ(fsflc ;ﬁga@n.e‘]" (t@bégedm: 2 plurality of
traffic channeM® 686154 chn) or\;:?I B?W"Slﬂé> 1%%9 ...."’.‘D% bQé’éd S gqqﬁg?qqézéo

I nvol ves sending data franes traffic _chanrells, and that said
REPL ACEMENT --SHEET- 17m 11 B BPgach d%ﬁgédrrané?rfé%‘? oSyt em conpri si ng
atransmttin recervimg party (B)., & non- 57 transparent
circui t- m& nect I on between the transmtting and receiving
parties, M sl OW con- trol protocol ifg@msl Ng transm ssion of data
frames in a preset order on the data connection, checking the order of
received data frames, based on order information included 10 in the
frames, acknow edgenent of prbpdtgitedcdrtadtuarsmisHints syghgm comprising a
retransm ssion of erteafeustOIind fatty dma fal ap@Seivihgh partyd (B}, €al dom-

e dorh that sthe \CansaMid 00 OAULALLS LEDROE jcytfapaé&tg, o, £ne

groupi ng the data f r ames receivi E
tecting a nissing datZapPEikting And JiecEiNEng| E?PB ﬁﬁ‘h o rﬁ%l‘i&fiﬁi £3P% &P n
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frame has not been s Ia| ey
claiml1, c har a cre"?llée‘? 431'-2 Erames. t haged £ 1P§°§%W‘?’ha"tn°tlﬁ’éied

receiv- ing paoty (Blinrebei eames suddkmivaridgensher off pzlapar]fy araxre ived rddes
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roup or in one of e next roups . Syste as cIa In claim1
gr 2pchar- frames, c.ha g per:.zeg] !hat the trans-

mitting party (A) is temporarily capable of grouping the
data frames, and that the receiving party (B), upon de-

is tecting a missing data frame, based on order information
included in two in succession received data frames, is
arranged to send a retransmission request for the missing
data frame with a delay ensuring that the missing frame
has not been sent later.

20 2. System as claimed in claim 1, charac-

terized in that said delay is such that the receiv-

ing party (B) receives a sufficient number of data frames
in order to ensure that the missing data frame is not re-
celived later in the same group or in one of the next

25 groups.

3. System as claimed in claim 1 or 2, ¢c har -
acterized in that the transmitting party (3a)
sends the data frames in groups of N frames, and that said
delay is in the order of N frames, eg N frames.

30 4. System as claiwmed in claim 1, 2 or 3,
characterized in that the data transmission
system is a multiple access mobile communication system
where a data .connection comprises one traffic channel
{chl) or a plurality of traffic channels (chl-chn) on the

35 radio path, and that said grouping involves sending data
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acterized in that the transmtting party (A) sends the data
frames in groups of N frames, and that said delay is approximately equal to

a duration of N franes. Systemas <claimed in claim
s cadodatn ¢ ﬂlllllllﬂlllullﬂﬂllllmi | hat “the data tr anscmmémemyst em
is a nultiple access nobil € cénrlini tats on system where a data connection
conprises one traffic channel (chl) or a plurality of traffic channels

(chl-chn) on the 35 radio path, and that said grouping involves sending
dat a 1 8 franes via N parallel traffic chamﬂels, and that said delay is

approxi mately equal to a duration of N franes stemas clgined.in ,
claiml, ¢ h ar a &ramgsgvia N pagpllel py agﬁ’rcﬂ 8% rg[% d@ﬁ‘gng'g’ﬁ*[t diti%he
5- groupi ng of tﬂeldnthsfixartée @sédrbyftMeftmmegthgrpmﬂsy. 6. System
as claimed in claiml, ¢ h & &dtem laf Eldided ghi@lgi},atlsagdhdglgyaié -
defined as a nunber of receive rarre

claimed in claim1, ®%c®n¥atr? £ g}"a% padd, delay, 38 Spaéii?i?@ gn the
defined by coénti nggrh'epiMeiOfecther afdeta Fragpst csmesd byaithed transmitgfinde
claims 1 to5 c h gagtg.Ct er i z e din that the transmtting party 15

Is a term nal adaptatlonfu ti TAF ide a tjon, dthe

receiving party is an i nter\r/]\ag lﬁ‘?ﬁ %ql%hﬁ “ﬁ?ﬁ .l n%alr%biﬂ e gfc;)'m"runl cation
network. 9. System &sectal e idh a8y thatt paid| dphdY 118 Aefined, as ra pynhex
ri zedinthat tBe recemwad thrageparty 20 is an interworking function
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terize in that the delay is defined by counting
the received frames.

8. System as claimed in any of the claims 1 to 5,
characterized in that the transmitting party
15 is a terminal adaptation function (TAF) in a mobile sta-
tion and the receiving party is an interworking function

(IWF)} in a mobile communication network.
9. System as claimed in any of the claims 1 to 5,
characterized in that the transmitting party
20 is an interworking function (IWF) in a mobile communica-
tion network and the receiving party is a terminal adapta-

" tion function (TAF) in a mobile station.
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