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Non-transparent data transmssion, in a digital telecomunications

system Field of the Invention 5 : ~The present invention
relates to -non- transparent data transmssion in a digital

t el ecommuni cati B@P686id6 em in particular in a radio interfacePCE/Facemess | e.
communi cati ons system Background of the Invention 10 - The

problemin transmission over transm ssion channels that are sensitive to
interference, such as the radio path, is often ihe poor quality of the
transm ssion. Al though several standardi zed end=to-end data services are

actual |y provided w i hyBhCokaddhrent CHEC! | OLARALATERS: AT CD g,y

applied either to the entire -1 0-end connectron or tTo sone segnen
the transnission path, HEABSEMPREICEILES 4P ¥SHIL| gned for error situations
that are typical of fixed lines, but they are 1inadequate. or unsuitable

for special 20 CQ’EQ!I.%I'%F SYelefBidd 2 radio link. Therefore, it has
been necessary to inplenent dedicated error correction solutions within the

mobi | e conmuni cations system SNce PRSNG| elngenkipsn ixelaggst atfie foenal |
data services, there ateassypereit typhtaof aranemiseivn 25 in  4vai bagi€al

. g. [ th . ' i gati : .
Chose connections may b acoitihicatibhs | sGRPEHY 38" SBRRILE ETM. ARRLo
error correction is carPEeBERRR fopeMpbhle RogpUndratiohfhystem.

Background of the Invention
10 The problem in transmission over transmission
channels that are sensitive to interference, such as
the radio path, is often the poor quality of the
transmission. Although several standardized end-to-end
data services are actually provided with error
15 correction protocols, which are applied either to the
entire end-to~end connection or to some segments of the
transmission path, these protocols are designed for
error situations that are typical of fixed iines, but
they are inadequate or unsuitable for special
20 ~ conditions, such as to a radio link. Therefore, it has
been necessary to implement dedicated error correction
solutions within the mobile communications system.
Since no single solution is suitable for all
data ‘services, there are several types.of connections
25 available e.g. ini. the pan—-European mobile
communications system GSM, and these connections may be
divided into two classes. In the first class, error
correction is carried out solely by means of channel
coding, which in the GSM system is termed as Forward
30 - Error Correction (FEC). In the GSM recommendation this
is termed as a transparent transfer mode, which is also
abbreviated with "T". In the second connéction class,
in addition to channel coding, an additional protocol
is applied, with retransmission of data which has not
35 been received correctly at the. other end. In the .GSM



coding, which in the GSM systemis ternmed as Forward 30 Error
Correction (FEC). ln the GSM recommendation this is terned as a transparent

transfer.node, which is also
class, in addit wowsssieehanne

odi ng, an addi ti onal:gr ot ocol PeT/EPMO2SY,

with retransm ssion of data which has not 35 been received correctly
at the other end. In the GSM W96/ 36146 )
PCT/ FI 96/ 00259 2 systemt hi s conmuni cation protocol is termed as a Radio

Li nk Protocol (RLP),

and this data transfer- node is referred to as

non-transparent asynchronous data transm ssion ich i,s also abbrevjated
Wen T e s YT YRR RS RPN AN e blbEd 4% Bried R A RAGES
transm ssion. In the 1dsk- Prafepel efRLPhsydrtr i daka atrangian suedm dver
a circuit switched conwefersed déd a ds iMcRrEFahbpsrditOMaBynichRdibhisi NGata

partly Ato a 10
channel coded for the
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t hat
transmission over a circuit switched connection, data

is transmitted from a transmitting party A to a
receiving party B in RLP frames. The RLP frames are
channel coded for the duration of transmission, so that
the errors caused by the transmission channel can be
corrected by the receiving party B in a channel
decoding. In addition to the actual user data, RLP
frames also contain error correction bits, by means of
which the receiving party B can detect the errors that
have not been corrected by channel coding. Each RLP
frame is also numbered, or the order of the frames is

‘indicated by another kind of  identifier. The

correctness of each received frame is tested .at the
receiving end. If the frame is detected to be correct,
the receiving party acknowledges the reception by using
the frame number. If the frame is not detected to be
correct, a negative acknowledgement is transmitted.
When the transmitt{ng end receives a negative
écknowledgement, or no acknowledgement at all, the
transmitting party A re-transmits the RLP frame a
predetermined number of times. The total number of the
retransmissions is limited in order to avoid endless
transmission loops in a case of a very poor connection.

The RLP frames are stored, i.e. "buffered" at

" the transmitting end until they have been acknowledged,

s0 that they are available if re-transmission ' is
required. In order to 1limit the amount of buffering
required, a sliding window is employed in the RLP

bbreviated with "T". In the second connection



have not been corrected by channel coding. Each RLP franme is al so nunbered,
or the order of the franes is indicated by another kind of

identifier. The 20 correctness of each received frame is tested at
the recéiving'end. If the frame is detected to be correct, the receiving
party acknow edewsegisgfer ecepti on by using the frame nunber. | pcrigpshiase is
not detected to be correct, a negative acknowl edgenent is transmtted. 25
Wien the transmtting end receives a negative acknow edgenent, or no
acknow edgenent at all, the transmtting party Are-transmts the RLP frame
a predeterm ned nunber.of times. The total nunbé "of the retransm ssions is
limted in order to avaoid endless, 30 trans sion |l oo in a.case qf a
very poor connection. PHEHRCALrr SARE, Jfhe S‘EW&T‘:I R pﬁﬁ’?é SRy franpmit
transmitting end until seweralav8LBeefiramghowiefdged, ano ackeewligdgemente is
available if re-transydiSireB £hém! €8I ¥biviiRgOpdetyt®. |di¥ide R AR
of buffering 35 reqylned,thg slhd%gg mﬁpdomils E@ﬁ%o ed in thetR%Pb
W06/ 36146 passing throug channel CopCHy FroB/ (255°5teC OY
protocol . Thus, %¥he tr aweanst vfngephraysmisasdpnt ointhet detectise BIP (frames,
before an acknow edgenmerdyrpdusequidpgikitiy®@m thiest eCBeVi Neseaived B. £63 nceet-he
errors passing through érg%s?ngggggﬁ. Ql%q.lsnﬁegrl;se t(i'!%rtr gﬁé ecgatbay rate of the non-

transparent connection is higher than the nominal data

rate of the user. In a case where a channel has a

10 relatively high quality, that is, when there are few

errors passing' the channel coding, this surplus

capacity allows a sufficient number of re-transmissions

without the actual data rate of the connection falling

below the nominal user data rate. When the quality of

15 the connection becomes poorer, the number of defective

and lost RLP frames, and thus the number of re-

transmissions increases. On extremely poor connections,

buffering of the RLP frames, as well as flow control

must be employed, which limits the amount of incoming

20 data from the user to the transmission buffer. This

means in practice that the actual user data rate is

lower than the nominal user data. rate, i.e. the
throughput of the connection decreases. '

o | It is thus a problem associated with a poor

25 - transmission channel _-__that when the number of re-

transmissions increases, the throughput of the

connection drops below the nominal user data rate. If

the number of re-transmissions further increases, and

the maximum number of re-transmissions set for the

30  connection is ‘reached in some frame, it results in

. resetting of the RLP protocol, whereby parties A and B

reset their internal variables related to data

transmission. In <corinection with RLP resetting,

' . information loss may occur, and the continuity of data

35 thus cannot be guaranteed. Data transmission is



5 means of re-transm ssion of the defective RLP franes, "surplus
capacity" nmust be reserved for re- transm ssion. This neans that
the data rate of the non- transparent connection is higher than the nom nal
data rate of theyyg@derss! N @ case where a channel has a 10 PCTHIR002s8 | Y .
high quality, that Is, when there are few errors passing the channel
coding, this surplus capacity allows a sufficient nunber of

re-transm ssions without the actual data rate of the connection falling

bel ow t he nom nal user data rate. \Wen the qual 4ty of 15 t he

connecti on becones. poorer, the_nunber of defective and |ost RLP franes,,
and thus the nunber dFaGEicplilisHPRRTGINLS 48r £88BLP (Feesd reHate pathich

connections, buffering efusese rBl&asingrche eonnettias fl ow control nust be
enpl oyed, which [imts the armu%eoéff&q__oglfng é&ﬁ ttrap%ﬁ&{&?%m‘e‘isﬁ{agt o]
I C a e actual user da :

the transm ssion buffer. This neans~Tn pract a |
rate is |ower than thee reduged bysehanging a betéer rhannel rroding aphsme

<2)f the connecti of decr e@xesthd t conrfedtivh, a provhtied gasocithabed areh seveaal
5 transm ssion chann t . Nu # -
LR, coiths WIEN-AR s ol B eng, syetem o,

transm Ssions i ncreases, connecfti

the nomi nal user data rixtde. Yhe tehamadeFodMmgr sghemgs FESsiwied fipt RRe GSM
i ncreases, and.the naxisgstemuiBeconfoletiomading) onbosetefilcildney3fay be

connection is reached i&ﬁ%@%egraﬁe’te b3Syl F&d%lhﬁ%gﬁtkgg?%arttﬂﬁ %’g,_
pr ot ocol, V\/nereba/ parties A-and B rese their internal varrables relatedto
dat a 1 which indicates that in channel coding, X data bits are
represented with Y code bits. On a full-rate GSM
traffic channel, for instance, the convolution code
ratios corresponding to the user data rates 9.6 kbit/s,
4.8 kbit/s, and 2.4 kbit/s are 1/2 (1/2 is a so-called
15 buffered ratio, i.e. the ratio is not exactly 1/2), 1/3
and 1/6, respectively. On a half-rate traffic channel
the corresponding convolution code ratios for user data
rates 4.8 kbit/s and 2.4 kbit/s are 1/2 and 1/3. Taking
into use a better and more efficient channel coding
20 scheme thus requires lowering the nominal user data
rate. '
" Disclosure of the Invention
| An object of the invention.is to improve the
throughput of non-transparent data transmission in poor
25 - transmission path conéitions and maintain the nominal
~ data rate and/or the coﬁnection in conditions in which"
prior art non-transparent data transmission fails.
- ~This is achieved with a method for non-
transpatent data transmission in a digital tele-
30 communications system, comprising the steps of:
establishing a non-transparent data connection having
a nominal data rate, a first transmission capacity and
a first channel coding scheme; transmitting data over
a non-transparent data connection in data frames using
35 a communication protocol that acknowledges the



transm ssi on. In connection with RLP resetting, information | oss may
occur;, rand the continuity of data 35 thus cannot be guaranteed.

Data transmission is WD 96/ 36146 :

PCT/ FI 96/ 00259 4 practically inpossi-ble in the RLP reset -state, which
causes rel easi ngwo$smép@nnecti on. The effect of a poor transm yeremsoéRannel
may be reduced by changing a better channel coding schene 5 for the
connection, provided that there are several channel coding alternatives
available in the system E. g. the channel coding schene FEC used in the GSM
systemis convol ution codi ng, whose efficiency y be expressed in ternms of
a convolution code ratig X.Y,: ngdi cates_t n_channe

0 whi,ch i |
coding, X data bits are ?‘é?)’r‘f nECRETSFY hd?'b‘ﬁo ess, an re?'tFﬁme?‘ﬁ?etb&M
traffic channel, for i neecaiced t defeahivel udaten foakesiat buffemngaspbedld@at o

the usér data rates 9. Of kdhidd Sto4p8 ki¥an/shitoed 3.n4 d‘btféésrﬁrs%l%z Kulf fe

a so-called 15 buffered rati,o

1/ 1/ 3
and 1/ 6, respectively. TR & F%ﬁﬂmeFE?Q gag %ﬁePOt éﬁ%ﬁﬂﬁf

convol Ution codeSr at i osbyfffensigy qﬁﬁeaQﬁnpn$S4b8ekwettsanﬁmnsaimnkbmmtelam@
1/2 and 1/3. Taking intgckifswiadgtinbst 8RdsiBEEs&fdl Crésdptaltannel £l Red20

schene thus requires | ayerin etnregogojrg nc%arac%ergzeél by
monitoring the throughput of the non-
transparent data connection on the basis of the number
10 of re-transmissions,
requesting more transmission capacity and a
more efficient channel coding scheme for said data
connection if the throughput of the data connection
drops to a predetermined threehold value.
15 The invention further relates to a
telecommunications system in accordance with claim 8.
In the invention, the quality of a non-
transparent connection is . monitored, and, if the
- quality of the connection falls to a specific threshold
20 value, a more efficient channel coding scheme is
changed for the connection. More channel capacity is
simultaneously allocated for the connection, however,
in accordance with the chosen'channel coding scheme so
that the original nominal user data rate ‘can be
25 maintained unchanged 6; nearly unchanged. A half-rate
traffic channel, for instance, may be changed for a
full-rate traffic channel, and a more efficient channel
codiﬁg scheme may simultaneously be taken into use.
Correspondingly, in a system in which a multichannel
30 connection can be uséd, the number of the channels may
be increased so that a more efficient channel coding
scheme may be taken into use without reducing the
nominal data rate.
' ‘ In an embodiment of the invention, the present
35 channel coding scheme and channel capacity . are



rate. Disclosure of the Invention An object of the invention is to inprove
t he throughput of non-transparent data transm ssion in poor 25

transmi’'ssion path conditions and maintain the nom nal data rate and/or the
connection i n copdisBémes in which prior art non-transparent dp&fr9s/00259
transm ssion fails. This is achieved wth a nethod for non- transparent
data transm ssion in a digital tele- 30 conmuni cati ons system _
conprising the steps of: establishing a non-transparent data connecti on
having a nominal data rate, a first transmi ssiofi capacity and a first

channel coding schene; trapsptting data over a _non-transparent data
connection in data frafEs"a8H 3§gf %heﬁe c’lc’ﬁmﬂ‘ﬁ cB3P¥®n ‘Rﬁ‘me&colcapﬁﬁ%-‘/

acknow edges t he WhaddaBbd460ne or more new attempts are made for

recei ved def ect i ve. dat arfrouelid P heS) eﬁéﬁ’?ﬁf;g??’gc??%ﬁéﬁ o ansifa. the o
recelv b ]
in a transmission buff EP2RBEH GRS ?Fbﬁ'g?ri %f eigualitaRE ithe gonnection

transmssion 5 5 bufitestill pase aftep]osaspbééetmﬂrmdswh_mim,t_imet.! Enasn
acknowl edgenent of -SUCERBSANhed© CAPLhANLhTed iR,V efle dfifhild]/¥AiRY beheme
characterized by moni t(.:‘l).rsI 2 anée fotrhraleJn rgmeffi?ciergt eonenca)trll].:l:hough there is
no more channel capacity available after the new
attempts either, if the throughput of the. connection
10 ~ -still falls below the predetermined threshold value. If
the conditions of the connection improve, the surplus
channel capacity may be removed from the connection and
the original channel coding scheme may be restored.
This releases channel capacity for other connections.
15 Brief Description of the Drawings

In the following, the invention will be
disclosed by means of the preferred embodiments with
reference to the attached drawings, in which

Figure 1 illustrates a part of a mobile

20 communications system in which the invention may be
applied on a single-channel non-transparent connection,

Figure 2 is a block diagram showing the
functional .units of a single-channel non-transparent
GSM traffic chanriel"in different protocoi layers,

25 Figure 3 showls,_ a L2R PDU,

Figure 4 an RLP frame,

Figure 5 illustrates a part of the GSM mobile
communications system in which the invention may be
applied on a multichannel non-transparen{: connection.

