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conver genceoptedt ocRcortfinieté & GPRS system (Update PDP Context Re-
_ quest/Response, 420). Thereafter, the serving node 2G-SGSN informs the
30 . home location register HLR of the new operating node (Update GPRS Loca-
tion, 422), and the connection between the old serving node 3G-SGSN and
the radio network subsystem SRNS is disconnected (424a, 424b, 424c, 4244d),
the required subscriber data are transmitted to the new serving node 2G-
SGSN (426a, 426b) and the home location register HLR acknowledges the
35 new serving node 2G-SGSN (Update GPRS Location Ack, 428).




3s arranged to be transmitted on the link layer to the recipient, gn o004
response to the v ~~ G-'! 19 |link |ayer being not capable of se@uﬁﬂi !ng£ q'
reliable transm ssion of the convergence protocol packets and the counter
value of the recipient is arranged to be updated to correspond to the
counter value of the transmtter such that the | ost convergence 5 protocol
packets are taken into account in the counter value. 10. A

t el ecomuni cation systemas clained in cld8®m9, c har ac terized in that

the | ost convergenc QC t [ I ed t i dentified on the
link |ayer to the r%??ﬁ@%tﬁ{? Q%Eﬁ’nﬁﬂ(ge %@'%e&%ﬁsﬁﬁ% ﬁ”§§F”'3"c‘an@*r"i§ence
10 protocol Og m['ﬁrﬂatt%“/l%aad it focaiipmeniCihermobite stdtion S onlits| agar
that is assan@drésebss [k ' 1l : i | 0 tem.as
clai med 10 glai Ml ﬁ@!"%‘%’“%%? e sEplify FERERE SN M PR,
protocol patREPniMS,A &ﬁg@ach S Eeqursitior updatiep dhafrpuling weea mequised pyent
by defi ré ngtmhmobifabtémeMS?guwgwl f(Rﬂ_Sgﬁtﬁéfétﬁécé(}ittF Hs@ﬁ%lthigséo -
conver gence 0 o 12, el eco I cati gn system as clalned in
o3 enditnd e i Rfasioh” pn thhepoCaREar eorRyeR of diiBoiiele ReREES is
associ at ed FprsmitiedHol thetmahitesstafion §4B cihend ataqekefAisdfihg beealtraggileio be
i dentified e mni catj on system a I ped | y one
of clains Q%E%f ?i?;ﬁlgrﬁéﬁg?"@%§$ ?ﬁlg?ﬁf) '!‘??%"’.”aéﬂﬁﬁf%%%@t é@%&?ﬁ‘%w.ﬁg | ost
conver genceSYHeMRefpre Hacbardoyes piprassywast statted: Saitsdatat patkets reidamk
| ayer t10@ t hifigdeehpihenbasi ' A gl rdey nd to
nove the r Iei Vi Wi b?ilg\?v W?dﬁ?@%@?@%ﬁ@gﬁgﬁ ds%‘:j'scﬁg%aa ai med
in any one ?@&%}%Sg’ iog M$ aRknadedaes dhej #cospiancenpfl the irequeshior amti on
sys: emis eating the mnmt‘ n{n?at (mtm&dl t@raompréte,aaszﬁ%m&&&ﬁ?tm@gﬁﬁﬁ&w
system usi; - S ed tel ec | cation protocol . .
t el ecomuni lg g{%osgﬁ@égttg r#)‘I gsgéc]rl\’%gnﬂag? ?@%“%‘gﬁﬁlﬁ?a dhey OiP'}ed statiop, M B2,
that the cdiugcepsiidly seceived the dats paeiets] whinhr thegmsiving e pGSESN fiageans
of thepdentdddrrigbl r C | backets in a sb5
" handover bet mgéfllﬁ{eﬁgﬂb%g%r%ﬂg Aﬁgn&%ﬁ%&&%ﬁﬁyﬁbﬁﬁgtﬂﬁchanf ver
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the 8-bit N-PDU numbers. Thereafter, the new serving node 2G-SGSN may
start transmitting data‘_packets through the base station system (434).
The formation of 8-bit PDCP-PDU numbers from 12-bit RLC se-
20 quence numbers and the resulting problems are illustrated in the following ta-

ble.

