WO 01/50789 PCT/ FI 00/01106 1 Method for making data transm ssion nore
effective and a data transm ssion protocol The present invention rel ates

to a met haslopsssy ding to the preanble of 5 the appended chev/ehoife Maki ng
data transm ssion nore effective in a teleconmunication network. The

I nvention also relates to protocol neans of a tel ecomrunication network
according to the preanble of the appeﬂnded claim1l. Furthernore, the

i nvention I‘?I%h?é(?sfdro rRakihge!| RRA 1RATBTHSIGH | ATbrdedftsstivec arrti ng tatd he
preanbl e of the, a &ended O claim12 , arranged to function in a

tel ecorrrrurif%@@ﬁ“&ﬁr?FIJ ROFBIAEC | n the GSM network (G obal System for Mobile
Commruni cations), the data transfer rate of 9.6 kbit/s is slow even

di th . st ' |

o owi ng. SublepresBAEHNto AR o argon debotidPtnpreaimbie oty |
net works ithe appenilad dlaknf’ fei makingslata trRRsmigsien 4hren elgstive ipndne,

nere i ran@%@%ﬂéaﬁ@ﬁeﬁgtdgﬁgﬂoﬁh‘éﬁihbéhﬁahg altl fdiatesy Ibeprowsdolal so be

capabl e of I'ng data an vi deo coggectloas. ghei UMTS %H&iv rsal
Mbbi | e Tel Beansuaf eateleremupanicatiqns netyPas ACCANTNG:LQ 1BE RiRa %% system
WﬂijChhpr OViHéeépté%hGéQﬁam@nlmurFrmﬂﬁé@noﬂa,_,lgtheymwnﬁonwetat]?éatsta ddteless anzf er
and the user wth nore versatile S e inds o
servi ces. GREMARICE 'qugﬁymﬁ%cogaﬁ}QEbUM% 5#@[@8@9‘?%@5%@ ?‘%’Z&éé
capabi®i t yckimpt2y adengdabta funclical in § telecosnmiunécatiom netwopt.esent nobi | e
networks, a w der coverage area, a |large nunber of 25 additional services,

as well as a larger capacity both in the tfransfer rate and in t)c\g nunber
of subscri bethe &abbtneswork H&lobal System: fafyNMabie. CompauniasdiontmdbR i s a

fl exibl e dahty trAfiel vaico0f BNRBIYSUY slvw adverbedeardiniotd thesprdsemeech,
Simpl est 6IOATAS, LAY 18 IEoMBBRbNG! on sorsoriel BrowlieLrBvonl ' ©
functigns pedtimedia) theertrahsferordapamity vafi gireskat makitest netwodkst is
Char it i soeaphlfine HeglEoty ek f (195 Qimerafion FHEHIS, BhBRer Oirrat e
i mages. 35trAmsnuiasion otpeachsi not awitigienheb System musalse bR t he
M capable of handling data and and video connections. The UMTS
(Universal Mobile Telecommunications System) is a global wireless
20  multimedia system which provides wireless communication e.g. with a
very fast data transfer and the user with more versatile possibilities in
the form of new kinds of services. The basic requirements of the UMTS
network include the capability to provide a better quality of service than
in present mobile networks, a wider coverage area, a large humber of
25 additional services, as well as a larger capacity both in the transfer rate
and in the number of subscriber connections than in present systems.

The UMTS network is a flexible data transmission channel which can
be used to transmit speech, multimedia or other information brought
30 into digital format. In its simplest form, the UMTS is a telephone or a
portable computer which functions nearly all over the world and which
has a constant fast connection to the Internet network. The UMTS has
such a high data rate that it is suitable for the transmission of e.g. good
quality video images.
35
The basic network solution of the UMTS system is based on the GSM
system. The UMTS will function at a frequency of approximately even
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means of wiErAvRaSLAL B dPTS def’ Eiinedt ?‘PE@'%%%@Q%%% ﬁm in
accor dance mobhetplaonesepﬁuatn ags GeM subscriber connections, will
potential transfer rate of 2 Mbit/s as well as IP support (Internet
Protocol). Together these provide a possibility for a supply of
20 multimedia services as well as new wideband services, such as video
calls and video conferences.