30 Preferred Embodiments of the Invention

The present invention may be used in all
digital data transmission systems on a ndn—transparent
data connection on which transmission errors are
corrected, in addition tb channel coding, by means of

35 a transmission protocol that re-transmits the frames




transparent data connection on the basis of the nunber 10 of
re-transm ssi ons, rgquesting nore transm ssion capacity and a nore
efficient channel coding schene for said data connection if the throughput
of the data connection drops to a predeterm ned threshold value. 15

The inventi onWO%Gp6idier relates to a tel ecomuni cati oPSCTEFYSH08259 | n
accordance wth claim8. In the invention, the quality of a non-
transparent connection is nonitored, and, if the quality of the connection
falls to a specific threshold 20 val ue, aﬁgn efficient channel
coding schene is changed for the connection. re channel capacity is

si mul t aneously al | ocat eghd Opa48€s cgﬂge%tcttgg RAWEY &fat el nt@c&g&ga%%gow t
t he chosen channel codin ﬁene ¢ ﬁe or i nom nal user data
rate gan be 25 éhﬁQ%lnéﬁténEﬁEﬁg%H the %ftEHEhSﬂgEﬂ.i?F?%ﬁqRqﬁﬁea
traffic channel, for i mnetemdhe gaglbey daruped cboneatiarn becatnes poafér C
channel, and a nore efficient C'?ﬂ@;ﬂes@i‘ﬁ' Qﬂvmlg@ﬁﬁamg F@Hﬁlﬁ’aﬁ%

, ﬁ@ nel 30

t aken i.nto use. rrespgndl |y AT érgml Cg ﬁg abgnU|$|’c9 cF%t"r'F
I at

connecti on can b® used,
a nore efficient channernmmoig.bctmmumyabmnmksyshmo ssehwiashdie pan-

reduci ng the nom nal daggrdalad: &ibﬂblenﬂeﬂif@mcoﬂfnuﬁ{‘&ﬁf&f@“ 5P8ceh NGy,
present 35 channel co ng(Di itgf and channel %§a0|ty are

DCS18 Communication ysten), mobile
communications = system in accordance with EIA/TIA
10 Interim Standard IS/41.3, etc. The invention will be

" disclosed below by way of example of the GSM mobile
communications system, but the invention is not limited
thereto, however. The basic structure of the GSM system
will be disclosed briefly. below, but no closer

15 attention will be paid to its features or other aspects
' of the system. The GSM system is described in more
detail in "The GSM System for Mobile Communications”,
M. Mouly, M. Pautet, Palaiseau, France, 1992, ISBN:2-
9507190-0-7, which is incorporated herein by reference.
20 A mobilé services switching . centre MSC
switches incoming and outgoing calls. It carries out
tasks similar to the exchange of the public switched
telephone network (PSTN). In addition,'it also carries
_ out functipns typical of mobile telecommunication only,
25 such as location méﬁagemént of the subscribers in
cooperation with the sﬁbscriber registers (not shown)
of the network. Mobile stations (MS) are connected to
the MSC via base station systems BSS. A base station
system BSS consists of base station contréllers BSC and

.30 base stations BTS. _
The GSM system is a time division multiple
 access system in which communication on the radio path
takes place in successive TDMA frames, each of which
* . consists of several time-slots. In each time-slot a
35 short information package is sent in form of a radio

’
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mai ntained if there.is no nore channel capacity available. One or nore new
attenpts are .made for increasing the channel capacity and changing the
channel codi ng woegws1dsf t he quality of the connection 5 PCI/Fd6iobdse POOT °
after a predetermned waiting time. In an enbodi nent of the invention, t he
channel coding schene is changed for a nore efficient one although there S
no nore channel capacity available after the new attenpts either, if the

t hr oughput. of the. connection 10 still fall8 bel ow the predeternined

hreshol d val ue. |f the condi tions of th conngct i on rove, the surplus
Lhaﬁnel capacity may bettSIHSPEY PREH: MRy egﬁhgﬁﬁﬁﬁﬁ ?é?EQQQ GPFg??Eﬁlé%lng
channel coding schene nefy abgreeptaft edduThted telteasthe chiamrallotapare tmaifmy
ol Lo 13, the 1 mvent| o L1 be B o ot by Eore of s falt) dparsic
i nvent i W
e?mogymrrggis vmeth rgfere%lfaemte& l'he %@%gacdr%nﬁ‘& Sej ns%ﬁcﬁ"n Prgufata is.
illustrates a pa®t of arassmisted. On copbrmoliuleanedss sigiadhing idicdrtiee
i nvention may be appl i e&imorbécw%bagltﬁecmeaegtaeﬂoﬁrm%&%ﬁﬂ@%&ﬂ%

I 0

Gl S6l o- ahiannel "non-t - ar g URAOBLFE PSR MERoAn] Fhe FRSHe nGaRsiaseor?
| ayers, 25 - the BSYuspsBem rowes dafi®i P closer detail in the GSM
recommendation 05.02. In the operation in. accordance
10 with the recommendation, one time-slot is assigned to
a mobile station MS as a traffic channel at the
beginning of the call (Single Slot Access). The mobile
station MS is synchronized .with this time-slot for

transmitting and receiving radio frequency bursts. .
15 In the GSM system, a data connection is
established between a terminal adaptation function
(TAF) 31 of the mobile station MS and an interworking
function' (IWF) 42 of a fixed network (usually
associated with the MSC). A data connection is a
20 circuit switched connection, which reserves one (or
' more) traffic channels from the radio interface for the
'duration of entire call. In the data transmission of
the GSM network, the data connection is a V.110 rate-
_ adapted, V=24 interface-adaptable, UDI coded digital
25 7 full duplex 'connectién',_ A V.110 connection is a digital
" ‘transmission channel that has originally been developed
for ISDN technology (integrated Services Data Network),
which is defined in CCITT Recommendation Blue Book
' V.110. A terminal adaptefion function TAF adapts a data
30 terminal TE connected to the mobile station MS to the
V.110 connection, which is established in Figure 1 over
- a circuit switched connection that employs one traffic
channel chO. The interworking function IWF adapts the
v.110 connectipn_to some other V.110 network, such as
35 ISDN or another GSM network, or to some other transit



Figure 4 an RLP frane, Figure 5 illustrates a part of the GSM nobile
comuni cations systemin which the invention may be applied on a

mul ti channel non-transparent connection. 30 Preferred Enbodi ments of
the Invention The present invention.may be used in all digital data
transm ssi on sys#cegBe@® a non-transparent data connection on WOT/F96/00259
transm ssion errors are corrected, in addition to channel coding, by neans
of 35 a transm ssion protocol that re-transmts the frames WO

96/ 36146 PCT/ FI 96/ 00259 7 and
causes the actual data rate to drop bel ow the no¥i nal data rate or 1 he

poorer: The prosent i nvEREVSRET Suct AanFee BRPLRE, PRETG ereBigR8 Afor
tsrgtnzméssisgghaggl itﬁgt [ gﬁ&ﬂéﬂrgl gital CDVA or TDVA nobi | e conmuni cat i ons
M DOS1800 (Di gitalp mm‘:pqa,{wfgagtt?tf ea@?ﬁawguglmémwrate?ﬁg
system_ in accordance CWT?\C 'ﬂ/ﬂ[‘)i ggployed | Q erth gt 59' d jl%l
etc. The inventidn will reeumxsg:|t@seef5e¢mwfbyrwi@rsmaﬁﬁterefort keeceadio
nobi | e communi cations systRM Pyt the i Ementdyitems Rehvbiuties téedip, in
however. The basic Strugégggaégcét%iéﬁs%gﬁyStggﬁmendatlon 05.03 is employed,
and its efficiency can be expressed by means of a
convolution coding ratio, which indicates that in
10 channel coding X data bits are represented with Y code "
bits. On a full-rate GSM traffic channel, for instance,
the convolution code ratios corresponding to the user
data rates 9.6 kbit/s, 4.8 kbit/s, and 2.4 kbit/s are
1/2 (buffered), 1/3 and 1/6,-respec;ive1y.
15 : The non~transparent circuit ‘switched
connection between the terminal adaptation function
(TAF) and the interworkiné function (IWF) on a GSM
traffic channel comprises several protocol layers.
_ The terminal interface between the terminal
20 adaptation function TAF of the mobile.station MS and
the data terminal equipment, as well as the interface
between the interworking function IWF and e.g. an audio
modem MODEM comply with CCITT V.24, and it is marked
with a symbol L2 in the figure. Protocols that are
25 essential to the invehtion are L2R (Layer 2 Relay) and
RLP (Radio Link Protocol), which are both located
between the terminal adaptation function TAF and the
interworking function IWF at both  ends of the
connection. In accordance with the invention, the
30 connection also includes several rate adaptation RA
functions, such as RAl' between the terminal adaptation
function TAF and a CCU unit (Channel Codec Unit) placed
'in the BSS, RAl between the CCU unit and the
* : interworking function IWF, RAA between the CCU unit and
35 a transcoder unit TRAU placed separate from the base



will be disclosed briefly below, but no closer 15 attention will be
paid to its features or other. aspects of the system The GSM systemis

described in nore detail in "The GSM System for Mobil e Communi cat i ons", M
Mouly, M PauteWosigsméseau, France, 1992, |SBN: 2- 9507190- 0- PCTmES60H259 S
i ncorporated herein by reference. 20 A nobile services

switching centre MSC switches inconing and outgoing calls. It carries out
tasks simlar to the exchange of the public switched tel ephone network
(PSTN). In addition, it also carries out functi®fs typical of nobile

t el.econmuni cati on only, C S n of. .t he
subscri bers in cooper a?.’l’z%’cni?vr\}'t ﬁituthguBé%?%#er reggﬁqgggggd‘%ﬂo‘%“’s%%h" cffnld
the network. Mbobile statp®ndnteryorkiag: ofitreticar t BV heTHECr@te badaptatsitnon

systems BSS. A base stafumgtionst ®x BIS weFinadisiff cblsepstatiut it roy.lar s

BSC and 30 base st ati TS sSystemis a il i.Vi.Sl on
mul tiple access system %&1& ﬁcﬁcg%ﬁ?%:@é tg%tf'ﬁénr_g%f o@%at%ﬁ%aléélg pflhz?ce
in successive TOVA franekansopderonnihi BRAG okgsidatingr dnvESY| recommendstion| n

each time-slot a 35 ogsgort informati on package is sent in formof a
radi o WD 96/ 36146 _ CT/ E196/ Q0259
8 frequency burst having a fini F%f%j’u"r'ia“tiPé‘ntgﬁ‘d %%%stl’es?tnl ﬁate agaptedl aQ (%ge

radio interface RAl' has also been channel coded in the

way specified in GSM Recommendation 5.03. This is

10 illustrated by blocks FEC in the mobile station MS and

in the CCU unit.

The object of the invention is; however, only

- the L2R/RLP operation of Fhe terminal adaptation

function TAF and the interworking adaptation function

15 IWF and the communication between them. The other

lower-layer protocols, functions and units mentioned

above only provide a transmission path in accordance

with the GSM recommendations between the L2R/RLP units,

and they are not ;élevant to the invention ekcept for

20 channel coding. Therefore, they are not paid closer
attention to ﬁerein. .