BitNo.i12 |11 {10 |9 |8 |7 |6 |5 {4 I3 |2 1
94 0 (0 {0 |0 o |1 o |1 |1 1 1 |0
356 {0 {0 fo i1 o |4 0 i1 |1 1 {1 |o
606 [0 |o |1 o |o {4 c {1 |1 1 {1 |0
862 [0 lo |1 140 |1 0o i1 i1 1 1 |0

The table shows by way of example, how decimal numbers 94, 350,

25 606 and 862 represented as 12 bits are converted to be represented as 8 bits
' in the above manner. As only 8 least significant bits are faken into account in
the conversion, all said numbers have the same 8-bit binary representation.

- Thus, if the buffer contains almost 900 data units RLC-PDU, the data units
having the above mentioned RLC sequence numbers are represented simi-

30  larly in 8 bits. When the recipient acknowledges the successfully received data
packets to the transmitter, the transmitter cannot conclude on the basis of the
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15008 el st A e el it od i
: wlusl Hsp#' 1 A Tegee; 55 ) Yois trangioitiing dats rmackew gnd IlEbh10%&. ()
10:|C|'|}5$i8 égle(dm?ﬁ?:%/gél( Bds t%J I%&Hsﬁcﬁél 0%[?@@??@@8(8@(\!1053 Hat2 Unit) are also
$Y1wWU3{ Y7! e%'b’ ﬁ‘('“} }FE NS, sincestheyoqie data packets, of theope ()
-CIH 3 109e1(t\(v&ﬂ( "Bﬂre B’Dm%entl c?no1 resses the header fi eld of the data pack-
) 158 b 4 b PH B i g ot ot
()-"1\FD fi (l)dat@_qj%& rapios luhk o 106@RI (3yer\ (RLC-AM-DATA request, 502)
0,
o TSN i o0 i it e
#WUAME! OU (sendA504) @ng foy the acknavdedgement pf p' sLovesgiyl
1 6M 10% U tkaffistrlission (send ack, 506). In the PDCP entity the data packets N-SDU are
15 placed to the buffer, from which they are not deleted until the acknowledge-
ment is received from the RLC layer (RLC-AM-DATA.conf, 508) that the data
packets have been successfully transferred to the recipient. The receiving
PDCP receives the transmitted PDCP-PDUs from the RLC layer (RLC-AM-
: DATA indication, 510), and the PDCP entity decompresses the data packets
- 20 - PDCP-PDU. This way, the original data packets N-SDU can be returned and
they can further be transfered to the user (PDCP-DATA.indication, 512).
Figure 8 shows a functional model of a PDCP layer, in which one
- PDCP entity is defined for each bearer connection. As in current systems a
| specific PDP context is defined for each bearer connection, one PDCP entity
25 is also defined for each PDP context, and for each PDCP entity, a specific
RLC entity is defined in the RLC layer. In the GPRS system, the N-PDU num-
bering is based on the PDP context, wherefore the same principle is also sug-
gested to be used in the UMTS, whereby the PDCP layer would number the
data packeis correspondingly on the basis of the PDCP entity. By using a
30  similar numbering both in the GPRS and the UMTS, there should not arise any
problems in the handover between the systems. However, associating one
additional byte with each PDCP data packet consumes transmission capacity
of the UMTS, especially because this additional byte is only needed in the
. handover between the UMTS and the GPRS and in the handover between the
35 UMTS radio network subsystems.
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%K uTa;lér Iow]tlgn G%’E%P?ayer one R?_% él)ntltgo {%ge/rﬁg‘s data packets from several
bearer connections simultaneously. Thus, the data packet numbers that are
S defined on the basis of the PDCP entity get mixed in the RLC layer and it is
difficuit to distinguish data packets coming from several bearer connections
from one another, especially if the data packet numbermg is based on the RLC
sequence numbering.
The reliable data transmission using the acknowledged transmis-
10 sion requires a lossless handover, in which data packets are not fost in the
handover process. Thus, in the UMTS system the RLC layer should fulfil cer-
tain requirements: the RLC fayer should be in the acknowledged mode and the
- RLC should be capable of transmitting data packets in their right order without
losing data packets or it should at least be capable of indicating the disap-
16 pearance to the recipient. If these conditions are fulfilied, a reliable handover
from the UMTS to the GPRS can be performed in accordance with the pre-
ferred embodiment of the invention without having fo transmit the data packet
numbers at all. o .
In accordance with the invention, a PDCP-PDU sequence number -
20 is determined for the first.data packet of the packet data connection, and for
this sequence numbér a predetermined numerical value, such as 0, is set as
an initial value to the counter of the transmitting PDCP and the receiving
PDCP/SNDCP of the connection. The invention can preferably be applied both
in the reliable handover befween the UMTS and the GPRS and in the hando-
25 ver between the UMTS radio network subsystems {(STNS Relocation). Thus,
' the term receiving PDCP used in this description can be replaced with the cor-
responding function SNDCP of the GPRS in the first mentioned case.
In the following, the procedure of the invention is illustrated by
. ‘means of Figure 7. As the transmitting PDCP receives (700) a data packet
- 30  PDCP-SDU from the transmitter, it places the data packet PDCP-SDU to the
S buffer and associates the data ;jacket logically with a PDCP-PDU sequence
‘number (702). The transmitting PDCP transmits the data packet PDCP-PDU
and the PDCP-PDU sequence number associated with it to the RLC layer
(704) and increases the value of the counter indicating the PDCP-PCU se-
35 quence number value by one (706). The RLC layer may also optionally define
the relation between the PDCP-PDU sequence number and the last RLC se-
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() -1 &z$ ﬁqgewpq FDG@Pyegeives (712) the data packet PDCP-PDU coming from
the RLC layer, it increases the value of the counter indicating the PDCP-PDU
sequence number value of the received data packets by one (714) and trans-
mits the data packet PDCP-SDU to the next layer (716). On the RLC layer, the
acknowledgement of the successfully received data packet is transmitted to