GPRS (General Packet Radio Service) is a packet-switched data
service related to the technology of the GSM network, which is
25  especially well suited for the transmission of IP packets. New data
transmission technology requires changes in the present GSM network.
Two new nodes are required in the networkto take care of the
transmission of packets. The purpose of the nodes is to take care of the
transmission and reception of the packets from a GSM telephone as
30 well as of the conversion and transmission of packets to other, for
example IP-based networks. The GPRS determines four different
channel coding methods by means of which the amount of data to be
transferred can be controlled in accordance with the reception of the
network. The transfer capacity of one time slot varies between
35  9.05kbit/s and 21.4 kbit/s, and the maximum transfer rate is
approximately 164 kbit/s, when all the eight time slots are in use
simultaneously. The maximum size of the packets to be transmitted is 2



network. The transfer capacity of one tine slot varies between 35 9.05
kbit/s and 21.4 kbit/s, and the maximumtransfer rate is approximtely 164

kbit/s, v@gq)lgws the eight time slots are in use sinultanguskidenihos
maxi mum si ze 0 ?he packets to be transmtted is 2 WD 01/ 50789

PCT/ FI 00/ 01106 3 kb. By neans of the GPRS, it is possible to utilize the
capacity of the network better, becauSe individual time slots can be

di vi ded bglnt;{‘.’fgp rgﬁ%‘ﬁ%r@‘ﬂ %;@Fﬁﬁg,%% g%s@ﬁtﬂe%r&iﬁ’i@ttﬁé%aﬁécﬁﬁ}(oFQﬁéai ns a

f ew subst anges conpared to the GPRS. This .i,s bgcause the
UMTS set s R@MGHcPaREy beraues lnahkal figle SIISceal ing dided: heRSpens)
and a new ¢adh@al cbnhecfieas. (WCDMA) is used in the UMIS. One of the nost
significant changes is the fact that the LLC |l ayer (Link Control Layer)
has been 10 renoved from underneath the PDCP | ayer (Packet Data Convergence
Prot oc®! ). The UMTSPE®tothl stacly eontained fewdsupstantalogranggsrwhen

Subnet t P I t | I
s ot nectQEAEdB RGNS AT Becdde the DTS gdtgidaRabiy. Y.
Net wor k) . higheredemangs der dheoqualiph 7 sapVisesEg8d, ans @&diewelagio

protocol s gigaes MFEDMRAYIiEhgsa@ng theheMTSedre binthe ehédtedignificdrite

Cont rol ) *asbagges dsi BpetactBpEine LLpn Rel LTk epnfri Vb TiSopesh™®

ar CE! 1@ct uremeletinotdViifdeadeath tite_ale[ia@E’ layerl (Rextkedt Reta ﬁ:or_mbra'egceﬁ. The
rchitect t ! ,

mobi | e phoRgotGioll it AEe: P Rl 1865 T2 SRR d by h, SRIDCE, e 22 2

neans to e(@bbretiwork Depastlent Conwvasgeokre Riptocal. g?ﬁw RME S, rtBtSplelné to the

mani fest at | 8n. ofs AR MEELLY! belitfises YntotingCigeperivPHiEd if theSARANI n

poi nt -t o- pol’nt _ connect | onséég?é sehown 25 as .ovgl S Poc.at eﬂ. bet ween different

subl ayers iRagife AccgsseNetweriowis theydiansmissiond $iIgnalling SaessrRIPCE hr ee

diffeqgnt poat @l prY6EsIsLdre( hoyased. Farfffersom, theyiatoriddvingZefdteger 2 =

I nk 3 3 T . | . s di vi ded
Cto subl ajarBermaativect SSVER 43 e, Hrarisiohy Eita MAT: JAYE, (MBdidnG) )" 35
PDCP ( PackeicdassaCantrohrared garict IBrest (hayey 114 Rinsiead ayeiadcast / Ml ti cast

Control) 13. The layer L3 is divided into a control |evel 17 and a user
| evel 16. The

The protocol architecture of the UMTS radio interface is illustrated in
20  Fig. 1. The architecture is implemented in a wireless communication
device, such as a mobile phone, operating in a network and comprising
the necessary protocol means to enable data transfer. The blocks in
the drawing correspond to the manifestation of each protocol. The
service access points 20 (SAP) in point-to-point connections are shown
25  as ovals located between different sublayers in the figure. The UMTS
radio interface is divided into three different protocol layers L1 (Layer 1
= Physical Layer) 10, L2 (Layer 2 = Data Link Layer ) and L3 (Layer 3 =
Network Layer). The layer L2 is divided into sublayers MAC (Media
Access Control) 11, RLC (Radio Link Control) 12, PDCP (Packet Data
30 Convergence Protocol) 14 and BMC (Broadcast/Multicast Control) 13.
The layer L3 is divided into a control level 17 and a user level 16. The
sublayers PDCP 14 and BMC 13 are only present on the user level 16.
L3 is also divided into sublayers, the lowermost of which is RRC (Radio
Resource Control) 15, and it is followed by other sublayers of L3, e.g.
35  CC (Call Control) and MM (Mobile Management), which are not shown
in Fig. 1.
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20 The user data can be transferred from one point to another using
acknowledged, unacknowledged or transparent data transmission,
wherein the RLC SDUs are transferred without adding RLC protocol
information. Data transmission can be controlled using quality of
service settings. If errors occur in the data transmission when