' L2R (ldyer 2 Relaying) functionality for non-

transparent character-oriented protocols is defined

e.g. in GSMIRecommendation 07.02. L2R packs the user

25 .  data and status inforﬁgtion'received from the terminal

interface in protocol data units PDU having a length of

200 bits, -or 25 octets. A PDU is illustrated in Figure

3. The octets are numbered from -0 to 24, whereby octet

0 is transmitted first. The bits in octets are numbered

30 from 1 to 8, and bit 1 is transmitted first. An octet

in a PDU may be a status octet, a character (higher

layer data), or dummy bits. Octet 0 is aiways a status

octet. One status octet contains 3 bits: SA, SB, and X

for the status of the V.24 connection, and 5 bits for

35 indicéting the number of the data octets subsequent to



of a group of nodul ated bits. The tine-slots are nainly used for
transmtting contral channels and traffic channels. On traffic channels,
speech or data is 5 transmtted. On control channels, signalling is
carried out between the base station and the nobile station. The channel
structures usedwowspkmeér adi o i nterface of the GSM system are RETFIEA025H
closer detail in the GSMrecomendation 05.02. In the operation in
accor.dance 10 with the recommendation, one tine-slot is assigned to a
nobile station M5 as a traffic channel at fhe beginning of the call
(Single Slot Access). The nobile station M5is Js:'ynchroni zed with this

tinme-slot for transm ttﬂhrég s@ggué STof<TR ngsr Qgif ;% esg,lé%@%ydggafé&lo}é such

In the GSM system data  connec
ternminal adaptation fLﬁ?ct‘P’én SpAK) 1%W-of I’E‘hé'lﬁb‘lSPI Srst 3E3YHE VBChRE 4h is
-interworking function fd1\Mbwed4By Of data békethk iretwirich theuswoxd yesM" is

associated with the Vh\/,%%%ed ng)géaft%(}nge%ho&a w3 q,c?gt 4 oﬂ&,}gﬂt

swi t ched connecti on, Serves one annel s from
the radio interflce for the durbfRonPRN’ %nta}rree d’élcl e Frnf'ﬂe Bat rame in
transm ssion of the GSMdwirdahte Whehdeha Rnen@eotooo\l,l swiaidh 11€ shben in

adapted, V-24 interfac adz%%talale Hgl ﬁ?ged?géggéﬂ 33 flj.lgPl le @QM

connection. A V.110 con | on’is Fansm ssi on c anne

originally been devel oﬁtﬁf%ﬁnﬁm@fi é’éhRGI ofhe BLE: &3 Padanerd; Qé%t‘cDé‘WB
Net wor k), which is defidwah itrafthidsiac provedali ehth| aef Bowk stritdurd, in

term nal adaptaiéon fL”“Hfd%neIégraggfgébéidﬁaﬁg based on re-transmission of
defective frames on request of the receiving party. The

RLP extends from the terminal adaptation function TAF

of the MS to the interworking function IWF, which is

usually placed in the MSC. In accordance with Figure 4,

15 the RLP frame structure contains a header field (16

bits), an information field (200 bits) and a frame

check sequence (24 bits). A 200-bit L2R PDU is packed

into the information field. The net RLP data rate is

thus distinctively above the highest possible user rate

20 9.6 kbit/s allowed for one channel, which enables a

certain number of re-transmissions without reducing the

' nominal user rate. When the user rate in the terminal

- interface is 9600 kbit/s, for instance, and the data

L - rate in the radio 1nterface is 12 kbit/s, this "surplus

25 capacity" is about 12.5_%.

o The RLP protocol is also connected with £flow
control, which is used for controlling the fill level
of the reception and transmission buffers. This flow
control is described e.g. in GSM Recommendation 07.02.

30 ‘The L2R/RLP unit of the rece1v1ng party B immediately

'_transmlts a "flow control active" indication to the
transmitting party A if the reception buffer seen from
the direction of the radio path reaches a predetermined

" . threshold value or if the terminal equipment TE has
35 initiated local flow control at the terminal interface.



30 term nal TE connected to the nobile station M5 to the V. 110
connection, which is established in Figure 1 over a circuit swtched
connection that enploys one traffic-channel chO The interworking function
| WF adapts the wWobéfsigonnecti on to sonme other V. 110 network, BCIFI9680295
| SDN or another GSM network, or to some other transit WD 9636146
PCT/ FI1 96/ 00259 9 net work, such as the public switched tel ephoné network
PSTN. In addition, channel coding FEC (Forward Error Correction) is
enpl oyed on the traffic channel for 5 redub? ng the effect of

transm ssion errors on he radj o ‘Ipath In the GSM s tem utlon
in accordance with GSM *ﬁ]’é RS o PR SR/ We 99 ré’lji
can be expressed by neeuasiw[ataononfmbmt i thecotiernginal i o}nmf@lqlehndllé’eﬁt/@if

that in 10 Channehﬁ&qirpgté qata éyahemésslé&&r&weaedr&éﬁn&pm&fer
bits. On a full-rate GSM tr. I ¢ _channgl , ance, the co ution
code ratios corresponditfy tth(? {HFEmHEA H&?%F%F B R}Eﬁt‘f%“gefr%g'%ﬂf/ dhe
and 2.4 kbit/s afe 1/2 Hufifeireped}iocdl Flawdcontrok dspaempvedy LAR/RLP sends
The ~ non-transparent 5 wegpyClidrrol $HhEEHRO qannestian hat ae@ﬂtme data
termnal adaptation funCtaln%?nlgllog ?romtpﬁel gégé :|.rc>l§1I r}qu.n‘fff%r:]:ctilsonréstar%:egn
GSM
The L2R/RLP unit of the transmitting party A activates
~local flow control immediately when the transmission
10 buffer reaches a predetermined threshold value or when
L2R/RLP receives the "flow control active" indication
from the receiving party B. When the congestion of the
buffer_is removed, or when the "flow control inactive™
indication is received, L2R/RLP will cancel local flow
15 control. The transmission buffer buffers data received
from the V.24 interface so that no data will be lost in
case the mobile station MS is not able to transmit data
immediately over the radio.path. The reception buffer
buffers -data, which is transmitted to the V.24
20 interface so that no data received from the traffic
channel is lost in case the data cannot be forwarded
immediately via the V.24 interface e.g. to the terminal
equipment'TE. Said predetermined threshold wvalue that
 activates the flow control can be e.g. a half-full
25 ' transmission or reception buffer. "
S As it was stated above, the RLP protocol is
attended by the problem that when the quality of the
connection becomes poorer, the number of defective and
'lost frames, and thus the number of re-transmissions
30 1ncreases On extremely poor connections, buffering of
the RLP frames, as well as flow control descrlbed above
must be employed. In practice this means that the
actual use rate is lower than the nominal user data
rate, that \is, the throughput of the connection

35 decreases.




traffic channel conprises several protocol |ayers. The termnal interface.
between the termnal 20 adaptation function TAF of the nobile station
M5 and the data term nal equipnment, as well as the interface between the

i nterwor ki ng function I W. and e.g. -an audi o nodem MODEM conply with CCTT .
V.24, and it isWeedsttéwith a synbol L2 in the figure. Protoc®CIFI96a25%r e -
25 essential to the invention are L2R (Layer 2 Relay) and RLP (Radio

Li nk Protocol), which are both | ocated between the term nal adaptation
function TAF and the interworking function | W é both ends of the
connection. In accordance wth the invention, t connecti on -al so

I ncl udes several rate adaptati orh:rf\’% ggg&h@@s,ut%ucg gfe{go,;&eép ;%g E] F
aced

term nal adaptation func%‘l on TAF an C?(J Q?
in the BSS, RAl betweentPRellFeptinn a?ﬂ:d 3 qﬂ“eﬁﬁgfeﬁvﬂljr?%nl%?lﬁﬂl‘fwhm
bet ween the CCU unit angr8blem so athatanshdfR/ARLPt uhRAUOI ahedtxapamate;ng

fromthe base WO 96/§l§§y monltors the quality of the connection
PCT/ FI 296/ 00259 13 stati on, e tragsco uni t U and t e
i nterworking function | fedu ?Hég ra*‘ilé‘e aa'\é\i% HEf uREt i &GRS Rﬁ°5?%° Tmedth

GSM speci fications 04. Zadaaniti)jbcﬁﬁly@hmmycabnbmiﬂatg/veha £1B] A@svelnof sl
the 5 transcoder uRkhndffiiich BaEFOEI ThE SEMMdL 62 PR3 Qnsmissions
of the RLP frames is not limited either, unlike in the
RLP  protocol in accordance  with . the GSM
10 recommendations, so that resetting of the RLP
connection is avoided. As stated above, resetting takes
place in the present GSM system when the number of re-
transmissions reaches the maximum value.
An embodiment will oe described herein by way
15 of example, in which the transmitting party monitors
the quality of the connection, changes the channel
coding scheme and requests additional capacity. These
procedures, however, may alternatively be carried out
by the receiving end according to the same principles.
20 In such a case, either the transmission buffer is not
monitored, or the fill level of the transmission buffer
is concluded from the "flow control actiwve" indication
obtained from the transmitting end.
If the fill level of the transm1551on buffer
25 reaches the predetermlned value and the throughput
| drops to the predetermined value, the channel coding
scheme FEC of the connection is changed for a more
efficient one, and more channel capacity is requested.
_ Due to a better channel coding scheme FEC the residual
30 error rate that remains to be corrected by the RLP
protocol is lower than prior to changing the channel
coding scheme. Since radio channel capacity has
possibly been increased to meet the needs of the new
channel coding scheme, the nominal data rate can be
35 maintained unchanged or nearly unchanged.



08.60. Information that has been rate adapted at the radio interface RAl'
has al so been channgl coded in the way specified in GSM Recommendati on
5.03. This is: 10 illustrated by blocks FEC in the nobile station MS
and in the CCU wog636idae obj ect of the invention is, however, ponFwesbizse
L2R/ RLP operation of the terminal adaptation function TAF and the

i nt erwor ki ng adaptation function 15 | WF and t he communi cat'i on bét ween
them The other |ower-layer protocols, functions and units mentioned
above only provide a transmi ssion path in accor8&nce with the GSM

reconmendat i ons between the L2 |ts and are.not rel evant to. the
i nvention except for thtgh 30&18 gfp T%%&%ﬁﬂn@l channe ir CIRACITY]
closer attention to her%YEﬁllﬂbQ-R: (henavery F@Réﬁﬁmgpnf-ms cmahsnitting rmlth

transparent character- %h@rﬁ:eeeaf%@&:&Haﬁs.ls&oﬂeébﬁp%;&a&iohn {ESMR/RLP unit
st at us

Reconmendati on 07.02. cks_the us

i nformation received fr (fl?ﬁo st Br R qﬁiﬁFérfﬁg‘éeY?F'pF’E?Sg of S R RH aspu
having a | ength ®f 200 Bikss stgge25I8cthe squalippUofs the| cennertddn risrispild
3. The octets are nunbegisl daimeMaPrd® tie tWheLehys Qﬁipﬁtreﬁ I§ ﬁé@rﬁm 1s

nd
transmi tted first. An GRS ToF ASBELFPHLF Do CHPRRED Seracies end do ense
(hi gher |ayer data), cnthﬁﬁnﬁfwb@¢§emﬁbtéelDSAstb#vmamﬁnixﬁeﬁqn;vecedtag@me
status octet contains 3Jety.tSIfSAheSBtha®§ghput of the connection further
10 dec:eaSes to a lower predetermined value during this
procedure, the channel coding scheme is changed to a
more efficient one in any case without additional
channel capacity in order to improve error correction.
It is thus possible to maintain the connection, even if
15 with a lower user rate. A sensible lower value
predetermined <for the throughput is some value below
the follow1ng higher nominal data rate of the channel
coding scheme FEC.
'If the radio conditions improve again,
20 additional channel resources may be returned and the
channel coding scheme may be changed back to the
original. The .decision on returning the original
configuration may be based on. a predetermined
throughput'value.
25 : The channel éqding scheme is changed by means
of a Channel Mode Modify (CMM) procedure, which is
described e.g. in GSM Recommendation 04.08, pp. 53 - 54
" and 181 - 182. Both channel allocation and the CMM
procedure are controlled in the preferred:embodiment of
30 the invention by the MSC, in particular its call
‘control CC (42).

35



for the status of the V.24 connection, and 5 bits for 35 I ndi cating
the nunber of the data octets subsequent to MD 96/ 36146 .

PCT/ 96/ 00259 11 the status, octet, as well as special indications, such as
an enpty PDU. 'In Figure 3, status octet O is followed by 3 data octets in
whi ch the word WeBMI36146 packed, whereafter a new status octet PCTFUIMRIE. 5
L2R PDU s are packed into a frame in accordance with the RLP
protocol, which is shown in Figure 4. The RLP protocol is defined in GSM
Recommendation 04.22. The RLP is a bal anced (HDLC type) data transmni ssion
protocol with a frame structure, in 10 whi error correction s based

on re-transm ssion of defective,Kha . cei yln rty.
The RLP extends fromthe term néﬁ'oagg%%g??%n #%%%%gén&%ée%ﬁfﬁén%sgﬁ%#%%
i nterworking function | #ESOWF#®h is usually placed in the MSC. In
accordance with Figure 4, 15 Upohhe mcohPtbrime stheictfild CA¥wWIINS &F heaster

(55" b1 (17 Sho o [DBFEBHRAGRE el WS el A Sliegls 3501 epe
RLP data rate isSthus df$eyRantFelydesrridbachabargHes ispdskinrstivarirgtdheo
9.6 kbit/s allowed for paguedttngeite WiIshthadblcasen dgsterssisiniier wdfed in
re-transm ssions “‘thOUEr&QPH§J89e$£§% the flow control from deactivating the
request state, that is, once the request state has been
activated, it is deactivated only after the £ill level
10 of the buffer has decreased to the lower threshold
value. _
Monitoring of the throughput is based on
calculating the re-transmission rate of the frames.
Since the transmission buffer is half-full, the RLP
15 continuously transmits at the full rate. This rate is
known on the basis of the channel capacity, e.g. in the
case of one full-rate GSM traffic channel the rate is
one frame/20 ms (50 frames/second). If, for instance,
55 % of the 1last transmitted frames are re-
20 © transmissions, 45 % of the capacity will be used for
new frames. .
-Monitoring the throughput may also be based on
calculating the "sliding or floating”™ of the success
) ~ratio e.g. with an equation:
25 o AVE(n+1) = AVE(n)* (1~D) +MEAS*D

where AVE(i) is an average value at instant i,
D is a "history co-efficient” (0 < D < 1),
. MEAS is the last "measurement”,

30 MEAS = 1 represents a successfully
acknowledged transmission,
MEAS = (0 represents re-transmission of
a frame,
0 < AVE(i) < 1.