10 the transmitter (718), which acknowledgement the transmitting RLC transfers
1o the transmitting PDCP (720). In response to the acknowledgement, the
transmitting PDCP deletes the data packet in question from the PDCP SDU
buffer (722). The right data packet PDCP-SDU to be deleted is defined pref-
erably by means of the PDCP-PDU sequence number logically associated with

15 the data packet.

Accordmg to the invention, data packets are thus numbered pref-

- erably "virtually” such that the data packets are not associated with separate
data packet numbers, but the transferred data packets are updated by means
of the counters, -and the receiving PDCP and the transmitting PDCP can verify

20  the successful transfer of the data packets on the basis of the counter values.
In the optimal case, the data packet acknowledgement according to the inven-
tion corresponds also in the handover process to the data packet acknow-
ledgement in the nomal PDCP data transmission described above. The han-
dover process itself can be performed in accordance with the prior art, for ex-

25 ample in the manner described in Figure 4. It is to be noted that although the
invention is illustrated above in connection with the handover process, the

“virtual” data packet numbering of the invention can also be used in a normal
reliable data transmission, in which the recipient and the transmitter are the
- same all the time, whereas in the handover process the other party changes.

30 However, the above "virtual® data packet numbering causes addi-
tional problems in some disturbance situations, e.g. when the network is heav-
ily loaded or when there are disturbances on the radio transmission path, and
particularly in the handover between the UMTS and the GPRS and the intra-
UMTS handover, whereby the RLC layer cannot guarantee that data are

35 transmitted reliably. A maximum value is typically defined for the transmitting
RLC, either as the number of retransmissions or as a time period, during which
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the fransmitting RLC tries to send the same data packet anew. If the maximum

value is exceeded, the RLC jayer informs the receiving PDCP of this. The
transmitting PDCP deletes the corresponding data packet from the buffer dur-
ing the next successful data packet transmission. If the RLC layer can report
all the lost data packets to the PDCP layer, the receiving PDCP can update
the PDCP-PDU sequence number right, and the sequence number counters of
the transmitting PDCP and the receiving PDCP remain synchronized. How-
ever, in some of the above disturbance situations, the RLC tayer cannot guar-

‘antee that the lost data packets on the RLC iayer are reported to the PDCP
layer, -and the PDCP-PCU sequence number counters in the transmitting
PDCP and the receiving PDCP may become unsynchronized.

