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$°Jl; k. 2$~~+. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be
described in greater detail by means of preferred enbodi nents w t=h§ JUL 2004
reference to the acconpanying drawings, in which Figure 1 is a bl ock

di agram of the structure of the GSM GPRS sys5 tern; Figure 2 is a block

di agram of the structure of the UMIS system Figures 3a and 3b illustrate
protocol stacks of user data connections in the GPRS and UMIS; Figure 4 is
a signalling chart illustrating a prior art handover process 10 fromthe
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20 packet numbers need not be transmitted with the data packets. According to a
preferred embodiment of the invention, a data packet number can be attached
to data packets transmitted in poor transmission conditions or due to limita-
tions of the system at certain intervals. The data packet number is not added
fo each data packet, yet the data packet counters can be synchronized.

25 An advantage of the method and arrangement of the invention is
that in optimal transmission situations acknowledged data fransmission can be
guaranteed without having to transmit any data packet number. in non-optimal
transmission conditions data packet numbers are transmitted in very few data

_ packets. Another advantage is that the data packets to be acknowledged and

30  removed from the buffer can be determined unambiguously. A further advan-
tage is that the method according to the invention is not applicable oniy to in-
ternal handover between radio network subsystems of the UMTS, but also to
handover between the UMTS and the GPRS, provided that corresponding vir-

tual data packet numbering will aiso be introduced into future GPRS versions.
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35  which are related to the packet radio service and include the contents of sub-
scriber-specific packet data protocols.
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35 to be transmitted in the data packet are attached after these
definitions. JJ! _ ~uu9t 15 The data packet structure described ab®vgiii 52584
only an exanple of how a PDGP-PDU data packet according to the inverition ’
can be fornmed. -Aiternatively, the information included in the data packets
PDCP-SDU arriving fromthe upper application-level |ayers can be forwarded
fromthe PDCP | ayer 5 using three different data packets PDCP-PDU:

PDCP- No- Header - PDU, PDCP- Dat a- PDU and PDER- SeqNum PDU, whi ch are
illustrated in Figures 9a, 9b and 9c, respectively. According to Figure 9a,
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packe® pagketsr fravelewhen acknowledged transmission is used in PDCP data

transmission. A PDCP entity receives a request (PDCP-DATA request, 500) to

transmit data packets from the user as well as data packets PDCP-SDU (Ser-

vice Data Unit) together with the request. Being network layer data packets,

, these packets are also called N-SDUs. The PDCP entity compresses the

25 header fields of the data packets and sends the resulting data packets fo the

PDCP-PDU RLC layer (RLC-AM-DATA .request, 502) together with the identity

data of the radio link. The RLC layer is responsible for transmitting (send, 504)

data packets PDCP-PDU and for acknowledging successful transmission

(send ack, 506). In the PDCP entity the data packets N-SDU are inserted into

30  a buffer, from which they are not removed until an acknowledgement (RLC-

AM-DATA .conf, 508) of successful transmission of data packets to the receiver




10 a PDCP- SegNum PDU dat a packet is used. Consequently, the receiving PDCP
synchroni zes its data packet counter with the transmtting PDCP ut%liz'n

t he data packet number sent, which is the qui ckest possible way to aéHLe%@é.
synchroni zation. Furthernore, data transni ssion can be continued as soon as
t he counters have been synchroni zed, and it is unnecessary to clear 15 the
radi o bearer, which mght result in greater |l oss of information. After
synchroni zation, data transm ssion can bgqcontinued using the data packet
format defined for fhe radio bearer, e.g. PDCP-No-Header-PDCP data packets.
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ternal handover between the radio network subsystems of the UMTS.
20 In principle, the functions of the PDCP layer can also be imple-
- mented by muitiplexing several PDP contexts in the PDCP layer, in which case
one RLC entity in the RLC layer below the PDCP layer receives data packets
simultaneously from several radio bearers. In that case the data packet num-
B Pers defined on the basis of the PDCP entity are mixed in the RLC layer and it
25 s difficult to separate data packets arriving from several radio bearers from
one another, particularly if the data packet numbering is based on RLC se-

quence numbering.