35



nom nal user rate. Wen the user rate in the termnal interface is 9600
kbit/s, for instanc.e, and the data rate in the radio interface is 12
kbit/s, this "surplus 25 . capaci.ty" .is about 12.5 % The RLP protocol
is al so connect%Mﬁsflow control, which is used for cont r optiRdehdisy fill"
| evel of the reception and transni ssion buffers. This flow control is -
described e.g. in GSM Recommendati on 07.02. 30 The L2R/RLP unit of the
receiving party B imediately transmts a "flow control active" indication
to the transnmitting party Aif the reception bu¥§er seen fromthe direction

of the radio path reaches a prege mned threshold v Iue | f, the
terninal equi pnent TE has 35 g 6%} P é‘d"l’&iﬁf"?’i‘o JFRiefsing Ghannel

term nal interface. 24808868416

PCF/ F1 96/ 00259 12 In the 'atteraa@éﬁomoehém \.‘legguit:rﬂf‘s fa'r@"‘ﬂ:&?é‘éé’é& when
indication from the term.nal I nterfacge terru dat a

transmi ssion fromthe M&EEpEREA WE‘F‘SFBmE H@st é’PFrF?'I%‘Fe fte Rt Ejel RftEn apfe
congestion of the 5 withuBheaveragecacddsswrabintor AVE (k) mdrimheds lg2iRaReP

sends a "flow control iRagti YRe | gq.ba@{:éﬂﬁnéd’l diuki ONe. gat aotgpnsgb§3| gn
fromthe reception buffer |Is rest

RLP unit t
transmitting party A adgefster™ Ipef‘f’&féq&fﬁttrl&\e 7i fddi ABeIs?CRHgﬁ PRel00

transm ssi on seconds. This criterion maintains the additional
allocated channel resources even in a case where the
10 terminal equipment has temporarily stopped transmitting
' data. A pendulum- between releasing channel resources
and requesting channel resources is thus avoided, and
channel resources are only released after actual
improvement of the radio conditions.

15 The present invention may be applied both to
single-channel service and multichannel high-speed
circuit switched data service (HSCSD). 1In the
following, both cases will be described by means of
examples. ) '

20 . 3.0 Application to a single-channel service,

based on a half-rate channel
In the GSM system, it is possible to choose a
so-called half-rate (max. 4.8 kbit/s) traffic channel
(HR) for low rates. A half-rate traffic channel is
25 established when a m'o_bile station MS operates in a
certain time-slot only'in every second frame, ;.e.'at
the half. rate. There is another mobile station
operating in every second frame -of the ‘same time-slot.
) . Let us.assume that the mobile station Ms has
30 a non-transparent circuit switched connection on a
half-rate GSM traffic channel. Data transmission in
accordance with the invention will be disclosed in the
following assuming that the terminal adaptation’
function TAF is the transmitting party A and the
35 ‘interworking function IWF is the receiving party B. It



10 buffer reaches a predeterm ned threshold value or when L2R/ RLP
receives the "flow.control active" indication fromthe receiving party B.
When t he congestion of the buffer is renoved, or when the "flow control

i nactive" indication is received, L2R/ RLP mﬁll cancel local flow 15
control. The trwossi3sesson buffer buffers data received from t prer/Fofde2se

interface so that no data will be lost in case the nobile station M5 is not
able to transmt data inmediately over the radio path. The recéption buffer
buffers data, which is transmtted to the V.24 20 interface so
that no data received fromthe traffic channel % |ost in case t he ‘dat a
cannot be forwarded |nned|a%‘ éﬁxﬁa e V.24 | erf ce e. tqQ the terg%ga
equi prent TE. Said pred®S& ken fe ﬂﬂ?ﬂeﬁhj ta, franpsmdssipr f£a

control can be e.g. a Ipdlacef dhl th6 same vawmndmi tlse ovprys ittec elitvectibof THE-
As it was stated aboveraheaRLFapr ot OCOl is- attended by -t he probl em t hat

when the quality of the connect t he_ nunber def ectiye |

and | ost franes, and thus the %M%é$58§&$ ug} Eﬁ(ﬁﬁ?QﬁTltt nglﬁerg %s.

On extrenely po&r connm’tténutpuwfempngt@mth&hRLP fildnesleuwsl weldf astheow

control described aboverenshlbelatmleuﬁbr | ey acgnee {:Ht&u_ﬁﬁﬁfts t&@t tﬁe
at

actual use rate is |lower tha the oni n dat
t hr oughput of the connét‘:"t"f’&ﬁQ dhend@@?e%%éi? ot £Rb eonnetrioh velEmes

poorer and the number of error increases, the following
- events take place: .
10 1) the number of re~transmissions of the RLP
frames increases,

2) the £fill level of the transmission buffer
reaches the flow control activation level, whereby the
flow control is activated,

15 - -3} the number o¢f the re-transmissions of
single frames reaches a predetermined maximum .value,
but,in accordance with the .invention, this is

disregarded,
4) The throughput of the connection drops to
- 20 a decision value, which is a value between the original

nominal user rate and a half of the original nominal
user rate.

When conditions 2 and 4 are both valid, the

) L2R/RLP unit of the transmitting party A requests a

25 change of the channel‘qoding scheme by means of a CMM

procedure, and changing the traffic channel to a full-

rate traffic channel in order to maintain the original

nominal data rate. After a successful CMM procedure and

allocation of a full-rate traffic channel, data

30 " transmission continues at the original data rate, but
with a better channel coding scheme FEC.

When the channel coding scheme has been
changed for a more efficient one, the LZR/RLP unit of
the transmitting party A continuously monitors the

35 throughput of the connection for returning the original



WD 96/ 36146 PCT/ FI 96/ 00259 13 In
accordance with a preferred enbodi nent of the invention, it has been
endeavoured to solve this problemso that the L2R/RLP unit of the
transmtting pamo9essmet ors the quality of the connection by PCI/FI96/00259
reducing the throughput of the connection, and advantageously al so by

nmonitoring the fill level of the transm ssion buffer The nunber of the
re-transmssions of the RLP franes is not limted either, unlike in the RLP
pr ot ocol in accordance with . the GSM 188 recom*rendat i ons, SO

that resetting of t R G ti ayo s at ed above
resetting takes place in atnnlﬁlee pr%gg'n (%I\]]em% ten‘1i wﬁg%n? %ﬁﬁ%‘é’l"ceo% ?’5 the.
transm ssi ons reaches t#ﬂsillﬂaﬁpﬁﬁhtmmé:hanﬁeenbodl ment will be described
herein by way 15 . of exanpl gxamgievhich doh@uhaaaﬁmﬁttaﬂeearptné\c@o%ﬁ%s

the quality of the con ges the channel.codin ,
requgst s aédl ti onal 3?2'1# t?hg%& %\xgggﬂiﬁr ganﬂ%ve\?@r "%rirﬁg %ﬁer% gimaty
be carried out b¥y the russy \'Hahg i - 8ckbitl H @ndothaeradiie iptenfagt anteds
I n such a case, either ¢ hailt/a0SWhéesi eRe btdRighbhtNeE ﬁﬁéné&heébu%

1T L o e sy Bttty ia SRR e g
the transnission bufferleml of thgcHwansmdspiedebuffenedeashes athe t fdow
t hr oughput control activation 1level, and the flow .control is
10 activated. The L2R/RLP unit then requests the CMM
procedure for changing for a full-rate traffic channel
having a user rate of 4.8 kbit/s and the radio
interface rate of 12 kbit/s. Data transmission thus
continues at the original user rate, but with a more
15 efficient channel coding scheme FEC, as the convolution
code ratio of a full-rate channel is 1/3 with user rate
4.8 kbit/s, whereas that of a half-rate channel is 1/2.
If the requested full-rate channel is not
available, data transmission continues on the existing
20 half-rate traffic channel. The L2R/RLP activates the
retry timer. If the present conditions are still valid
after the timer has expired, ‘a new attempt is made for
increasing the channel capacity, .and, if the new
attempt fails, the timer is re-activated etc. If the
25 - throughput of the conhgction still drops to the lowest
predetérmined decision value, the channel coding scheme
of a half-rate traffic channel is changed for a more
efficient one with the CMM procedure. A sensible value
for said lower predetermined decision value is below a
30 half of the original nominal user rate.
' Example 2. Data transmission takes place on a
half-rate traffic channel on which the original user
rate is 4.8 kbit/s, the radio interface data rate is 6
kbit/s and FEC=1/2. When the gquality of the connection
35 becomes poorer, the throughput drops below 2.4 kbit/s,



drops to the predeterm ned val ue, the channel coding schene FEC of the
connection is changed for a nore efficient one, and nore channel capacity
is requested. Due to a better channel coding scheme FEC the residual 30
error rate that remains to be corrected by the RLP protocol is |ower than
prior to changi wpsdssiashannel codi ng schene. Since radi o chanRER/Fisgeas?ty .
has possibly been increased to neet the needs of the new channel coding
scherme, the nominal data rate can be 35 mai nt ai ned unchanged or nearly
unchanged. WD 96/ 36146

PCT/ F1 96/ 00259 14 |f there is no additional chahfel capaci ty avail abl e,

however, L2R/RLP continues tra tEEQQI“%Ehtﬁgehfgﬁﬁﬁigglgﬁaﬂéf%%E'é?hches

configuration. A L2R/Rfﬁlun| contains a retr
activated at. 5 t hi the tfigw. contrdie agavationilevpd, canthadel Shov catyql
the sane after the tine{shastewdaided, sm:nmabﬁensa,t the nndmé@rofnctheaweag

the channel capacity, a gar't%nm sﬁﬁ}lgh' %f“e"‘é;ﬂ#g}l ff-&lés r[ﬁ‘gg “rg‘i her the)

activated again etc. oughput onnec
decreases to a | ®wer: prmmggdmamiawahgex Wi“§ BrbT ddufd sregarded dfe|
codi ng scheme i s changegcésrdander ewethi ctieat imeentioany Thse LER/RLE unit

addi tional channel capagity il of dghm! QpidBURNG CESP cHQREHRS | Re traffic
channel for a configuration having a user rate of 2.4
kbit/s and the radio interface rate of 3.6 kbit/s.
10 The}eafter, data transmission takes place on a half-
| rate traffic channel at a lower nominal data rate 2.4
kbit/s, but, correspondingly with a more efficient
channel coding scheme FEC=1/3.
4.0 Application to a single~channel service
15 based on a full-rate channel

Let us assume that a mobile station MS has an
ongoing non~-transparent circuit switched data
connection on a full-rate traffic channel. The L2R/RLP
unit of the transmitting party A continuously monitors
20 the fill level of the transmission buffer, as well as
~ the throughput of the connection. When the quality of
the connection becomes poorer and the number of errors

decreases, the following events take place:
1) the number of re-transmissions of the RLP

25 frames increases,
2} the fill 1evel of the transmission buffer

reaches the flow control activation level, and the flow

control is activated,
3) the number of the re-transmissions of

30 single frames reaches a predetermined maximum value,
but, in accordance with the invention, this is
~ disregarded, '
4) The throughput of the connection drops to
a decision value, which is below a half of the original

35 nominal user rate.



It is thus possible to maintain the connection, even if 15 with a
lower user rate. .A sensible lower value predetermned for the

t hroughput is some val ue bel ow the follow ng hi gher nominal data rate of

t he channel codiwgeéssiMsne FEC. |f the radi o conditions inprovecagans20 .
addi tional channel resources nmay be returned ‘and the channel coding schene

may be changed back to the original. -The decision on returning the
original configuration nay be based on a predeterm ned throughput val ue.
25 The channel coding schene is Zﬁanged by neans of a

Channel Mbde Modify (CVW) procedure, whi scr

Recomendati on 04.08, p 53 - g‘éegn&ofgigmrﬁ%ﬁ cﬁ%%?t%%yﬁlowe
and the CMM procedure WRAR reniteof nthmetpﬁmﬁrtéageM§Vné\ntrQﬁueS@S a
the invention by the Mianded d@ithieC ¢hahnel tSoditdy lsctemnér BY héand20f a3TMM
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Decision criterion for ?iﬁﬁFQHﬁeng %ﬁ%ﬁ%el riﬂﬁﬁﬁﬁﬁﬁgluq§ﬁfnSﬁPF8§Pﬁ8 tfé?ta

fill level of t h8 tr anshtansmissions egontiipatesct P attheg samesisdnglef tyaffic
channel at a. lower nominal data rate (half of the

original), but with a better channel coding scheme FEC.
After changing for a more efficient channel
coding scheme, the L2R/RLP unit continuously monitors:
10 - £fill level of the transmission buffer as
well as the throughput of the connection for detecting
a possible need to change for an even better channel
coding scheme, o
- the throughput of the connection for
15 returning the faster transmission rate if the radio
conditions change. o
This can be illustrated with example 3. The
original user rate of a full-rate channel is 9.6
. kbit/s, the radio interface rate is 12 kbit/s, and
20 FEC=1/2. The throughput of the connection drops below
4.8 kbit/s and the fill level of the transmission
buffer reaches the flow control activation level, and
flow control is activated. Thus,. the L2R/RLP unit
requests a CMM procedure, which changes the user rate
25° " to 4.8 kbit/s and fpe radio interface rate to 12
kbit/s. Thereafter, data transmission continues at a
lower nominal user rate, but with a more efficient
channel coding FEC=1/3.
5.0 App.'l:.cat:.on to a xnult:.channel high-spead
30 data transmss:.on
The -highest allowable user data rate on one
GSM traffic channel is limited to 9.6 kbit/s.
| The previous applications FI-942,190 and FI-
945,817 of the épplicant disclose a procedure in which
35 ' two or more time-slots are allocated from the same TDMA



5 flow control described above is used for activating the request
state. In that case, hysteresis is.used in order to prevent the flow
control fromdeactivating the request state, that is, once the request

state has been activated, it is deactivated only after the fill level 10
of the buffer hWO8&wi4ased to the | ower threshold val ue. Mnircivissosd t he
t hroughput is based on calculating the re-transm ssion rate of the franes.
Since the transm ssion buffer is half-full, the RLP 15 conti nuously
transmts at the full rate. This rate is-knomnwﬁa t he basis of the channel
capacity, e.g. in the case of one full-rate GSM“traffic channel the rate is.

one frame/20 ms (50 fragg%gect(yldg ;chb:.lf Orstﬁléic?rpcﬁ 5 %ﬁgﬁgg :{i%atSt

transmtted franmes ar re- ansm ssi ons capac
will be used for new fr ﬁ%%smhﬂﬁﬁ%ﬂ:r@ W@%meﬁﬁ rﬂﬁ? ﬂ?%“@étbﬁé@dﬁ%n
cal cul ating the "slidi ngrovidédan nge tfaffic channsel. rete mae:igum\/\uéér aﬂate

equation: 25 on a nmltlchannéVEﬁgf;)cﬁnﬁ@@%fgn(%s FPE%
AVEW) .is an avetage val ue | nstﬁgﬁ ne.sLs L story co-efficCl ent
D< 1), MEAS is Phe |asP3® ?‘F@aﬁ'&ﬁé ie chan & usef rafeng-£ kbit/s °f

represents a successful Ogeatkmﬁﬂd@dgahrterlang’rmssl @ng.l\/EAsterO Hatiel e s. 2

re-transm ssion of a frePy/s can be provided by two traffic channels at the
minimum. _ This procedure i1is disclosed in this
application as an example of carrying out. high-speed °

10 data transmission based on a plurality of parallel
traffic channels in a radio system. As to the closer
details of this procedure, reference is made to the
above-mentioned = applications. It must be noted,
however, that the only thing.relevant to the invention

15 1ls the possibility to establish a multichannel
transmission connection, and the object of the
invention is thus primarily to change the efficiency of
the channel capacity and the channel coding scheme when
the quality of the connection varies.