A data packet discarding function is started on the RLC layer when-
ever the transmitting RLC detects that the maximum time or the number of
retransmissions is exceeded, which causes that the data packet is discarded.
The discarding function is associated with an MRW command (Move Receiv-
ing Window), which is transmitted to the receiving RLC and by which the re-

~ceiving RLC is directed to move the receiving window such that the receiving

RLC does no longer wait this data packet to be received. In the MRW com-
mand, the first RLC sequence number of that data packet is reported to the
re'ceiving RLC which is assumed to be the next data packet to be received.
Thus, the receiving RLC is not aware of how many data packets have actually
been discarded, and the data packet counters of the transmitter and the re-
cipient cannot be synchronized. |
Figure 8 illustrates a prior art MRW command. The MRW command
is transmitted in a data unit of a so-called status PDU type, i.e. a data unit by
which the recipient is informed of the state of the system and controlled in the
manner the state requires. According to Figure 8, the types of a data unit (800)
and a control command (802) are defined in the first byte. In the second and
partly in the third byte, the first RLC sequence number (804) of that data
packet is transmitted which is assumed to be the next data packet PDCP-PDU

to be received. The third byte also comprises the end field of the control com-

mand (806). There is another version of this MRW command which slightly
differs from what is described above. That version takes notice of the fact that
one RLC-PDU may comprise information on several PDCP-PCU packets. The
control functions of both known MRW commands, however, are substantially
similar.
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tn accordance with the invention, the data packet discarding func-
tion on the RLC fayer is improved such that the receiving RLC is made aware
of all discarded data packets. The receiving RL.C can thus transmit the infor-

- mation on the discarded data packets fo the receiving PDCP, which preferably
. regulates the PDCP-PDU sequence number counter value to correspond to

the transmitting PDCP counter vaiue. The receiving RLC is made aware of all
discarded data packets such that the transmitting RLC reports in the MRW
command the number of the discarded data packets and aiso identifies the
data unit RLC-PDU that is assumed o be received next in the above manner.
According to a preferred embodiment of the invention, the receiving
RLC is made aware of all discarded data packets by reporting each discarded
data packet separately in the MRW command. This is shown in Figure 9a il-
fustrating the MRW command according to the preferred embodiment of the
invention. The types of the data packet (900) and the control command (902)
are defined according io the prior art MRW command in the first byte. The

- second byte comprises a field (904) for expressing the number of the dis-
-carded data packets, after which field each discarded data packet is identified.
The identification can preferably be performed by associating the MRW com-

mand with a 12-bit, i.e. 1,5-byte, RLC sequence number associated with each

- discarded data packet (906). Finally, the RLC sequence number is identified

(908), which is assumed to be the next data unit RLC-PDU to be received. The
last byte also comprises the end field of the controt command (810).

This way, the receiving RLC is capable of checking from the field
indicating the number of the already discarded data packets (804), how many
data packets have been discarded, which information is transferred to the re-
ceiving PDCP, which preferably regulates the PDCP-PDU sequence number
counter value to correspond to the counter value of the transmitting PDCP. By
identifying each data packet separately, the MRW command provides the ad-
vantage that each discarded data packet can, if required, be identified sepa-
rately, e.g. when a new MRW command or the same MRW command as a
retransmission arrives at the receiving RLC before the acknowledgement of
the previous MRW command. In the above MRW command,' the lost data
packet can naturally be identified by associating the MRW command with all
RLC sequence numbers associated with the data packet in question.

As an alternative to what is said above, the receiving RLC is made
aware of all discarded data packets in accordance with the second embodi-
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ment of the invention by reporting only the number of the discarded data
packets in the MRW command. This is shown in Figure 9b iliustrating the
MRW command according to the second embodiment of the invention. The

- types of the data packet (920) and the control command (922) are defined ac-

5 cording to the prior at MRW command in the first byte. The second byte com-
prises a field (924) for expressing the number of the discarded data packets,
after which the RLC sequence number of the data unit, which is assumed to

be received next, is identified (926). In addition, an individual sequence num-

ber is defined for each MRW command (928). The last byte contains the end

10 field of the control command (830). 7

In this embodiment of the invention, the MRW command is prefera-
bly kept short, as each data packet is not identified séparately. On the other
hand, the length of the MRW command in the first embodiment seldom in-
creases considerably either, since the situation in which there are more than

15 one discarded data packets at a time, is extremely rare. The sequential num-
bering of the MRW commands prevents those problems that could appear
when a new MRW command or the same MRW command as a retransmission
arrives at the receiving RLC before the acknowiedgement of the prewous

- MRW command.