Lossless handover, in which data packets are not lost in the hand-
over process, is needed in reliable datg transmission which utilizes acknowi-
30 edged transmission. This sets certain requirements for the RLC layer of the
UMTS system: the RLC layer has to be in the acknowledgement mode and the
RLC must be able to send the data packets in the right order. If these condi-
tions are met, reliable handover can be performed from the GPRS to the

UMTS according to a preferred embodiment of the invention without having to
35  transmit any data packet number,




conparing the value of the receiver's counter with the convergenggﬂﬁuﬁ .
packet nunmber of the received convergence protocol packet, and updating tﬁe _
val ue of the receiver's counter to correspond to said so . convergence ’
prot ocol packet nunber in response to the val ues being unequal. 3. A nethod
according toclaiml1l, char act ar iz ad by said predeterm ned
process of the tel ecommuni cations system being discard of a data packet or
handover. 4. A nethod according to. any d@e of the preceding clains, ¢ h a
rs5 acterized by renDV|g$)unacknomAedged user data
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ot tt efin t def d

e 1 e e ?H%bﬁ%%‘ﬁ‘ ﬁbﬂgﬁﬁgﬂwdﬁﬁﬁeﬁ 108 SR A e or
the precedFy’ \%HQAP P usgdqin thigcdesaripiani ean hatreplaceldtvetreﬂmmmsmndens

system i s iagfansiisn sfinecBPRIGRI kIEPLS nunication system such as the
UMTS ) t he GPRS 111 zes acknow edged transmission. 7. A

st e ich u
et hod Caccor di ng t f P’:\%tﬂ?ma aceofding fo the inventionjwijl be iustrated avith ﬁ@wret hod
is applied. |Whleartbe\tEanSlmﬁu@eFDORréM\%@(FDG)@déﬁ%ck@@l’@mﬂ Z

oot oo PR SRR el uf ot FEE bl s ind Potrmmopia
packet - swiGaliieddds e CEMGRRRUE! semseroes hambe (029 dopihis eta packet. MRl (MBS,
UE) and a tfanepfitiif PRICP tWRshftsCRaRidE ke B 5L e PDCP-PDU
15 ~ Sequence number logically attached to it to the RLC fayer (704) and adds one
(706) to the counter that determines the value of the PDCP-PDU sequence
number. The RLC layer may also optionally define the ratio between the
PDCP-PDU sequence number and the last RLC sequence number of the data
packet and store it in ‘memory (708). The RLC layer is responsible for trans-
20 mission of PDCP-PDU data packets between the transmitter and the receiver .
(710), the data packets PDCP-PDU being split into data units RLC-PDU for
transmission and numbered with RLC sequehce numbers. When the receiving
PDCP receives (712) a data packet PDCP-PDU from the RLC layer, it adds
one (714) to the counter that defines the value of the PDCP-PDU sequence ,~
25 numbers and transmits the data packet PDCP-SDU fo the next layer (716). An |
acknqwledgement of a successfully received data packet is sent to the trans-
mitter (718) in the RLC layer, and the transmitting RLC transmits this acknowl-
edgement to the transmitting PDCP (720). In response to the acknowledge-
ment, the transmitting PDCP removes the data packet PDCP-SDU in question
30 from the buffer (722). The correct data packet PDCP-SDU to be removed is
~ determined preferably by means of a PDCP-PDU sequence number logically
attached to the data packet.
Thus data packet numbering according to the invention is preferably
performed ‘virtually, which means that no separate data packet numbers are
35 added to the data packets, but the transmitted data packets are updated on
the basis of the counters and the receiving PDCP and the transmitting PDCP




25 (SGSN, SRNC) supporting packet-sw tched data transm ssion) data packets
. being arranged to be sent between the term nal and the network elefef! il
t he tel ecommuni cations system and the tel econmuni cations protocol of the

t el econmuni cati ons system conprising a convergence protocol |ayer (PDCP,
SNDPC) for converting user data packets into convergence protocol packets,
so and a link layer (RLC, LLC) for transmtting convergence protocol
packets (PDCP-PDU) as data units (RLC PDyg and for acknow edging the
transm ssion, in ich systemin the transm ssion of data packets between
the term n&RNA%ge HE‘ piegeRseful dlaasmission oh datp parkets mumther basis af caugted to be
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t el ecoygruni cati on stem accordi n I'n t hat
15 the on%‘?’S{eﬂBa B%/ H@@ém'ﬁwarmmdae@ammrwehereesmméhie Wnﬁhéen peossastter' s
gunter | sone pangehahgebe added to the convergence protocol packet to be
sént -at predet erm(begaanter Is in { Ponse to the i nk | ayer being unable
to guarantee ackno 8 NERgFRNAESIURogE. 8 ghviafetheeneimerk isneo eds, the