20 Figure 5 illustrates the architecture of the
GSM network implementing this kind of data transmission
employing a plurality of parallel traffic channels.
_Figure 5 is similar to Flgure 1 except for the fact
that in Flgure 5, between the terminal adaptation

25 function TAF and the interworklng function IWF there is
a Circuit switched non~transparent connection
consisting of N parallel traffic channels chO-chn,
wherein N=1, 2, 3, ... In the mobile station, the TAF
acts as a divider, distributing the incoming high-speed

30 data signal DATA IN from the data terminal equipment
into parallel traffic channels chO-chn, as well as a
combiner, which combines the low-speed subsignals
received from the parallel traffic channels ch0-chn
again with the high-speed data signal DATA OUT.

35 Correspondingly, at the second end of the multichannel
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PCT/ FI1 96/ 00259 16 2.0 Decision criterion for rel easing channel resources
Addi ti onal channel resources are rel eased when user data transm ssion has
continued at a wabéseisst e and 5 with an average success REITFIO6NMSP| ) .
which is greater than the predeternmined value (e.g. 0.8) for a
predeterm ned period of tinme, e.g. 10 seconds or 100 seconds. This
criterion maintains the additional allocated cggnnel resources even in a
case where the 10 term nal equi prent has nporarily stopped

transmtting data. A pgodyl ugampﬁe#l%%n r@hgasiﬁg C anﬁl?lsr eSoULGSS »# B tor

requesting channel resources Ts &voided, “and ¢ resour ces_are
onl'y rel eased after ac@gtribpipiing whet 1oromied rhighyspesdi drbAssigaal DATA
The present invention nRy d papdllel betdffic schairelshach®icBgr vane asd a

Tt channel Lo SPeedoghiftt ! wilil Byl s Lk SAhesd HHED syoni

3.0 Application5to a skegeéveddinem therparallddadzatbic Lhanrelsaagainatihel
a high~speed data signal DATA OUT.

The protocol structure shown in Figure 2 also

holds for multichannel connection architecture shown in

- Figure 5. In the preferred embodiment of the invention,

10 the L2R/RLP unit is common to all traffic channels
allocated for the same connection, also acting.as the
distributor and combiner mentioned above. Each traffic
channel has, however, rate adgptation (RA) and channel
coding (FEC) functions of their own in accordance with

15 Figure 2. A multichannel data connection is thus
substantially  similar to the single-channel data
connection from the point of view of the L2R/RLP unit.
The "transmission channel" between the L2R/RLP units
only has a larger capacity than before. .

20 In the following, the operation of the L2R/RLP
unit will be disclosed in more detail. A mobile station
has an ongoing non-transparent circuit switched data
connection comprising one or more traffic channels in
a system that is capable of high-speed multichannel

25 . data transmission. Thé:LZR/RLP unit of the transmitting
party A continuously monitors the £ill level of the
transmission buffer and the throughput of the
connection. When the quality of -the connection becomes
poorer and the number of errors increases, the

30 following events take place: '

1) the number of re-transmissions of the RLP
frames incredses, _ '

2) the fill level of the transmission buffer
reaches the flow control activation level, and the flow

35 - control is actiwvated,



In the GSM system it is possible to choose a so-called hal f-rate (max. 4.8
kbit/s) traffic channel. (HR) for lowrates. A half-rate traffic channel is

25 .established when a nobilé station MS operates in a certain

time-sl ot only in every second frane, i.e. at the half rate. There is
anot her nobi |l e swedese6operating in every second frane of thePCHFE6/00259
time-slot. Let us assufe that the nobile station Ms has 30 a
non-transparent circuit sw tched connection on a half-rate GSMtraffic
channel . Data transm ssion in accordance with the invention wll be

di sclosed in the foll owm ng assum ng that the t ef i nal adaptation function

TAF is the transmtting party A3%8%1§%6f§§b“ of NLREWQIKIRA nEHREEL s | \WE

is the receiving party B, It .

PCT/ F1 96/ 00259 17 nust B¥FeR ctFamesnaif@chephit RISASEEFRINGH Q% cetue,
place in the sane way ibuthe Ippesicoeddhcectwith | \Whe TAhRvemsiowl | .thilwe is
L2R/RLP unit of the tra @ﬂ%%#elzjag grarty A5 continuousl'y nonitors

t he fill | evel trahsm ssion buffer. and the throughput

of the connecti®n. V\hen the qudli TheothrorghRitn oLt itHR 5@%%%’?-%6?@?%%’
the nunber of error incsegssisiohhealaé] dengeeisnts tailue phgcbe some value

between the current nominal user rate and a half of the
current nominal user rate as it is possible to request
more channel capacity in order to compensate the
10 decreased data rate on a single traffic channel due to
changing for a more efficient channel coding scheme.
When both 2) and 4) are valid, the L2R/RLP
unit of the transmitting party A requests increasing of
the channel capacity and chaﬁging for a more efficient
15 channel coding scheme by means of a CMM procedure. If
e.g. one traffic channel is currently in use, a second
traffic channel is requested from the same carrier
wave. After a successful channel allocation and CMM
procedure data transmission continues at the same or
20 almost the same data rate as originally, but with a
better channel coding scheme FEC.
Additional channel capacity. may be requested
depending on the original channel capacity e.g. in the
o following way:
25

30



10 _ 1) the nunber of re-transm ssions of the RLP franes
I ncreases, 2) the fjll level of the transm ssion buffer reaches the flow
control - activation | evel, whereby the flow control is activated, 15

3) the nunber wedeseiafe re-transmissions of single frames pefeResns
predeterm ned maxinumvalue, but,in accordance wth the I nventi on,
this I s disregarded, 4) The throughput of the connection drops to 20

a deci sion value, which is a value between the original nom nal user rate
and a half of the original noninal user rate. Vien conditions 2 and 4 are
both valid, the L2R/RLP _A requests _a 25

change of the channel { ) ' la_CVM and
changing the traffic c‘an iﬁiﬁgé ggﬁu? Yiate trcfﬁ q?egﬁgﬁnel in order to

mai-ntain the original fom nal data rate. After & %QB#QICWMCMUH
and al l ocation of a fulff~Tare—trarticctamet—data—=39 traTTSTI-SSToT
continues at the origi data rate, but with a|detter channel coding
scheme FEC. Wen the clfamnel codi ng schenme has Reen changed for a nore
efficient one, the L2R P unit of the tranthtigg party A continuously

nonitors the 35 t iroughput of the connectign for returning the
ori gi nal 5 4 4
' 3

2

1

10
The decision value of the throughput is
different in cases in which it is not possible to
double the channel capacity, since the 6riginal nominal
user rate cannot be reached after the CMM procedure and

15 changing the channel coding scheme. As a rule, it can
be stated that the lower the percentage of the
additional traffic channels, the lower the decision
value for the throughput is by means of which ‘the
change of the channel <coding scheme and additional

20 channel éapadity are requested.

o After changing for a more -efficient channel
coding scheme, the L2R/RLP unit of the transmitting
party A continuously menitors: - '

- the fill level of the transm1551on buffer

25 and the throughput of the connection for detectlng a
possible need for changing for a more efficient channel
coding scheme and requesting additional capacity,

- the throughput of the c¢onnection for
detecting a possibility to restore the higher speed

30 channels and release the additional channel resources
if the radio conditions improve.

This can be illustrated with example 4. Let us
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channel codi ng scheme and channel resources if the radio conditions change.
Exanpl e 1. Conmuni cation takes place on a half-rate GSMtraffic channel on
which the ori.ginal 5 user rate-is 4.8 kbit/s and the radio interface
rate is 6 kbit/wo%Bed6t he t hroughput of the connecti on dr ops POBFBSORSE
deci sion value, e.g. to 4 kbit/s, the fill level of the transm ssion buffer
reaches the flow control - activation | evel, and the flow control is 10
activated. The L2R/'RLP unit then requests g CWM procedure for
changing for a full-rate traffic channel havi ng a user rate of 4.8 kbit/s

and the radio interfacg Lahe flacld BhLLoandBlbAnt! AEH SSLARASHEAN

at the original user anne
scheme FEC, as the con®stablishechmn oge Subi-ratetxatfic channel P EV*BCh
with user rate 4.8 kbithe, oigyieal thsér ofraaehaisi ate kbbrw| ithel/ Padid

the requested full-rat d nsIn&F '

continyes on the exi stlgﬁggg%&e4 Ilé&h ?% rate PFCE%%%% : éhggﬁ?ﬁlﬁt
activates the rétry tiRfr.the taeIRRGHdon: E‘Sﬂﬂﬂi’bﬁ’ﬂsmhr &het | predgiegmined,
the timer has expired, dacmeﬂbratiﬂmi, ies giade kbdt/spcasdsthg fihk levehnef

capacity, and, if th nﬁz% f h L e Y C.
If the 25 t hr oughpu? 0 rﬂs‘rﬁ:%%ﬁ.%gcf# ‘El‘)flfes% [ ?eggﬂg t°hef f@L%’oV\/Eljﬁq"ﬁ{sl:r:@:E
activation level, and flow contro 1s thus activated.

Simultaneously, the number of re~transmissions of
10 single frames may reach the predetermined maximum
value, but this is disregarded in accordance with the
invention. The L2R/RLP unit then requests one more
full-rate traffic channel haying a user rate of 4.8
kbit/s, a radio interface rate of 12 kbit/s and FE¢=
15 1/3.. In addition, the L2R/RLP unit requests a CMM
'~ procedure by means of which the original traffic
channel is changed for a configuration having a user
rate of 4.8 kbit/s, a radio interface rate of 12
kbit/s, and FEC= 1/3. Thereafter, data transmission
20 continues on two traffic channels at a total nominal
data rate of 4.8 + 4.8 kbit/s = 9.6 kbit/s (the
original nominal user rate), and with.a more efficient

channel coding scheme FEC = 1/3.
_ Provided that the requested additional
25 channels are not availéb;e, data transmission continues
with the present channel configuration. The L2R/RLP
activates .the retry timer, however. If the same
situation continues still after the timer has expired,
a new attempt is made for increasing the channel
30 " capacity, and if the new attempt fails, the timer is
re-started etc. If the throughput of the connection
- still weakens to a lower predetermined decision value,
the channel coding scheme of each ‘available traffic
channel is changed for a more efficient one by means of
35 a CMM procedure. A sensible lower predetermined



predet erm ned deci sion value, the channel coding schene of a half-rate
traffic channel is .changed for a nore efficient one with the CWM procedure.
A sensibl e value for said | ower. predeternined decision value is below a 30
hal f of the ori gvegdiémsm nal user rate. Exanple 2. Data transmcIsimmoisakes
pl ace on a half-rate.traffic channel- on which the original user rate is 4.8
kbit/s, the radio interface data rate is 6 kbit/s and FEC=1/2. -Wen t he
quality of the connection 35 becomes poorer, the throughput drops

bel ow 2.4 kbit/s, W96/ 36146 26

PCT/ FI 96/ 00259 10 and tfie.{4dde LSYEL of 4 N%1ansilss] AL Eeryt caehgm e

flow control activation Teve om/con acti vat
Si nul t aneously, the nuUNBRIALAFFL ﬂﬁ@rréathansn1SS|ons of single franes

may reach the 5 pr edet emmsaﬁhml ﬂymg;ﬁat@,a R?gﬁténampl% 5. Lett us
di sregarded in accordan e ntlo S