25  acknowledgements are used, the errors can be corrected by
retransmitting the RLC PDU. The RLC SDUs can be delivered in a
reliable manner in the correct order to the receiver, when
acknowledgements and sequence numbers are used. If this function is
not utilized, the receiver may receive the RLC SDUs in a wrong order. It

30 is possible that the receiver receives the same RLC PDU twice,
wherein this RLC PDU is transmitted to the upper PDCP sublayer only
once. The receiver can also adjust the transmission rate of the sender if
it is not suitable. When the RLC PDU is received, its accuracy is
checked on the basis of a checksum related to the same. If any part of

35 the RLC PDU is defective, the entire RLC SDU related to the same is
retransmitted if retransmission is available, and the set maximum
number of retransmissions has not been reached. Otherwise this RLC
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SDUs can be transmtte ayer in the transm ssion order

correctly onRPGRcaublayer Hnm%atﬁuéﬁbpn&%. val correctly only once,
e acknowledged data transfer, by means of which it is possible to

transfer information to the receiver in a secure manner by means of
retransmissions in such a way that all correct RLC SDUs that have

20 arrived are transmitted to the upper PDCP sublayer immediately only
once in the correct order or in the order of arrival,

e quality of service settings, by means of which it is possible to
determine the quality of service which can be utilized to provide a
guaranteed data transmission for the receiver in such a way that by

25 means of retransmissions, all RLC SDUs can be transmitted to the
PDCP sublayer in the transmission order correctly only once, or in
the order of arrival correctly only once,

¢ notification of unrecoverable errors, by means of which it is possible
to notify the PDCP sublayer that the RLC SDU cannot be transmitted

30 since the RLC sublayer has not been able to correct the incorrect
RLC PDUs within the scope of the given retransmissions and the set
delay.

The main purpose of the PDCP protocol is to compress the control
35 information related to the upper protocol layers. Another purpose of the
PDCP protocol is to map the PDU of the upper layer protocol as an
integer, i.e. RLC SDU, which can be understood by the RLC sublayer,
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the far v WAR wiihod 169G 2! e al6fedithiBhet i Mitiow iRl 0

the far r
in the following way. Each packet on the left-hand side of the window

has been transmitted, and an acknowledgement for the same has
arrived. Inside the window, on the far left side, there is the first
20 transmitted unacknowledged packet. Outside the window on the right-
hand side there are such packets which have not been transmitted yet.
Furthermore, inside the window there is a cursor which indicates the
limit for packets which have been transmitted and which have not been
transmitted. The cursor usually slides very fast to the far right side.
25
One of the most important objectives of the RLC sublayer is to provide
a reliable data transfer connection, because in general, the services of
the underlaying layer are not reliable, i.e. messages can be lost, or they
can be corrupted. The retransmission of incorrectly received RLC PDUs
30 is taken care of by the RLC layer of the data transfer protocol. The
mechanism of the retransmission is based on the aforementioned
transmit and receive windows. The size of this window is always a
compromise between the used data transfer protocol and the
requirements of the storage capacity available. Too small a transmit
35 window causes stalling of the window, and interrupts the data transfer
often, which considerably reduces the amount of data transferred.
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Fig. 2 illustrates the above-described retransmission mechanism using

25 an example in which the size of the transmit and receive window is 4.
The example is examined in chronological order, first from the point of
view of the sender and then from the point of view of the receiver. In the
example, the RLC PDUs 1a and 1b to be transmitted are indicated with
reference DATA (x), in which x is the sequence number of the RLC

30 PDU. Correspondingly, the acknowledgements are indicated with
reference ACK (x) in which x is the sequence number of the RLC PDU
to be acknowledged.

The sender transmits DATA (0), wherein the transmit window is
35 [0,1,2,3]. Next, the sender transmits DATA (1) in a corresponding
manner. Now, the sender receives an acknowledgement ACK (0),
wherein the transmit window is now [1, 2, 3, 4]. The sender transmits
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When the receiver receives DATA (0), the receive window is [1, 2, 3, 4].
20 Thereafter, the receiver transmits an acknowledgement ACK (0). Now,
the receiver receives DATA (1), and thus the receive window is
[2, 3, 4, 5]. An acknowledgement ACK (1) is transmitted to the sender.
Thereafter the receiver receives DATA (3) instead of the expected
DATA (2), and therefore the receive window is not transferred, and
o5 DATA (3) is buffered. The receiver is still waiting for DATA (2), but
receives DATA (4) instead, and therefore the receive window is not
transferred, and DATA (4) is buffered. Next, the receiver receives the
expected DATA (2) and the buffer contains DATA (3) and DATA (4),
and thus the receive window is now [5, 6, 7, 8]. Since packets have
30 now been received as far as DATA (4), it is possible to transmit an
acknowledgement ACK (4) to the sender. Thereafter, the receiver
receives DATA (5), and thus the receive window is now [6, 7, 8, 9].
Thereafter the process continues in the above- described manner.