val ue of toetheseds disturbanoamirethel sidis péﬂgQHeth_dDﬂ?a Wn@b'g@a?&téétalﬂ:—t he
EQQEEE TP RELOE, BTl RG] ACimabiByhFae, & SPPalyEFtDe dat e
to corl™ WW@&L@ adrickigeither @ nondse ofretraasmiasidres of & peripiahse to
the val UeSm@QMﬁ‘i@h YAE JH4Msmitting RLC tries to retransmit the same data packet. If the
maximum value is exceeded, the RLC layer informs the receiving PDCP of
this. The transmitting PDCP removes the corresponding data packet from the
buffer in connection with the next successful data packet transmission. This

20 also happens when several successive data packets have lost. The lost data
packets are removed from the buffer when an acknowledgement of the next
successfully transmitted data packet is received. If the RLC can inform the

PDCP layer of all lost data packets, the receiving PDCP can update the
/Je PDCP-PDU sequence number correctly, and thus the sequence number

25  counters of the transmitting PDCP and the receiving PDCP remain synchro-
nized. However, in some interference situations the RLC layer cannot guaran-
tee that the PDCP layer is informed of lost data packets, in which case the
PDCP-PDU sequence number counters may become asynchronous in the
transmitting PDCP and receiving PDCP.

30 According to a preferred embodiment of the invention, this asyn-
chronization can be corrected by sending a PDCP-PDU sequence number
with the data packets PDCP-PDU at certain intervals. When the receiving
PDCP receives.a transmitted data packet PDCP-PDU and a PDCP-PDU se-
quence number attached fo it, it compares the PDCP-PDU sequence number

35 with the counter value, and if necessary, updates the counter value to corre-
spond to the PPDCP-PDU sequence number of the received data packet, At-




25 11. A tel ecomunications systemaccording to claim9, ¢ h ar a-<§ ML 2004 -
terized in that said predeterm ned process of the tel econmuni cations system
is discard of a data packet or handover. 12. A tel ecommunications system
according to any one of clainms 9 so toll, characterized in that