CWM pr ocedur e for changig%@ aq‘ f‘gfhré cﬁ‘gng’ml °P‘§P%%8Rﬁ§ﬁ?‘bﬁ‘f%ﬁ% aﬁ%& a
" user rate of 2.45 kb|tISCQBRPQﬂﬁénraﬂl§WPnP%¥4¥%§i rteedfdec ghanngls /wherg) the
Thereafter, data transrmsfgmn aseg Rhaeeodnthehabhneditich tJ.r.-ﬁfI9.(2 clsHH)RY,

at a lower nom nal dat atﬁé‘t ';Eg_#%ce bilve GY 1SSRBDEYOOLY AL A dB¥iG
ef ficient channel codln
annels, and FEC= 1/2. Thereafter, the throughput of
the connection drops below 9.6 kbit/s, and the f£fill
10 - level of the transmission. buffer reaches the flow
control activation level, and flow control is
activated. The number of re-transmissions of individual
frames may thus reach a predetermined maximum value,
but this is disregarded. There are no additional
15 " traffic channels available, in which case the L2R/RLP
unit requests a CMM procedure, which will change the
configuration of the present traffic channels so that
the user rate is 4.8 kbit/s, the radio interface rate
12 kbit/s, and FEC=1/3. Thereafter, data transmission
20 © continues on these two traffic channels at a lower
combined nominal data rate 4.8 + 4.8 = 9.6 kbit/s, but
correspondingly with a .more eff1c1ent channel coding
_scheme FEC=1/3. -
6.0 Ii‘lexible appl:.cat:.on to a high-speed
25 multichannel data serv;:.ce
' Let us assume that a mobile station MS has an
ongoing non-transparent circuit switched connection on
one or mofe.traffic channels in a 'system that is
capable of high-speed multichannel data' transmission.
30 In such a case, the L2R/RLP unit of the transmitting
party A continuously. monitors the fill level of the
transmission buffer and the throughput of the
connection. When the quality of the connection becomes
poorer and the number of errors increases, the nufnber
35 of re-transmissions of RLP frames increases. At some



4.0 Application to a single-channel service 15 " based on a full-rate
channel Let us assune that a nobile station M5 has an ongoi ng
non-transpar ent circuit - swtched data connection on a full-rate
traffic channel. The L2R/RLP unit of the transmtting party A continuously .
moni tors 20 wWOoeR6e | | | evel of the transmission buffer, aBCTEN$0E t he
t hroughput of the connection. Wien the quality of the connectlon becones
poorer and the nunber of errors decreases, the follow ng evenis take

pl ace: 1) the nunber of re-transm ssions of the J]?LP 25 - franmes
increases, 2) the fill level of the transnissiof buffer reaches the flow

control activation |evely, @d Lhe ffi‘i‘ﬁf cgg?épl dfs @ﬁél \@aﬁgmlgél&ﬂen%f!e%?

of the re-transm ssions o r ames eter

maxi mum val ue, but, in mrﬁ'@ vﬂcﬁ’ t?@qrﬁ}erﬁqtdﬂati‘ﬂ?sllegear sPBGartdey
4) The t hroughput of t heoromilectiison thweps aa:::ara(ttedl.5| Thevahumbewnhi off i s:e-

bel ow a half of the origi o b2k | 38146
PCT/ FI 96/ 00259 20 When {idimissions of dm&?rle { fEahFs can X the
predetermined max1mum value, but t 1s d::.sregarded The

throughput of the connection drops below the
predetermined maximum decision value. The L2R/RLP unit
then requests.increasing the number of radio channels.
If the required channel capacity is available, the

10 procedure continues as above in 4.0. If the requested
channel capacity is not available, the decision value
of throughput is decreased stepwise, and data.
transmission continues with the present channel
configﬁration. If the combiﬂed throughput drops to a

15 new decision value, a corresponding amount of
additional capacity is requested, which is less than
the additional capacity corresponding to the maximum
decision value. If this additional capacity is
available, the procedure continues as in the case

20 described above. If the requested additional capacity
is not available, the throughput value is further
decreased stepwise and data transmission is continued
with the present channel configuration until the
throughput reaches a new decision value.

25 Although the'invention has been disclosed with
reference to some specific embodiments, it is obvious
that the description is only made by way of example,
the disclosed . embodiments allowing alterations and
modifications without deviating from the scope and the

30 spirit of the invention set forth in the attached

clains.

35



L2R/RLP unit of the transmjtti ﬁEPMQ§DASIF|§5J«§sts %Gcharge of the channel
codi ng schene by nmeans of mggbm;aﬁegégeg;.gf'tt@539"-&@3_1_1_’(;.(_:‘6ssfuI Cw

procedure, data 5 trapsthissiOn-, conti ngges, on they jsame single
traffic channel wasosdeiqsOWe %?ﬁﬁfﬁsgl dé?gfdr"ait'_é%? REF ‘5t tlhe or ipgiawebezsdUL |
with a better channel codi hi Xawieale) Fergedaf.i-eto pagedgi-ng [f or a nore

efficient channel coding s{DeAbsiradthe: paget RLEL. umpagedqlTt.i.juousl y- nonitors: 10
- fill level of the transntssian buffer as well as the thTUU'g‘hpr"U‘[_l_he——;

connection for detecting a possible need to-chatfhe for an :
channel codi ng schene, - the throughput of th«i gonnection ﬂﬂﬂ‘ ﬂ EIL"IIITI”!U X
returning the faster transmssion rate if t h&LRABF b condi t c S >

can be illustrated with exanple 3. The original user raté of a full-rate

channel is 9.6 kbit/s, the radip integfa e kS.1 )i . 20
FEC=1/2. The throughput of the gbnnec%i oﬁgﬁ{l%s %éeﬁ ov%%gia&sffgggﬁd tdﬁ1e:a
fill level of the trandFPBsmdPsinn iR RefdFdtal nEeleerpumicasionst iSYELtEDn

| evel, and flow&ont r olcomprasiny atted stepesof: t he L2R/ RLP uni t requests a
CMM procedure, which changes th?sﬂ'ﬁﬁ.ﬁ.s’iﬁh? £ non-trandbatedtkitd SR kiEn
t/'s. The r, data

radio interface rate tgQ 12 Kkbi reafter, transm ssion conti nues
at a | ower nomi-nal useg’aﬁ’&PS, HuRFPALl a e ERFSci ént TLFShndirRSELs§ion

FEC=1/3. 5.0 Applicati capaoity rand iac/fimse| champiels gedding scheme;
transmitting data over a non-transparent data

10 connection in data frames wusing a communication
protocol that acknowledges the received correct data
frames and re-transmits the received defective data
frames; ' )

buffering the data frames to be transmitted in
15 a transmission buffer; .
storing a transmitted data frame in the
transmission buffer in <case of @possible re-
transmission, until an acknowledgement of successful
reception is received, characterized by

20 monitoring the throughput of the non-

' transparent data connection on the basis of the number
of re-transmissions,

requesting more transmission capacity and a
more efficient channel coding scheme for said data

25 connection if the th:;:gughput of the data connection

'~ drops to a predetermined threshold value.
' 2. A method as claimed in claim 1, cha r -
acterized by '
monitoring the fill level of the transmission

30 buffer, ' _

' | requesting more transmission capacity and a
more efficient channel coding scheme for said data
connection if the throughput of the data connection

- drops to a predetermined threshold value and the fill

35 level of the transmission buffer reaches a

/________L—’——__ :
heet Has Been Re{zlaced

i



30 data transnission The “HigheSt-aIIomabte'uéér data rate on one GSM
traffic channel is_limted to 9.6 kbiit/s. The previous.applications

FI -942,190 and FI- 945,817 of the appllcant di scl ose a procedure in which
35 “two or nore tinme- sIots are allocated fromthe sanme TDVA WO

96/ 36146 WO 96/36146 P .- PCT/'H 96/ 002bOr/Riss/fonne .
to a nobile station M that reqw res _dat.a transmssion-at a higher
transfer rate than what can be prOV| ded on one traffi cchanmetr—The mwaxium

user rate on a nultichannel data connection is the nunb

parallel traffic channels x the user rate 9.6 K8it/s of jmmj EH!U“ !‘!"IIII
channel . Thus, e.g. a user rate of %ﬁ 2 kb% S craLn be p

traffic channels at thBEREGFsRmned $hresh is disclosed in
this application as an exanpl e bf Acaethodowtlaipedhispeledm (@ oxr 2, datla -

transni ssion based on g plarald tey Of pagadl @y traffic channels in a radio
system As to the closer detall of thIS procedu ence is.made o
t he abopve-nenti oned appl i catd NG| 3 MpEE nglﬁg?ré c%‘t?\ﬂ@\? Coqing
the oniy thing Bel evanscheme rfoxn whendata aanections t he possi bi I i ty to

establish a nultichannel tranr3aTozatohg m@@hhgﬂlsu@pd;agaﬁg_tyobbgcghe of
the invention is thus Hrjcga Ebueéglgnhaggzerés%%n%.;&cIt%ncéime more efficient
channel coding scheme sc¢ that the original nominal user
rate remains unchanged or nearly unchanged..
10 4. A method as claimed in claim 1 or 2, ¢ h -
aracterized by
maintaining the first transmission capacity
and the first channel coding scheme if the requested
) additional capacity is not available, which capacity is
15 required with a more efficient channel coding scheme
for maintaining the original nominal wuser rate
unchanged or nearly unchanged. _
5. A method as claimed in claim 2, c h a r -
acterized by
20 malntalnlng the first channel coding scheme if
the requested additional channel capacity is not
available, .
- _ repeating the request for more additional
_ i capac1ty and a more efficient channel coding scheme at

25 regular_t;me_intervalsnlf the throughput of the data
connection does not increase from said predetermined
threshold value and if the fill level of the

- transmission buffer does not decrease from said
predetermined threshold level,

30 changing the channel coding scheme for a more
efficient one without allocating more transmission
capacity if the throughput of the data connection
decreases to a predetermined second threshold level

’ : which is lower than the former threshold value.
35 6. A method as claimed in claim 4, c ha r -
Sheet Has Been Replaced

I
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t he channel capacity and the channel coding scheme when the quality of the
connection varies. 20 . Figure 5 illustrates the architecture
of the GSM network inplenenting this kind of data transmi ssion enploying a
plurality of paswddeseiseraffic channels. Figure 5 is sinilar t@®CHEFpG02SL

except for the fact that in Figure 5, between the terminal adaptation 25-

function TAF and the interworking function IW- there is a circu

swi t ched non-transpar ent connection consisting of N Lc

channels chO-chn, wherein N=l, 2, 3, ... In t he3%obi | e u’mﬂi '!JF '

acts as a divider, distribyting the ingoming high-speed 80 ¢ t dat na
sl Zeduf it 2 |

DATA IN fromthe data t2rfi ﬁyfﬁﬂe_ nto parallel traffic channels
chO-chn, as well as a conbi ner, maigtainingothe st; geannecodéng scheme if

subsi gnal s received frognd haqestblchddividiad dhranbmlssTdDcdpaciay 1 swinldt
t he hi gh-speed data S|gg¥§i DATA QUT. 35 Correspondingly, at the second

end of the nultichannel 86/ 36146
PCT/ FI 96/ 00259 22 data connect redncinghesaid\Fpredeterminedy thyesheilgutwalue

distributing the incomggy hinghtangeshgiat,a signal DATA IN to parallel
traffic channels chO- chn, and as_a car I ner i.ch conglnes thecl MF%R ed
data signals 5 recei ved frBfittHE rzﬂqﬁﬁ PP 25t Ranfard %g%i i £h

more efficient channel coding scheme for said data

connection if the throughput of the connection drops to

10 said reduced threshold value and if the f£ill level of

the transmission buffer has not decreased below said

predetermined threshold value.

7. A method as claimed in any one of the

preceding claims 1-6, c h aracterized by

15 'allocating one or more traffic channels to the
data connection as additional transmission capacity.

8. A digital telecommunications system

comprising a transmitting party (A7) having a

transmission buffer, a receiving party (B), a non-

20 transparent circuit switched data connection between

the transmitting party and the receiving party, channel

coding means (FEC) on said data connection, and a

communication protocol (RLP) in. which data is

" transmitted over said data co;mection in data frames so

25 that the received cor:r.",e_ct data frames are acknowledged

‘and the received defective data frames are re-

transmitted, said transmission buffer buffering the

data frames to be transmitted and storing the

transmitted data frames until it receives an

30 - acknowledgement of successful reception, cha r a c t-

| erized in that the transmitting party (A) or the

receiving party (B) is arranged to monitor the

throughput of the non-transparent data connection on

the basis of the number of re-transmissions, and that

35 the transmitting (A) or the receiving (B) partir is

This Sheet Has Been Replaced -
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a hi gh-speed data signal DATA-MW\O}TO%HUMUW shown in Figure 2
al so holds for nultd channel connection archi re shown in Figure 5. In
the preferred enbodi nent of thﬂ"’mm the L2R/'RLP unit is
common to all ‘traffic channels m” ﬁt &ﬂe sanme connection, also
acting as the WOMBMEt or and Eonbi nler ment| sled above. EachPEFEPEESS
channel has, however, rate adaptation (RA) and channel coding (FEC
functions of their own in accordance with 15 Figure 2. A nultichannel

data connection is thus substantially simlay to the single-channel data
connection fromthe point of view of the L2R/RCP unit. The "transni ssion

channel " between the L3RkEhFediNtd Sréliestatord |'é%:"a91%fn:.§§£’@r? R%ﬁ%&e@%?ﬂ £
W

20 In the fol e.operation,.of the L2
be disclosed in more d&F4F| © (}Ag ﬁgﬁf‘% g %‘ﬁtﬁ’ﬂ%g for the data
non-transparent cirecui connpeiinn mtwmctllfortheomproegh@.mn@f othevdata

traffic channels in a &mhe&iahardﬁo@scasas)lﬁréﬁet@&ﬂbnéwe&fkémc,tmcl;}amﬁ&' 25

data transm ssi@n. The L2R/ RLP m t.t
conti nuously ITD(I’%I tors the fill @ef“ g? ?h% é ?}paiﬂlj%f'efz haRdT The

t hroughput of the codAnectient WWrre tthe lqualhfatytbé transpditdoyi parbec(ikes
poorer and the number gk eéfﬁéﬁgémcrtﬁﬁs%nﬂtﬁe 3@he flipl | P10 €YENT She
take place: 1) the ““”E EpSia deSon’ BE¥ESS. A3 Uhat MRS B LLENEE LN SA5ES
2) the fill level of th& ??’&%Fssrﬁ Ds 5ar ¢ &P itting party
(A) is arranged to request more transmission capacity

10 and a more efficient channel coding scheme for said
data connection if the throughput of the data
connection drops to a predetermined threshold value and
the fill level of the transmission buffer increases to
a predetermined threshold valﬁe.