20 It is obvious for a person skilled in the art that as the technology de-
velops, the basic idea of the invention can be implemented in a variety of
ways. Thus, the invention and the embodiments thereof are not restricted only
to the above examples, but may be modified in the scope of the claims.
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CLAIMS

1. A data packet transmission method in a packet-switched tele-
communication system with a telecommunication protocol comprising a con-
vergence protocol layer (PDCP, SNDCP) for adapting user data packets to

- convergence protocol packets and a link layer (RLC, LLC) for transmitting the

oKt 2o

convergence protocol packets (PDCP-PDU) as data units (RLC-PDU) and for

acknowledging the transmission, the method comprising

defining by means of a counter a data packet number for the con-
vergence protocol packets fo be transmitted,

transferring the convergence protocol packets to be transmitted to

- the link layer to be transmitted,

defining a data packet number for the received convergence proto-

- col packets by means of the counter,

acknowledging the received convergence protocol packets to the

transmitter, characterized by

transmitting the identification data of the convergence protocol
packets lost on the link layer to the recipient in response to the link layer being
not capable of securing a reliable transm:ssmn of the convergence protocol
packets, and

updating the counter value of the recipient to correspond fo the

counter value of the transmitter such that the lost convergence protocol pack- _.

ets are taken into account in the counter value,

2. A method as claimed inclaim 1, characterized by

identifying the convergence protocol packets lost on the link iayer to
the recipient by defining the number of the lost convergence protocol packete
and the data unit sequence number of the link layer that is assumed to be re-
ceived next.

3. Amethod as claimed inclaim2,characterized by

identifying each lost convergence protocol packet to the recipient by
defining the link layer sequence number associated with each lost conver-
gence protocol packet.

4. A method as claimed in claim 3,characterized by

identifying each link layer sequence number associated with the lost
convergence protocol packet.

5. A method as claimed in any one of the preceding claims, char-

acterized by
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transmitting the identification data of the convergenée protocol
packets lost on the link layer to the recipient’in a link ayer data unit comprising
a command to move the receiving window (MRW).
6. A method as claimed in any one of the preceding claims, char-
acterized by
said telecommunication system be[ng a packet-switched mobile

' communlcatlon system, such as the UMTS or the GPRS system, using the ac-

knowledged transmission. : _

7. A method as claimed inclaim6,characterized by

the method being applied to a handover between the UMTS and the
GPRS.

8. A method as claimed inclaim6,characterized by

-the method being applied to a handover between the UMTS radio
network subsystems.

9. A packet-switched telecommunication system, which comprises a
terminal (MS, UE) and a fixed network comprising a network element (SGSN,

. SRNC) supporting a-packet-switched data transmission, in which telecommu-

nication system data packets are arranged to be transmitted between the ter-
minal and the network element and which is a telecommunication system pro-
vided with a telecommunication protocol comprising a convergence protocol
layer (PDCP, SNDCP) for adapting user data packets to convergence protocol
packets (PDCP-PDU} and a link layer (RLC, LLC) for fransmitting the conver-

- gence proiocol packets as data units (RLC-PDU) and for acknowledging the

transmission, wherein in the data packet transfer between the terminal and the
network element '
-a data packet number is arranged to be defined by means of a
counter for the convergence protocol packets to be transmitted,
the convergence protocol packets to be transmitted are arranged to
be transferred to the link {ayer to be transmitted,
~ a data packet number is arranged to be defined for the received
convergence protocol packets by means of the counter,
the received convergence protocol packets are arranged to be ac-
knowledged, characterized in that, |
| the identification data of the lost convergence protocol packets are
arranged to be transmitted on the link layer to the recipient in response to the
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~ such as the UMTS or the GPRS system, using a packet-switched telecommu-
30 nication protocol. '

15. A telecommumcatton system as claimed in claim 14, ch arac-
terized inthat .
the counter value of the recipient is arranged to be updated by me-
ans of the identification data of the lost convergence protocol packets in a
35 handover between the UMTS and the GPRS.
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