unacknow edged user data packets are arranged to be renoved fromthe buffer
I n response to the fact that an acknow edgenent is sent fromthe receiver
to the transnitter of reception of a coffergence protocol packet
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s, ACY A% g\ngg%ggig%@% AYTOCRSTORR Rt iegsh tabe attached to each data
U,IA\;{(E g‘;i ;)g%augrgfv%mmmmifsion condgiong bcut re-s nchroniz%tioga 1:: théa] Scyas]“ca] caV]
ca] caj E:é]tgz%] ﬁﬁ@:?a] cal ca %ﬁ?g‘%méfb@ﬁ%’c% 1%2;3? %éaﬁ'l'mavm ,13]n]
al]111]171]Prfy: B xREEFRBDlY ithuey o, WAth qrdokels: Alswfaial, clts alzal] cal ca].
ol s st e el )
ca] ca] ¢ a]rﬁg? @zﬁa&ae@éﬁm grg}@ ISR Y cidfe glackptataB\E cpnfeddd beeads@V] | | ca]
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ca] cegcal ca] ca] C?dicjl?re 8 illustrates a structure of the PDCP-layer data packet
PDCP-PDU according to the invention. The data packet PDCP-PDU according
to the invention can be used both when the PDCP-PDU sequence number is -
omitted from the data packet and when it is added at certain intervals defined
by the system. The first byte of the data packet PDCP-PDU comprises one bit
20 (N) whose value indicates whether a PDCP-PDU sequence number will be
attached to the data packet PDCP-PDU or not. Bit O indicates whether an op-
timisation algorithm is used for forming a data packet PDCP-PDU. If bit O re-
ceives value 1, optimisation is used and it is defined mbre accurately with a
12-bit optimisation fieid (OPT), which contains four bits from the first byte of )i
25 the data packet PDCP-PDU and all bits of the second byte. Values of the op- ‘
timisation field are used for determining the compression method of the
header field and the data packet type, for example. On the basis of the optimi-
sation field values the receiving PDCP can perform opposite procedures on
the data packet, such as decompression of the header field. There are no pre-
) 30 determined values for the optimisation field, but the transmitter and the re-
celver always agree on them separately in the negotiation of PDCP parame-
ters. A PDCP-PDU sequence number field containing one byte, i.e. 8 bits, is
optional and is used if bit N receives value 1. In that case the PDCP-PDU se-
quence number is added to the data packet PDCP-PDU, The actual user data
35  to be transmitted in the data packet are attached after these definitions.
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“HWUBM | | %fegrg}é n(glyGt mgm@r( jnofdexh g tite datax rpacketsom&u larriving
T#10900& ( from H¥/EESed dpglichtion-level layers can be forwarded from the PDCP layer
S using three different. data packets PDCP-PDU: PDCP-No-Header-PDU,
PDCP-Data-PDU and PDCP-SegNum-PDU, which are illustrated in Figures
9a, 9b and 9c, respectively. ‘
According tc Figure 9a, the PDCP-No-Header-PDU comprises
only data, i.e. the PDCP-SDU received from the upper layers as such. Thus
10 the PDCP layer does not add any information to the PDCP-SDU, in which
) case the whole PDCP-PDU is used for transmitting payload. Consequentiy,
b the PDCP-No-Header-PDU can be preferably used in acknowledged data
transmission described above in which data packet numbering is maintained
by means of counters. o
15 One byte (8 bits) has been added to the PDCP-Data-PDU of Figure
9b to indicate the PDU type in question and the compression method to be
applied to the header field of the PDCP-SDU. In fact, the tasks of the PDCP
layer include functions related to improvement of channel capacity, which are
typically based on optimisation of data packet header fields by means of vari-
20  ous compression algorithms.

The PDCP-SeqNum-PDU of Figure 9c¢ also comprises a corre-
sponding extra byte for indicating the PDU type and the compression method
to be applied to the PDCP-SDU header field. In addition to this, a PDCP-PDU

} sequence number with a length of two bytes, i.e. 16 bits, has been added to it.
25 Both in the PDCP-Data-PDU and in the PDCP-SegqNum-PDU the PDU type is
indicated with three bits, and thus it separates the PDCP-Data-PDU from the
PDCP- SeqNum-PDU The compression method to be used is indicated with

five bits.

One of the functions of the PDCP layer is to transmit data packets

30 PDCP-PDU and, if necessary, PDCP sequence numbers related to the pack-
- ets to a new radio network subsystem in internal handover (SRNS Relocation)
between radio network subsystems in the UMTS. During the handover the in-
terference situations described above may render the data packet counters
asynchronous and cause a situation in which the transmitting PDCP has sent
35 adata packet (e.g. PDCP-No-Header-PDU) but it has not been transferred to
the new receiving PDCP. When the maximum value of retransmissions has
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synchronized. Such an error situation may result in clearing of the radio
bearer.

kil

According to a preferred embodiment, the transmitting PDCP is
- made to send-a data packet number with the first data packet in the buffer, i.e.
10 a PDCP-SeqNum-PDU data packet is used. Consequently, the receiving
PDCP synchronizes its data packet counter with the transmitting PDCP utiliz- )
ing the data packet number sent, which is the quickest possible way to
achieve synchronization. Furthermore, data transmission can be continued as
soon as the counters have been synchronized, and it is unnecessary to clear
15 the radio bearer, which might result in greater loss of information. After syn-
chronization, data transmission can be continued using the data packet format
defined for the radio bearer, e.g. PDCP-No-Header-PDCP data packets.
It is obvious to a person skilled in the art that as the technology ad-
vances, the inventive concept can be implemented in various ways. The inven-
20  tion and its embodiments are thus not limited to the examples described above
but may vary within the scope of the claims.
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Claims

1. A method for transmission of data packets in a packet-switched
telecommunications system, the telecommunications protocol of which com-
prises a convergence protocol fayer (PDCP, SNDPC) for converting user data