15 . 10. A method as claimed in claim 8 or 9, c h -
aracterzrized in that the amount of the
requested additional capacity is such that the original
nominal user data rate remains unchanged or nearly
unchanged after changing for a more efficient channel

20 coding scheme.. B _

11. A method as claimed in claim 8 or 9, ¢ h -
aracterized in that the method is a multiple
access mobile communication system in which the data

) connection comprises one traffic channel (ch0) on the

25 radio path, and tha't;_ increasing the transmission
capacity of the data connection includes changing a
half-rate traffic channel for a full-rate traffic
channel.

12. A method as claimed in claim 8 or 9, ¢ h -

30 aracterized in that the system is a multiple
access mobile communication system in which the data
connection comprises one traffic channel (ch0) or a
plurality of traffic channels (chO-chn) on the radio

: : path, and that increasing the transmission capacity of
35 the data connection includes increasing the number of

Sheet Has Been Rei aced .
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reaches the flow control activation |evel , and the flow 35 control is
acti vat ed, VWO 96/ 36146

acnesa b acsmssmmen ot mom vet oo IEARIARMAEIR o' oocimerenss*
invention, this'is disregarded, 5 " 4y The throughput of the

connection drops to-a decision value. The deC|S|on val ue may be sone val ue
bet ween the current nom nal user rate and a half of the current nom na
user rate as it is possible to request nore chadfel capacity in order to

conpensate the 10 ecrea data rate a.single traff| ¢ channel, due
to changing for a nore ?.téﬁgﬁgcc%ﬂ?aﬁscagf?ﬁf?ﬁg% CRR SREBOT AR LR " 4)
are valid, the L2ZR/RLP unit of flBe #r awehhiod: iasy qﬂaﬁgedAmmtgnenoﬁe@img
of -the channel capacity.ph P19, NG BOE\ g 'ED"cetefef hCizent o1y ﬂf&m{fﬂ
ion

codi ng schene by neans of roce one traf chapn
currently in use, a sec'b’FﬂPﬁ"&%"F‘Rg E?fé é‘1 tg‘ r %’H@’sﬂa@d %‘?fﬁ% ‘L’;"Ht‘e‘:t
carrier wave. AfSer a s{EARsstl thdamokdlel $tatbitnon(Maid @Wd prhsc exkegeat wiamga

transm ssion continues Gi,r¢y18 sS8RE Qﬁt@ﬂvorklngafﬁ‘iﬁ’c?ﬁdﬁﬁlw&ﬁeoflaﬂ@e b 1@S

originally, but with a coett%rlc%p__ggrrlleneé:odl ng Schene

14. A method as claimed in any one of the
claims 8-13, characterdized in that the
10 transmitting party is the interworking function (IWF)
of the mobile communication network, and the receiving
party is the terminal adaptation function (TAF) of the
mobile station (MS).

15
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Addi ti onal channel capacity. may be requested dependi ng on the driginal
WD 96/ 36146

request ed additional

channel

2
4 5

capacity e.g.
PCT/ FI 96/ 00259 24 ori gi nal

WO 96/36146

1 10 The deci sion val ue

nom nal

changi ng t he channel
| ower the percentage of the additional
deci sion val ue for the throughput
channel  codi ng schene and additionake O
-

36

codi ng schene. As a rule,
traffic channels, the | ower the

in the follow ng way: 25 30
capacity
3 .

35

capacity
4

. 2 7 PCTIFI96/00259
of the throughput is different in cases in which
it is not possible to double the channejsgapacity, since the original

user rate cannot be reached after the CVM procedure and 15

it can be stated that the

is b¥_neans of which the chaqgg of the
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20 channel capacity are requested. After changing for a nore efficient
channel coding scheme, the L2ZR/RLP unit of the transmtting party A
continuously nonitors: - the fill level of the transm ssion buffer 25

and the throughgidtesRieé NE CONnection for detecting a possi bl epBEfidebidte
changing for a nore ef i ci ent channel coding schene and requesting

addi tional capacity, - the throughput of the connection for detecting a
possibility to restore the higher speed 244 channel s and rel ease the
addi ti onal channel resources if tge radio conditions inprove. This can be'
illustrated with exanple 4. Let pat W96/ 36146

PCT/ F1 96/ 00259 25 assune that app@n-transparent data connection has been
established on one full-rate trg@ l c channel on which the original user
rate is 9.6 kbit/s, the radio imimface rate is 12 kbit/ and FEC=1/2. The
t hroughput 5 of the conne¢tion drops below the predeterm ned
deci sion value, e.g. 8 kbid-ts,y-- -the- f.J,.I I--J,.eve.l--oi-.t.h.e.-uansm SSsi on

buffer’ reaches the flow cdntroll sl evel, and flow pontrol is thus
activated. Sinultaneously, the nhpen of (e transni ssi ons of 10 single
frames may reach the precleter %j I i E
S - !
1 — :
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value, but this is disregarded in accordance with the invention. The
L2R/RLP, unit then requests one nore full-rate traffic channel having a user
rate of 4.8 kbit/s, a radio interface rate of 12 kbit/s and FEC= 15

1/3. In additi W09B36Hé L2R/ RLP unit requests a CMM procedur ecimFsmeess of
which the original traffic channel is changed for a configuration having a
user rate of 4.8 kbit/s, a radio |nterfj1 rate of 12 kbit/s, and FEC= 1/3.
Thereafter, data transm ssion 0 COL&'I nyes 3n tio ﬁrafflc channel s at
a total nominal data rate ofe T ; Ls (the original
nom nal user rate), and vvigh 'jgg axii|lodnioiel 'rIer»[ |¢1|>!o|| ng scheme FEC =.
1/3. Provided that the rlg Tde " r‘ldLl'dhnl‘ i channel s are not

avai | abl e, data transm ssiqon 1 e? wig h ghe @res¢nt1\(lz\1qwiv "
ctl vates th

configuration. The L2R/ RLP 4 e retry timer ver f the sane
situation continues still saffter the thnerq hag exgir héenpt is
made for increasing the c anngl G c'lalpagty,6 aﬁg |? :hg‘$§/ at t enpt
fails, the timer is re-staytle glt gﬁ tlrou ﬁth@é ectlon
still weakens to a | ower ged er deti si'on val ué, the codi ng

schene of each avail abl e trdrlii¢: =-|-. harm nor e eff| ci ent
one by neans of 35 a4 (ﬁh ﬁ%g@gm@ i a gﬁ {nﬁé iill ower

pr edet er ni ned ~

(V)]

FIG. 3
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WD 96/ 36146 , PCT/ FI P96/ 00259 26
~decision value is g value below a half of the original nom nal user rate.
This may be.illustrated with exanpl-e 5. Let us assume that there is an
ongoi ng non-tr apepédsesst data 5 connection on two paral | RCHEIH00232
channel s where'the original user rate of the connection is 19.2 kbit/s, the
radio interface rate is 12 kbit/s on bgth traffic channels, and FEC= 1/ 2.
Thereafter, the throughput of the conneCtion drops below 9.6 kbit/s, and
the fill 10 | evel of the transm ssion buffer reaches the flow
control activation |evel, and flow control is activated. The nunber
of re-transm ssions of individual frapes may thus reach a pred€)erni’ned
maxi num val ue, but this is disregardeld fhere are no additionglel5

traffirc channels available, in whickp &sk the L2R'RLP unit re sts a CW
procedure, which will change the cof¥ &ufation of the present ggraffic
channel s so that the user rate is 4.8 kbjt/s, the radio interface rate 12
kbit/s, and FEC=1/ 3. Thereafter,'é§ta transm ssi on 20 conti nues on
these two traffic channels at ' inal data rate 4.8 + 4.8
= 9.6 kbit/s, but correspon:ég.ly th nore efficient channel coding

schene FEC=1/3. 6.0 Flexhgle pl | HFeE I hi glh- speed 25
mul ti channel data service L s bksdu a no [Ie stati on M5 has an
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= angoi ng non-transpar ent circuit swtched connection on one or
thannel s in a systemthat is _capah

f high-speed nultjichannel data

transm
party Afjc
and the
connecti
of re-tr
PCT/ FI 96
the fl ow

IUI

nunber o
predet er

T PPACEMENT SHEETS a $Gse,

ontrm

nore traffic

the £
actlvat on I \Adﬁ

row (]

connecti on

dr ops

" requi red chsnnel

above in 4.0.

| f

deci si on val ue of

transm ssi on

cont hawésng wat notimal praesent raﬂeannal fmnétgutaansmlssiohhe

t he L2R/RLP"ﬁ'ﬁ| tin

e hy aged l“twgagdde $ill level of tfh hé;nls’&&gg éﬂl%iﬁéfergc‘
%1 i d..?gefgpﬁgiu@t gp. W]eanJPE dﬁgéce ses é%e """ g T

2] rgg} """ i nceases. Sé\ Claim( 6/99%9;94'6' t° page

| of therﬁ mﬁramg(ah :Ipagddey..« ctaiaged
%O din inpstiabi's :paEéd TS0 pREGYS ...mn..

DATE: OFnBECEP Tns- ﬁ+ T Haiw-dual franmes dan also reach the 5

ned nmaximum val ueg but iz |ﬁegh5 eggiged.p é@l @ tat he
bel ow, the predetern1ne maxi_mum deci s1 on val ue.

L2R/ RLP unit then FE&H§§F§SPﬁéré§§|%gdﬂﬁétﬁ&m&ﬁlQﬁommﬁﬂk?%ﬂﬁﬁﬂﬁﬂ§YSFPmthe
cepapiriying awnai kakpe, ofhe 10 procedure contlnues as

th te I t t avai |l abl e,
Chr o BECaP L Shans AR - SrasRaent Sakg coapgttion

combi ned throughpup ALangt 8nd 2 first channel coding scheme;’

—_—

RO 0 !ﬂ!l! ; Th“iii|ﬁ|||m|ﬁ|d |
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transmitting data over a non-transparent data
connection in data frames wusing a communication
protocol that acknowledges the received correct data
frames and re-transmits the received defective data
frames;

buffering the data frames to be transmitted in
a transmission buffer;

storing a transmitted data frame in the
transmission buffer in case of possible re-
transmission, until an acknowledgement of successful
reception is received, characterized by

monitoring the throughput of the non-
transparent data connection on the basis of the number
of re-transmissions,

requesting more transmission capacity and a
more efficient channel coding scheme for said data
~connection if the throughput of the data connection
drops to a predetermined threshold value.

2. A method as claimed in claim 1, ¢ h a r -
acterized by

monitoring the £ill level of the transmission
buffer,

requesting more transmission capacity and a
more efficient channel coding scheme for said data
connection if the throughput of the data connection
drops to a predetermined threshold value and a fill
level of the transmission  buffer reac ~ a

T ‘“‘?LACEML:NT SHEET




+ 15 - new . decision value, a corresponding anount of additional
tapacity is requested, which is less than the addition

: . , : : an apaci ty
corresponding to the maxi num decision value. If this additional cap

avai l able, the procedure continues as in the case 20"

, hulu' ove
If the requested additional capacity is not avail able, t ﬁ ! ﬁ W H ue
on.

I's further decreased stepwi se and data transg855|on is cohtihue

present channel
val ue. 25

reference to sone EDECI

configuration until the thro

hput reaches a new deci si

rede Aghlﬁgghthggﬁso ﬁnalon 1has been disclosed with

rS-obvi ous that the descri ption

is only nade by way of exangl-eA methddsebosddimagodhnnehasm al bowkng
alterations and npdiyf Gcat Lops Wt boyt dgvaatbgg fromthe scope and the 30

spirit of the invention set forth in the attac
non- t r anspaFBARIingt a3t r BA%Ri sSE&hCiAnE dFBapael coding
t el ecommuni at i ons sgheeMfor the daeapebsheetliba,steps of:

A nethod for

ed clainms. 35 [err] 1.

establishing a

non-transparent data ConneCghﬁPgﬁ%gﬁggﬂgFecg%?ﬂﬁmég%gﬂé capa01Ly %or the

transm ssi on capacity and a

10
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data connection having to the more efficient channel
coding scheme, the increase in the transmission
capacity being such that the nominal data rate.remains
unchanged or nearly unchanged due to the change of the
channel coding scheme.