35 Each RLC PDU contains a checksum by means of which it is possible
to check that the RLC PDU does not contain any errors. More precisely,
in the UMTS, the checksum is added and checked in the L1 layer, but
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which there is no time to transmit the packet accurately before it is too

20 late.

It is a purpose of the present invention to produce a data transmission
connection with small delays between two points, which is suitable for
real-time applications and which allows the transmission of slightly

25 corrupted data to the application. Furthermore, it is an aim of the
invention to improve the quality of real-time data transmission.

According to the invention, these objectives can be attained in such a
manner that all erroneous RLC SDUs are not automatically discarded.

30 The RLC PDUs are always transmitted as RLC SDU to the PDCP
sublayer, but if errors are detected in RLC PDUs, information on the
location of the erroneous point in the RLC SDU is transmitted to the
PDCP sublayer in addition to the composed RLC SDU. On the basis of
this information, the PDCP sublayer can also discard the RLC SDU if

35  necessary, if the error is located for example by the control information
of the upper protocol layers.
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their is usually used. Thus, the RLC SDUs become easily discarded
because the RLC PDUs can be easily corrupted and their
20 retransmission is not even attempted. Thus, the present invention
provides a possibility not to discard the SDU, but to make an attempt to

utilize erroneous payload data instead.

In the following, the invention will be described in more detail with
25 reference to the appended drawings, in which

Fig. 1 shows the lowest layers in the UMTS protocol stack,
Fig. 2 shows an example of a retransmission method utilizing
30 automatic repeat request,
Fig. 3a illustrates a situation in which one RLC SDU is divided into
two segments, and one segment contains an erroneous
point,

35
Fig. 3b illustrates the RLC SDU of Fig. 3a, which is transmitted to a
PDCP sublayer, and a manner according to a preferred
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capable of determining where the error is located. In other words, it is
possible that the error is located at the header information of the PDCP
or upper protocol layers, such as TCP/IP, which header information can
also be compressed. This error in the header can cause serious
20 problems in the upper sublayers. Therefore, it is extremely important
that the header information is completely accurate. Most real-time
applications function reasonably well in a situation in which the payload
is slightly erroneous when compared to a situation where an entire
packet is missing therebetween. Therefore, it is extremely useful to

25  know where the possible errors are located in the received RLC SDU.

For example, when a video image is desired to be transmitted in real
time via a data transmission connection, a slightly erroneous payload
does not affect the quality of the video image to be transmitted to a
30 large degree. It is likely that an error cannot even be detected in the
video image by the viewer. On the other hand, if a packet cannot be
transmitted to the application because it has not been accurately
transmitted sufficiently early, great distortions may occur in the video
image as well as an interruption in its transmission. This may disturb
35 the user considerably more than almost invisible changes in the video
image. Similarly, when sound is reproduced, it is unlikely that small
errors can be heard, but if a frame is missing, a break may occur in the
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real -time applications~are capable of correcting errors to sonme extent, in
such a way that the error can be even inperceptible to the 5 user.
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o or faR G, BOhRuEE IE r5REBL dflroh, i Bierg 18 B effditnoite,
di scar ded?L@Hueader of a RLC PDU, this RLC PDU has to be discarded. Thus,
20 in the RLC SDU this segment contained in the RLC PDU has to be
marked as an erroneous area, if this RLC PDU cannot be
retransmitted.

The first case is shown in Figs. 3a and 3b. When in this case all
25 erroneous RLC PDUs 1a, 1b have not yet been retransmitted in such a
way that all RLC PDUs 1a, 1b belonging to the RLC SDU would have
been received completely accurately, a RLC SDU 6 containing at least
one erroneous point has to be transmitted to the upper PDCP sublayer
14. In addition, information on the error or errors 5a is transmitted to the
30 upper PDCP sublayer. There are two alternatives for this. The first
alternative is that the number of that segment 9a, 9b in which this error
5a is located is transmitted to the upper sublayer. In this case the
PDCP sublayer has to be aware of the exact size of the segment 9a,
9b. Aiternatively, the RLC sublayer can transmit the starting point 8a
35 and the end 8b of the erroneous segment to the PDCP sublayer. On
the basis of the transmitted error information, the PDCP sublayer
knows that the error is located inside a particular segment, i.e. the
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areas 5a accurately. Naturally, it is possible that the RLC sublayer is
20 capable of detecting the errors 5a with the accuracy of predetermined
areas, the length of which can be e.g. 1/8 of the length of the RLC
SDU. Now, it is possible that the error 5a is in the segment 9a, 9b
containing control information 4 of the PDCP header and/or upper
protocol layers, but the RLC SDU 6 does not necessarily have to be
o5 discarded as long as the area 5b which is marked erroneous is not

located by the PDCP header 4.