5 packets into convergence protocol packets, and a link layer (RLC, LLC) for -
transmitting convergence protocol packets (PDCP-PDU) as data units (RLC-
PDU) and for acknowledging the transmission, the method comprising

defining a data packet number for the convergence protocol packets

to be sent by a counter,
) 10 transferring the convergence protocol packets to be sent to the link
layer for transmission,
defining a data packet number for received convergence protocol
packets by the counter,
acknowledging the received convergence protocol packets, char-
15 acterized by

adding the convergence protocol packet number defined by the
transmitter's counter to the convergence protocol packet to be sent in re-
sponse to performance of a predetermined process of the telecommunications
system, and

20 - updating the value of the receiver's counter to correspond to said
convergence profocol packet number.
\ 2. A method accordingtoclaim1,characterized by
| ) performing said adding of the convergence protocol packet number
to a convergence protocol packet to be sent in the link layer at predetermined
25 intervals in response to the link layer being unable to guarantee acknowledged
transmission of the convergence protocol packets,

comparing the value of the receiver’s counter with the convergence
protocol packet number of the received convergence protocol packet, and -

updating the value of the receiver's counter to correspond to said

30. convergence protocol packet number in response to the values being unequél.

3. Amethod according to claim1,characterized by

said predetermined process of the telecommunications system be-
ing discard of a data packet or handover.

4. A method according to. any one of the preceding claims, char-

33 acterized by
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knowledged user data packet has been removed from the transmitter's buffer
10 after the maximum value of retransmlss:ons defined in the link layer has been
’) ~ exceeded.
6. A method according to any one of the preceding claims, char-
acterized inthat |
said telecommunications system is a packet-switched mobile com-
15 munication system, such as the UMTS or the GPRS system, which utilizes ac-
knowledged transmission.
' 7. A method according to claim 6, characterized in that
the method is applied in handover between the UMTS and the
GPRS.
20 8. A method according to claim 6, characterized in that '
the method is applied in handover_between radio network subsys-
tems in the UMTS.
9. A packet-switched telecommunications system which comprises
L/ a terminal (MS, UE) and a fixed network, which comprises a network element
25 (SGSN, SRNC) supporting packet-switched data transmission, data packets
being arranged to be sent between the terminal and the network element in the
telecommunications system and the telecommunications protocol of the tele-
communications system comprising a convergence protocol layer (PDCP,
SNDPC) for converting user data packets into convergence protocol packets, -
30 and a link layer (RLC, LLC) for transmitting convergence protocol packets
(PDCP-PDU) as data units (RLC-PDU) and for acknowledging the transmis-
sion, in which system in the transmission of data packets between the terminal
and the network element
a data packet number is arranged to be defined for the convergence
35 protocol packets to be sent by means of a counter,
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! J’fﬁ&lo%?l 28 ()- til'\e Value of the receiver's counter is arranged to be updated to cor-
respond to said convergence protocol packet number.
10. A telecommunications system according to claim 9, ¢ h arac-
terized inthat :
15 the convergence protocol packet data number de‘r“ ned by the trans-
mitter’s counter is arranged to be added to the convergence protocol packet to
~ be sent at predetermined intervals in response to the link layer being unable to
guarantee acknowledged fransmission of convergence protocol packets,
the value of the receiver's counter is arranged to be comparable
20 with the convergence protocol packet number of the received convergence
protocol packet, and
the value of the receiver's counter is arranged to be updated to cor-
‘ respond to said convergence protoco! packet number in response to the val-
) ues being unequal.
25 11. A telecommunications system according to claim 9, charac-
terized inthat ,
said predetermined process of the telecommunications system is
discard of a data packet or handover.
12. A telecommunications system according to 'any one of claims 9 -
30 tol11,characterized inthat |
unacknowledged user data packets are arranged to be removed
from the buffer in response to the fact that an acknowledgement is sent from
the receiver to the transmitter of reception of a convergence protocol packet
corresponding to the user data packet sent after the unacknowledged user
35 data packets. '
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10 156. A telecommunications system according fo claim 13,

j characterized inthat '

the convergence protocol packet number is arranged to be defined
by a counter in handover between radio network subsystems in the UMTS.
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