4, A method as claimed in claim 1 or 2, ¢ h -
aracterized by

maintaining the first transmission capacity
and the first channel coding scheme if the requested
additional capacity is not available, which capacity is
required with a more efficient channel coding scheme
for maintaining the nominal data rate unchanged or
nearly unchanged. '

5. A method as c¢laimed in claim 2, ¢ h a r -
acterized by

maintaining the first channel coding scheme if
the requested additional channel capacity is not
available, .

repeating the request for more additional
capacity and a more efficient channel coding scheme at
regular time intervals if the throughput of the data
connection does not increase from said predetermined
threshold value and if a fill level of the transmission
buffer does not decrease from said predetermined
threshold level,

changing the channel coding scheme for a more
efficient one without allocating more transmission
capacity if the throughput of the data connection
decreases to a predetermined second threshold lev
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‘transmitti ng- dat a over a non-transparent data 10 connection in data

frames wusing a conmmunication protocol that acknow edges eceived
correct data frames and re-transmits the received defective data
buffering the data franes to be transmtted in 15 . a tr

buffer; storing a transnitted data frame in the transni SSIO @% I/I
case of possible re- transmssion, until _an acknow edgementc I//Iy ///ll/
successful reception is received, c har a % er | zde d by 20

nonitoring the hput non- _tr aren ata connectlon on
the basis of the mt}/rl%o'tl:gl g 18W3Fa5i2‘ﬁPs §E i? &stPrl®nore transni ssion
capacity and a nore efficieft. éhmﬂmbbdcaS|ngasmbdnnnfoﬂaiald,dath aSr -
connection if the gh%o%ggpgilog ghg dg connection drops to a

redeterni ned threshold val ue. . hod as clained inclaiml1l, ¢c har -
g cteri zed by noni tS‘Iailﬁ‘ﬁa&nﬂFlHI the\Birst qhanneleoding echeme if

buf fer, regsestingtier edduRRAES HdL tIRRALI tth BB STUE 8&;@&&1@@ QhﬂBEe'
codi ng schene for said dgéa connection if the throughput of the d

connection drops t8VA'gPEdErer mi ned threshol d val ue and the fill 35
1 evel of t he transm ssedacinbufdaeid predebezminad REFAACHMINT SHERE

for the throughput,
requesting more transmission capacity and a
10 more efficient channel coding scheme for said data
connection if the throughput of the connection drops to
said reduced threshold value and if a fill level of the
transmission buffer has not decreased below said
predetermined threshold value.
15 7. A method as claimed in any one of the
preceding claims 1-6, characterized by
allocating one or more traffic channels to the
data connection as additional transmission capacity.
8. A digital telecommunications system
20 comprising a transmitting party (a) having a
transmission buffer, a receiving party (B), a non-
transparent circuit switched data connection between
the transmitting party and the receiving party, channel
coding means (FEC) on said data connection, and a
25 communication protocol (RLP) in which data is
transmitted over said data connection in data frames so
that the received correct data frames are acknowledged
and the received defective data frames are re-
transmitted, said transmission buffer buffering the
30 data frames to be transmitted and storing the
transmitted data frames until it receives an
acknowledgement of successful reception, charact-
erized in that the transmitting party (A) or the
receiving party (B) is arranged to monitor the
35 throughput of the non-transparent data connection on
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: [-ef*r] 29 predetermned threshold level. 3. A nethod a
1 or 2, char acteri zedhbychanging a m)re'efgm'ﬁent channel

coding 5 schenme for the data connection, allocati + wjﬂl"ﬁmfml .:_on

| ai m

capacity for the data connection having to the nore ef _
codi ng scheme, the increase in the transm ssion capacity being such t Aat
the nom nal data rate remains 10 unchanggd or nearly unchanged due to
t he change of the channel codi ng schene. 4. nmethod as clainmed in claim1l
or 2, ch- ar a (Y Y ' loing the fi ; nspi §sLon
capacity 15 a%c}#t %@ S éo.tfec_ égrjmr(le céc}%j?élg %%h%fﬁ?%ﬁ%%leéé%ﬁu%%aeéﬁét
addi ti onal capacit #hies ANt ting e (AMhioh EhpaciageiwingeqlB) edanittsh as
more efficient chagaebngRdl N SEARIGst OhotiBl RahBnISstBe RAAl:latgaT gt e
unchanged or nearl unc%gngedi 20 . 5. Anmethod as clainmed in
claim2, c h ar -"RT¢ (SEiciente Ghanpedni fOSHABNgSERRME| AT ciilitnerlata
codi ng schege if thkenheqddhedifddhéi arddowihputel o£apael tdatiss BBhnection

drops to a predetermined threshold value.

9. A method as claimed in claim 8, ¢ h a r -
acterized in that the transmitting party (A)
is arranged to monitor a fill level of the transmission

10 buffer, and that the transmitting party (A) is arranged
to request more transmission capacity and a more
efficient channel c¢oding scheme for said data
connection if the throughput of the data connection
drops to a predetermined threshold value and the fill

15 level of the transmission buffer increases to a
predetermined threshold value.

10. A method as claimed in claim 8 or 9, ¢ h -
aracterizwed in that the amount of the
requested additional capacity is such that the nominal

20 data rate remains unchanged or substantially unchanged
after changing for a more efficient channel coding
scheme. |

11. A method as claimed in claim 8 or 9, ¢ h -
aracterized in that the method is a multiple

25 access mobile communication system in which the data
connection comprises one traffic channel (ch0) on the
radio path, and that increasing the transmission
capacity of the data connection includes changing a
half-rate traffic channel for a full-rate traffic

30 channel. '

12. A method as claimed in claim 8 or 9, ¢ h -
aracterized in that the system is a multiple
access mobile communication system in which the data
connection comprises one traffic channel (ch0) or a

35 plurality of traffic channels (chO-chn) on the radio

i
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avai l abl e, 25 * repeating the request for nore additional
‘capacity and a nore efficient channel codi ng schene '

intervals if the throughput of the data connection do not increase from
sai d predeterm ned threshold value and if the fill. Iggiﬂ " "“mwtm :
transm ssion 30 buffer does not decrease fr lnined

threshold | evel, changing the channel coding,gscheme for a nore efficlent
one without allocating nore transm ssion capacity if the throughput of

the data connectiopagf, and Qﬁgﬁefﬁ@fea&@?w@%ﬂﬁamﬁ@ﬁ%% dbreshek d

level [err] mhlch |§ | ower than a next _Taower val ue . od as
claimed in claim4thg faga, congegtiog dncludgsy ipereasing diey ruwbey
channel codi ng schene tfaffic chatﬂiﬁlrse@llasy‘cemeadﬁbkl ohal ddt ansdhrssd©ion .

capacity is not avail able, in red term ned threshol d val u for
the throughput, requesting 'g éﬁ?cg g eﬁ] Andy 19°€ n@?
ef ficient channel cbaimg Sehémecf dr ssardadat a eorxne:ctzoe df time thatougheut

of the connection dropsmiPe SA4 Gl Y CHs HNESIAML YA Uadithi {od MBlddion

| evel of the
(TAF) of the mobile station (MS), and the receiving

party is the interworking function (IWF) of the mobile
communication network.

10 14. A method as claimed in any one of the
claims 8-13, c haracterized in that the
transmitting party is the interworking function (IWF)
of the mobile communication network, and the receiving
party is the terminal adaptation function (TAF) of the

15 mobile station (MS).
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cl ai ns gﬂf}Desc 0%1 Paggdetoepagefizz.  d by al | ocati.ng \\ fic
channel ®) dat Baged niiktot pagad 220 Addi t i onal transr_ri s “ \\)

di gi tal| Stl21asdesthlipagedi oo pagsgsiem 20 | orrpri si n ac tFanSmtting
cparty - '(-]AO stragl, | n@agadtranspugear on buffer a, receiving party (B), a non-
“transpg@rent circuit swtched data cdnnect i 6h HB fwween the transmitting party
and thf DATE ompEpEpy 2rMAR ing nmeans (FEC) on said data

connectrion, and a 25— €eFREHR-gdt | On p,rot col (RLP) in which data
is transnitted over said dats connfct M&Hhas QT f r Beds tI@neparente data

recei ved correct datarfsnBR&cH elﬁC&nQﬂgﬂimd @é!!ebﬁﬁmﬁﬁﬁ%a‘t%@n@efﬁféﬂh
data franes are re- transmtteqﬁjsald transm ssion buffer bufferi e 30

data franes GOMRLLHY th ‘oring the transmitted data

frames until it  rece Ve st A1 iAHIHIVRCHSR TBRAn8haT e teas E 4 cd i
charact- er z edin that the transmtting party (A) or t -

receiving party PB)V”%% 2ar F‘é’ﬁ‘@é‘& t8ataor¥ake, tRe Birst tramﬁmaﬁmn
of the non- t ranspacgiacidiya LYt Yhdr@ldl codiRdg scheme;

transmitting data over a non-transparent data

tr,ansm T £ fnot—de ed bel ow sai d predet er ni ol d
val ue. PEACEH NT SHEBTS A (86 hod as cl ai med in anyﬁﬁﬁgﬁ/dr ng

10 connection in data frames using a communication
protocol that acknowledges the received correct data
frames and re-transmits the received defective data
frames; _

'buffering the data frames to be transmitted in

15 a transmission buffer;

storing a transmitted data frame in the
transmission buffer in case of possible re-
transmission, until an ackﬁbwledgement of successful
reception is received, characterized by

20 monitoring the throughput of the non-
transparent data connection on the'basis of the number
of re-transmissions, ,

requesting more transmission capacity and a
more efficient channél coding' scheme for said data

25 connection if the throughput of the data connection
drops to a predetermined threshold value.

2. A method as claimed in claim 1, c ha r -

acte'rized-by
monitoring a fill level of the transmission
30 buffer,

| requesting more transmission capacity and a
more efficient channel coding scheme for said data
. - connection if the throughput of the data connection
drops to a predetermined threshold value and the fill

35 level of the transmission. buffer reaches a -
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the basis of the nunber of re-transm ssions, and
of the receiving (B) party is arranged to request nore transni ssion
capacity and a nore efficient channel coding scherre”wm)mnmnﬂ‘miﬁm
connection if the throughput of the data connection

pr edet er m ned threshol d value. 9. A method &€ claimed ih c1ai"'m$§ , char -
act.eri zed méhat thec{) smttll ng party (A) is arranged to nonitor
a fill IeveI of t RFYGEHALRH GSh 8Vedr. and that the transnitting

party (A) is arranged to refuestndPhod h@aeaah%@darirpa@:a&mylaaﬁ 4, nore
efficient channel coding schene' for said data connection if the

t hroughput of the ¥dt & dorfhetth & XdioBse 8 akyr edet erni ned threshol d val ue

and the fill 15 llevel c1oin J.tr@e al ' fBSEl SeFF c K¢ erchéﬁ'ﬁéfaséédlﬁg a
predet erm ned threshol d val ue. 10 A nethod as clained in claim8 or 9,

- ar ac B er ischeme for thha data gepasctdrmnhe requested additional
capacity is such that the t ok &
substantially unchanged after ({:}ﬁd l%@ mo]g:gr?'_ ?rlorng'tsgsfj;l Ci e£?a ﬁeﬂaﬁﬁgfco I ng
scherme. 11. A net rrb%tmscenaec@domn evamgn Booth® wone- efficient channe} e
d in that the met deiﬁ%a SUhLhd] © @  incALESsS R len&onpg) %é%%sm
on

systemin which the connect on conprises one traffic channe
the radio path, arcRpaeity rkeeingiswgh kdatr shennosigrek Pakatyabe remainsa

connect i 0g g ncl Udesn AU A DA nearly unchanged due to the change of the
channel coding scheme.

g (A -

4. A method as claimed in claim 1 or 2, ¢ h -
aractexrized by
maintaining the first transmission capacity

15 and the first channel coding scheme if the requested
additional capacity is not available, which capacit:y is
required with a more efficient channel coding scheme
for maintaining the nominal data rate unchanged ox
nearly unchanged.

20 5. A method as claimed in claim 2, cha r -
acterized by

maintaining the first channel coding scheme if
the requested additional channel capacity is not
available, | '

25 repeating the request £for more additional
capacity and a more efficient channel coding scheme at
regular time intervals if the throughput of the data
connection does not increase from said predetermined

threshold value and if the fill level of the transmission

30 buffer does not decrease from said predetermined
threshold level,

changing the channel coding schame for a more
efficient one without allocating more  transmission
capacity if the throughput of the data connection

35 decreases to a predetermined second threshold level «
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hal f-rate traffic channel for a full-rate traffic 30— chanpel . 12. A
nmethod as claimed inclaim8 or 9, ch- ar act.eri zedinthat the
systemis a multiple access nobil e conmunication sysﬂﬂ“lmmﬂlmnmﬂu Fat a
connection conprises one traffic channel (chO) or m
traffic channels (chO chn).-on the radio Thi 30 Sheet. Has Béen* Rebl aced [err]

32 path, and that jncreasing the-transm ssion capacity of the data
connecti on i ncl ud¥Bichc iBadowgrt kBaRudbReXbfleWert vadlkee channel s al | ocat ed

for the data connection. 13. A HEEHSQ gg Ei@irﬁ@é %ﬁ anuigne, oE Whe > -

clains 8-12, characterlz etransmttlngpartyls
the terninal adap®afi &nef ¥nét ok GTAP)' of the m)blle station (M5), and the

: t th t | :
Communi AL an et vor k.. 10 Teinesiltg W AT EC Krbrled R Rhene i one

of the cl & nms 8- 1Bhec nequested additional &ransmissdion heapaaibkyi isi ngt
party is the int eésoglihlagg_ unction (IW) of the nobile comunication
network, and the receiving party is the term nal adaptation function (TAF)
of the 15 mobi | e st at ireducvBy. said predetermined threshold value

for the throughput,

requesting more transmission capacity and a
10 more efficient channel coding scheme for said data
connection if the throughput of the connection drops to
said recued threshold value and if the fill level of the
transmission buffer has not decreased below said
predetermined threshold value.
15 7. A method as claimed in any one of the
preceding claims 1-6, charactexrized by
| allocating one or more traffic channels to the
data connection as additional transmission capacity.
_ 8. A digital telecommunications system
20 comprising a transmitting party (A) having a
transmission buffer, a receiving party (B), a non-
transparent circuit switched data connection between
the transmlttlng party and the receiving party, channel
coding means ({(FEC) on said data connection, and =a
25 communication protocol (RLP) in which data is
transmitted over said data connection in data frames so
that the received correct data frames are acknowledged
and the received defective data frames are re-
transmitted, said transmission buffer buffering the
30 data frames to be transmitted and storing the
transmitted data frames until it receives an
acknowledgement of successful reception, charact-
erized in that the transmitting party (A) or the
receiving party (B) is arranged to monitor the
35 throug ut of the non- transparent data connection on -
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(57) Abstract

‘The invention relates to a digital telecommunications system, and partlcularly a method for non-u-anspamnt data tranmission. There is
. | a non-transparent data connection {V.110+L2R/RLP) between a transmitting party (A) and a receiving party (B), on which channel coding
is employed. The transmission buffer buffers the data frames to be transmitted and stores the transmitted data frames until it receives an
¥ | acknowledgement of successful reception. In accordance with the invention, this is avoided by monitoring the quality of the non- transparent
connection, and if the quality of the connection drops to a specific threshold value, by changing the channel oodmg scheme of the connection
for a more efficient one. Simultaneously, however, more channel capacity is allocated for the connection in according with the chosen
channel coding scheme so that the original nominal user data rate can be maintained unchanged or nearly unchanged.