With reference to Fig, 1, the RLC SDU 6 (Figs. 3a to 3c) received and
composed from the RLC sublayer 12, is transmitted via the RLC PDCP
30 interface to the PDCP sublayer 14 by a primitive RLC-AM-DATA-Ind,
RLC-UM-DATA-Ind or RLC-TR-DATA-Ind. The same primitive can also
be used for transmission of error information from the RLC sublayer 12
to the PDCP sublayer 14. The following table presents the primitives
between the RLC sublayer 12 and the PDCP sublayer 14. The error
35 information to be transmitted to the PDCP sublayer 14 can be ESI
(Error Segment Indication) mentioned in the table. ESI can be for
example the sequence number of the segment 9a, 9b containing the
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conposed fromthe RLC sublayer 12, is transmtted via the RLC PDCP 30

interface tg t PDCP subl.ayer 14 by a primtive RLC.AM DATA-I nd,

RLC. UM DA oIRGB BGR 26 ClFiaTST BRGNP 16 Blsh SRS CAPER: be used
for thansm ssion of error information fromthe RLC sublayer 12 to the PDCP
subl ayer 14 f,0h |, g .abl e : NI AN AR the RLC
subl ayer 1o REGANMDATA A My dpBafS G fis iy e Pce? SHBRdr

transmi t t ed 1do reqeesBCHos vackiyewletigeshrdata BSnsmidsian Bognehie IRKCcat i on)
nent i oned ig Ep{yérqbé e. ESI can be for exanple the sequence nunber of the
segnent 9a, 8 ont ai’ni ngnthe WO 01/50789 PCT/ Fl 00/01106_ 14 error, or the
nunber of *t F-GiAM-DA TAENdeBy fREAgSHf thie nanaitsputhe Rldmsumayer dRe

er r ogous attr%@lsﬂﬂté)@'rdiks inforthdtion |(ESJ lard ROhCs SDE8 BNobithe. POOP he
ol I owi ng,

he, f ' qf diff { t | d bed: 5
RLC- AM DATASR &ﬁv%?s%@vgmé’n Bfétt'iﬂe’{;s?‘g?reﬁ'r'{‘%gl%‘ﬁ%‘@%@gggﬁb‘?ﬁ gl (134 request s
for acknowl &lgedAMaDATA-&onfi byirapahsaoh thisepRiGlive dbé &€ suthlayer 12
RLC- AM: DATA; . - hi | @ b 2 10
transmts epbﬁﬂrm%ﬁgmﬁfﬁs&@?fﬂ%@é%@%@?’ﬁ?% SEQI%L&SUN ayer 14
whi ch ar e *t Fd{sfUM-BATARRA:abY TBRRBSgRhHIS Rrimitive e MRIER-sublaysr neans

of this pri At fyeuddis IMdckibWRYRIed! datd WEAIHSIAR fSANRIG Suphplr RLC SDU
6 to PDCP sg | ayer 14, RLC-UM DATA-Req: by neans of this primtive the

PDCP subl ay 15 14 requests unacknow edged data transm ssion from RLC
subl ayer e RLC-UM-DATA-Ind: by means of this primitive the RLC sublayer 12

transmits error information (ESI) and RLC SDUs 6 of the PDCP
sublayer 14, which are transmitted without acknowledgements,
20 o RLC-TR-DATA-Req: by means of this primitive the PDCP sublayer
14 requests the RLC sublayer 12 for transparent data transmission,
e RLC-TR-DATA-Ind: by means of this primitive the RLC sublayer 12
transmits error information (ESI) and RLC SDUs 6 of the PDCP
sublayer 14, which are transferred using transparent data

25 transmission.
General name Parameter
Req. Ind. Resp. Conf.
RLC-AM-DATA/| Data, CFN, Data, ESI Undefined MUI
MUI
RLC-UM-DATA Data, Data, ESI Undefined Undefined
RLC-TR-DATA Data Data, ESI Undefined Undefined

Because the PDCP sublayer 14 contains the error information provided
by the RLC sublayer 12, the PDCP sublayer 14 can decide what is to
30 be done for the erroneous PDCP SDUs 6. The decision is made on the



12 RLC- UM DATA-Ind: by means of this primtive the RLC subl ayer 12
transmts error information (ESI) and RLC SDUs 6 of the PDCP subl ayer 14,
whi ch argydopseee tted wi t hout acknow edgenents, 20 RLC TRpAedRad0s DY
means of this primtive the PDCP sublayer 14 requests the RLC subl ayer 12
for transparent data transm ssion, RLC TR-DATA-Ind: by nmeans of this
primtive the RLC sublayer 12 transiPts error information (ESI) and RLC

data 28R e . o o, Resonbigpgper ert
R A DAY COERTaOCRR, TR 18] DORUST IHGd WEF ORY: RECIUNNBoUEat 2, Dat a,
ES Undefrifossiatiosied iofeppeRLsioTee @ATHeBntitisDikely St thipdwsdderdcaimaet i ned

the RC DoFRromssBH st UG X AdaBLARladdE RLIRRSIE 6% e
for bhe EDGReGIX rOGM Spperdayehel dusi Biisradvaniageous tohdiseard thso789
PCT/ F Ooﬁﬁéﬂfg.d?.hbéﬁ bxafpleNf el BropRRearsS iE the pyiSad e %%DSDU:

For exampl e, e error occurs in the initial p , i.e.
in the c@RYdan bartinemitiad 1o the Upper &Yt ocol 1 ayers, it is Iikely that

t he header cannot be deconpressed, and thus it is not advantageous to
transmt_the 5 P SDU t.o _an_ upper | . Thus, it .iLs advantageous to

di scard t'hi% prﬁﬁé.g)éﬂﬁ’l.eniiBP &dﬁ@l é?sﬁ?é??ﬂesgﬁ%riooébﬁr ?”i‘ﬁoi’ eB | oad,

t he 1BDCPpré&gkhiagh dlzove,absiti itt ednt bet meodifipelr Witlyiar th&@hecppesehtthienvent i on

is not r i ly to the enbodinments 10 presented above, but it can
be nodi f%@@%ﬂﬁﬁ%ﬁﬁhgscope of the appended clains. WO 01/50789

PCT/ FI 00/ 01106 16 dains: 1. A nethod for naking data transmi ssion in a
t el econmuni cati on



network nore effective, which conprises |ayer structure protocol nmeans 5
for data transm ssion, which protocol neans conprise at |east an upper

| ayer anqyggﬂ*{g@gg | ayer, wherein the purpose of the |ower IP%)fﬁrIO(fo]l%% i s at

| east to a data unit (6) to be transmtted to the upper lTayer (14)
fromone or nore segnents (9a, 9b), in which nethod one or nore errors
(5a) occurring in the received segnemtés (1 a, 1 b) is detected, 10
characterized in that said data unit (6) to be transmtted to the upper

| ayer isgééﬁﬁésed fromone or nore segnents (9a, 9b) which contain one or
nore errors (5a), wherein information on the |ocation of one or nore

errors (5) Al Snalitgh EPTREKAG ae the r;?.o.h e tdbormiicdtion et hod

according't etecte ntire data

it (1 Setwask moreefiesiupy wNist CRITYSISRS (At SIGIGHTE BaoTascl FSATS he
| ocatg on gt _dﬁmﬁ&@d@aﬁm&w paftosal thedrescomplseratiédst(@n apperb) in
Y

20 3. Thdaner Slaien narsirhing BEREOSS Y s IReFIARIR 83, &>

20 3. Thdapet
uni ts (lgeadbloasemposeeataata unithi@)l tonbe irap\emltted)tw\thmluppﬁrd&y@f m ned

del k t ﬁ“ﬁﬁ%? t hat |
tﬁea%/oazlra%aﬁgqr?‘?%§%?ﬁgsgé ﬁgaﬁﬂ?ﬂé@ @n%)zg* St;vr?']Znsm tte toéj; 25€u pgr "
| ayer (14@rross dSamamnrﬂngmrsébaemcﬁl‘(% semnenttdiad 1 in&eteetead, ved dat a
\‘f\ﬂgtn‘fsow( 3ﬁclznépéc@riz‘€d il 'thQﬁ%glrd;@I:agé r%rﬁﬁé?\%ﬁa ber frahsatiteddo ﬁé@ wpplet! y, or
err oneous|adﬁfdg§§?rﬁ§0§9€’afr% paeQp Mk, 3%9&%‘3%35& %q) E‘gﬁbh{’b%‘ﬂn 30
tAfheng g@r)]it‘iécgrgﬁfdg?rgdeﬂéré Qsaﬂwhérelh?ntztm{\/amn drotte Imcat;d)rg g:{ieaﬁmrﬁe r?;ld zlenof

t he upgerm %e‘?'l ?@4&561)(9%%@2#@{}]%?606@ Lhe[egggaP iaa<—:>,.g}or nformation to be

transmtted to the upper layer (14) conprises the sequence nunber of 35 the

et ngg%pegmeth%(aés&&?)rhmw cfé?ﬁ?ﬂvﬁﬁj vAAER it élsbléetebl?édémdt an

cont error e upper Ia s (5b)
VO 01/ 507eatirctata coitodesd b) 19 %ﬁ@%@lﬂﬁadstfﬁﬁs '%a(é‘i‘)e) | ated on
the basi syd |d&idH bPthe segment (9a, 9b) of said mlssmg data unit (1a, 1b) in
the data unit (8) to be composed is interpreted as an erroneous area
(5a).
20
3. The method according to claim 1 or 2, in which the erroneous data
units (1a, 1b) are corrected in the lower layer (12) within a determined
delay using acknowledgements and retransmissions, characterized in
that in the lower layer (12) the data unit (6) to be transmitted to the
25 upper layer (14) is composed from segments (9a, 9b) located in the
received data units (1a, 1b) after all data units (1a, 1b) are received
accurately, or when within a given delay there is not enough time to
correct the erroneous or missing data units (1a, 1b) by means of
retransmission.
30
4. The method according to any of the claims 1 to 3, in which the size of
the segment (9a, 9b) located in the received data unit is determined in
the upper layer (14), characterized in that said error information to be
transmitted to the upper layer (14) comprises the sequence number of
35 the segments (9a, 9b) located in the received data unit (1a, 1b) and
containing the error (5a), wherein in the upper layer (14) the areas (5b)



i nformati on and the size of said segnent (9a, 9b). 5. The nmethod according
to any of the claims 1 to 3, in which the 5 starting point (8a) and the
end (8b) segnents (9a, 9b) located in the received oS and
cont ai ni Hﬁ‘!’%@%"r nore errors are determined in the upper gg&g) ?
characterized in that said error information to be transmtted to the
upper layer (14) contains the sequerie nunber of those segnents (9a, 9b)

| ocated in the.received 10 ' e r 5a) is
| ocat ed, ALY tctﬁg SI&s P?@o)a'.#&n %ﬁlc&&%dlﬁ)r} ﬁ 2@?% (J(?Sg aér)réorl( ocat ed
are cal cuhfarewhtion ahe thpsize of spid segmentn(9eh®Masi s of error information
and the starting point (8a) and the end (8b) of said segnent (9a, 9b). 15
6. The net hod according to ¢claim4 Onﬁ? wherein said se 59&%%)
al so contmi hBeamatbadt acearding cneswnaf ithe claymsr 1t e Jip q?ip t | ayer

or ag heagﬂaﬂ@ Poﬁﬁ%ﬁ?taﬁfd #esl endl (81t of e sognesdd (9a, @mnot:a(e@ iri s

di d | d |

of *the. cdBodeactads data: \FH 'vﬁn@ﬁ%%ta inf O3 Pﬁf%#&yeorﬁﬁ@f‘ aftyy o' %0

the upperdgteahnimed ihaywr upper lyede(14)3)chatacterizest hndhatcazmdhergoto any of
h | ai .3 ' . f th

orror ardnipiftiatdh B dputdind 3! v g@%& iay8) QP EORGRS () oL 4"

error i nfsequenas numiber 26 th@&ﬁsﬁﬁgm@ﬂtﬁé ah8b)geatadhyrthe 1gceibdshr i ses

the g artg ;g%mg@%?% ﬁﬂ%&nn&hqruér@hé?@a)oa‘s loeated r%eﬁréiﬁ)tr@f atdws conposed

data unit acg I N aim7 e segnment (9a,
9b) al so ( jthigahigh §fr0<5%r(8%|af€?A@%@tﬁﬁ‘t%%%@)‘l‘%‘ﬁdaw {ﬂ?p PBF ot ocol
Iaygr or lg e3Q1h}3@<ﬂ1efhé 3;)33|s:ra>ara¢®|ernfoamhaitugntaa¢|ti thleeestaortrplgs;aanuindasa%1 unit (6)
is discar n er.r or at least partly in such a
section %’? e@é‘;&its{é%aé}fﬁ%}d(é%%ﬂégh ég%taéﬁ)umt (6) which contains control

I nformation (4) of an upper protocol |ayer or a header (3). 35 9. The

method a @%Hé”rﬂeﬂﬁ(ﬁﬁﬁcﬁdlﬁgﬁ%lﬂ or SO\Aﬁl’eréﬁﬁééﬁ § P%lé%‘ﬁt' (9a, QBW said

| ower™ | ayer 1S an

sal ayer 1s
01/ 50789 m@m/wrve;rmabbeasmqmrolméomg @gfﬂa@ AMPRES F&WO@)& 'ﬁbf@fcl aims 1
to 9, Ch%ﬁ%t Aehaed (B, chb@hcﬁ@mﬂedqﬂethaﬁtdh@ab@mpbsled taaa RHC(BPisunit and

said Coer8|scarded when the error (5a) is located at least partly in such a section
of the composed data unit (6) which contains control information (4) of
20  the upper protocol layer or a header (3).

7. The method according to any of the claims 1 to 3 in which the
starting point (7a) and the end (7b) of the error are determined in the
lower layer (12), characterized in that said error information to be

25  transmitted to the upper layer (14) comprises the starting point (7a) and
the end (7b) of the error (5a) of the composed data unit (6).

8. The method according to claim 7, wherein the segment (9a, 9b) also
comprises at least control information (4) of an upper protocol layer or a

30 header (3), characterized in that the composed data unit (6) is
discarded when the error (5a) is located at least partly in such a section
of at least partly composed data unit (6) which contains control
information (4) of an upper protocol layer or a header (3).

35 9. The method according to any of the claims 1 to 8, characterized in
that said lower layer is an RLC layer and said upper layer is a PDCP
layer.



data unit is an RLC SDU unit. 5 11. Protocol neans of a tel econmunication
net wor k for data transm ssion, which |ayer structure protocol neans

conpri se an upper layer and a |ower |ayer, wherei ose of
t he Iovver@b B(12) is to conpose a data unit (6) to be t&eﬁn@ﬁ?@ﬁé@ to an

upper | ayer 10 (14) fromone or nore segnents (9a, 9b) contained in the
received data wunits (1 a, 1b) and tojgetect one or nore errors (5a)
occurring in the received segnents (la, 1b), characterized in that to nake
data transm ssion nore effective, the purpose of said |ower layer (12) is
al so to tnpbeenehwodiacaouding 106any of ibetclamssitt teed, t:hatraetermaed ihayer

from 15 ofe QL enRATRiE (5fis AN LO! PLUhP P sl ErihbgE] (59)

and als ransmt_infor I 'on-concerni ng e or
nore er r@atél gsiys @p Rhe apiéunitayer (14). 12. A wirel ess termnal arranged
to fupction in a tel ecomunication 20 network and conprising |ayer
structureﬁ prat ocol .nmeans for dat aé{ﬁt? ansm ssion, which pgot ocol neans

conpri se £Qtocolh iRBaRsS| Rfera COMBUKHCRLQRr NEIWATK Of h&ladar pose of
t he |0\|Ngrtrhﬁ$|¢nsaéld>a) which tayerostposterre pietcacalEméah@)cdmphggteftaéamné?ﬁg to an
Ebet ved Ghpg’ fvdisaf £6uBt 1AR5F \RASHER el BRraae of brioWer e (5,

occurring(123) ish® ceowosala datprenits(§) 1, bebtfanshnﬂadtteralzaapper to make

dat t 12) i
a?sgﬂ? gaggnﬁ%mnonwr%efé %%E;h{%’nts (@eab@q)r ans mH{ ted ﬁ"é %&Né&er ?gyea >
from one WRitsdAa, @g%ﬁt@ defectopne onimere f§UBEe(Sa) ‘ﬁ@(ﬁlé”@g !ﬂ dhesa), and

al so to 3fedgivag NbegiTiras nmaom b)onchara@mﬂiml peahaentPfmared ctg or nore
errors (fsra}\an?s&g% MgRe " * |ve Qhe purpose of said lower layer (12) is also
to compose the data unit (6) to be transmitted to the upper layer from
15 one or more segments (9a, 9b) containing one or more errors (5a), and
also to transmit information concerning the location of said one or more

errors (5a) to the upper layer (14).

12. A wireless terminal arranged to function in a telecommunication

20 network and comprising layer structured protocol means for data
transmission, which protocol means comprise at least an upper layer
and a lower layer, wherein the purpose of the lower layer (12) is to
compose a data unit (6) to be transmitted to an upper layer (14) from
one or more segments (9a, 9b) contained in the received data units (1a,

25 1b) and to detect one or more errors (5a) occurring in the received
segments (1a, 1b), characterized in that to make data transmission
more effective, the purpose of said lower layer (12) is also to compose
the data unit (6) to be transmitted to the upper layer from one or more
segments (9a, 9b) containing one or more errors (5a), and also to

30  transmit information concerning the location of said one or more errors
(5a) to the upper layer (14).



