Communi cati on nethod, user term nal, network el ement
and conputer program Field [0001] The invention
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network el enent and a conputer programin a radio
system Background [0002] In radip systenms, such as
the WCDVA (W de band Code Division Miul tiple Access)
or the UMIS (Universal Mbbile Tel econmuni cati ons
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packets are usually protected agai nst noi se, fading
repriamyer f erence by channel coding, such as FEC
(Forward Error correction Coding). In spite of
rotection, the reception of a packet may fail, which
ieddbe conpensated for by retransnission. The
retransm ssion takes place when the receivin
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C (Medi Gm Access Control) layer of the radio system
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layer. In this case, the comuni cated packets can be
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be repeated. This can be performed by an ARQ (Automatic Repeat Request)
mechanism. In a receiver utilizing HARQ (Hybrid ARQ), the faulty packet and
the retransmitted packet can be combined to increase the probability that the
information of the packet is properly received. According to the OSI (Open
Standards Interconnect) protocol model the HARQ function can be included in a
physical layer or in a MAC (Medium Access Control) layer of the radio system,
both layers residing below an RLC (Radio Link Control) layer. In this case, the
communicated packets can be considered protocol data units (PDU) of the MAC
layer.
[0003] In the WCDMA uplink the ARQ retransmission functionality is imple-
mented in the RLC layer. The transmitter side RLC (in the UE) adds an RLC
PDU number to each RLC PDU (both in acknowledged mode (AM) and unac-
knowledged mode (UM)). The receiver side RLC (in the RNC) then requests
retransmissions (in AM) of missing PDUs and puts the PDUs in the original

order based on these RLC PDU numbers. There is no other retransmission pro-



retransm ssions (in AM of mssing PDUs and puts the
PDUs in the original order based on these RLC PDU
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specified below RLC, which inplies that RLC PDUs are
received in the sane order as tlrﬁrg_;y were transmtted
(there can be '"holes', i.e., so PDUs may be m ssing
due to transm ssion errors, but no PDU can 'pass'
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[0005] The enhanced uplink dedicated channel (E-DCH) of the WCDMA radio
system is proposed to utilise the HARQ. Due to retransmission(s), however, the
protocol data units of the RLC layer can be received in an order different from
the order they were transmitted. Thus, for example, two successively transmit-
ted data units may actually be received in opposite order and there may even be

data units between them.

[0006] In the HSDPA (High Speed Downlink Packet Access) a reordering en-
tity of the MAC-hs layer below the MAC-d layer reorders MAC-hs protocol
data units. A MAC-hs protocol data unit waits in a queue before proceeding to
MAC-d layer until all MAC-hs protocol data units having lower transmission
sequence number have been received or a timer expires. In a similar manner,

when enhanced uplink DCH (Dedicated CHannel) of the WCDMA system is



data units. A MAC-hs protocol data unit waits in a

gueue before proceeding to MAC-d | ayer until all
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sequence nunber have been received or a tiner expires.
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have different priorities, there can be transport

hookdivétshg-odnitithie. wi th different priorities within
one transport channel. The different priorities should
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hay
ent1ty q;a¥ow a}[hg MRC—d. Since MAC-d (in the transmitter side) can multiplex

different logical channels into one transport channel and different logical chan-
nels can have different priorities, there can be transport blocks (MAC-d PDUs)
with different priorities within one transport channel. The different priorities
should be reordered separately, otherwise a higher priority PDU may have to
wait for the reception of a missing lower priority PDU. Therefore, some priority
information should be added to each MAC-e PDU (cf. QID of MAC-hs PDU)
which increases the overhead.

[0009] The reordering of the blocks requires that each block has a unique se-
quence number which lengthens headers and increases signalling. In the

HSDPA (High Speed Downlink Packet Access) communication, several MAC-
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i ncreases the overhead. [0009] The reordering of the
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i nvention, there is provided a com nuni ¢cati on net hod

[0813] Aenosdiagdo am aspah ofstha gnventienwiicke inpragded arapnamunica-

tlondmethod in a radio system comprising a network infrastructure, and at least
one user terminal communicating with the network infrastructure over an air
interface, the method comprising associating data units of each logical channel
with sequence numbers in a transmitting user terminal.

[0012] According to another aspect of the invention, there is provided a com-
munication method in a radio system comprising a network infrastructure, and
at least one user terminal communicating with the network infrastructure over
an air interface, the method comprising associating data units of each logical
channel with sequence numbers in a medium access control-d entity, in a radio
link control entity or in an entity between a radio link control entity and a me-
dium access control-d entity of a user terminal. ‘

[0013] According to another aspect of the invention, there is provided a com-

munication method in a radio system comprising a network infrastructure, and



at | east one user term nal communicating with the

network infrastructure over an air interface, the
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[0016] According to another aspect of the invention, there is provided a com-
puter program product of a radio system comprising a network infrastructure,
and at least one user terminal communicating with the network infrastructure
over an air interface, the computer program product comprising data units of
each logical channel that are associated with sequence numbers in a medium
access control-d entity, in a radio link control entity or in an entity between the
radio link control entity and the medium access control-d entity of a user termi-
nal.

[0017] According to another aspect of the invention, there is provided a com-

puter program product of a radio system comprising a network infrastructure

and at least one user terminal communicating with the network infrastructure



and at | east one user term nal comunicating with the
network infrastructure over an air interface, the
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[0019] According to another aspect of the invention,
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channel from a user terminal, the data units being associated with sequence

numbers in a user terminal; and the network element is configured to arrange
the data units of each logical channel in order according to the sequence num-

bers associated with the data units.

[0020] According to another aspect of the invention, there is provided a radio
network controller of a radio system comprising a network infrastructure, and at
least one user terminal is configured to communicate- with the network infra-
structure over an air interface, wherein the radio network controller is config-
ured to receive data units of each logical channel from a user terminal, the data
units being associated with sequence numbers in a user terminal; and to arrange
the data units of each logical channel in order according to the sequence num-

bers associated with the data units.



nunbers in a user termnal; and the network elenent is

configured to arrange the data units of each | ogical

wa@ b@snoedess n order according to the sequence nuPChERE05/000096

associated with the data units. [0020] According to

anot her aspect of the invention, there is provided a
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a network infrastructure, and at | east one user
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system comprising a network infrastructure and at least one user terminal com-

municating with the network infrastructure over an air interface, wherein a user
terminal is configured to associate data units of each logical channel with se-
quence numbers; the network infrastructure is configured to receive the data
units of at least one logical channel associated with sequence numbers; and the
network infrastructure is configured to arrange the data umnits of each logical
channel in order of the sequence numbers.

[0025] According to another aspect of the invention, there is provided a radio
system comprising a network infrastructure and at least one user terminal com-
municating with the network infrastructure over an air interface, wherein a user
terminal is configured to associate each data unit of a logical channel in one

transmission time interval with one sequence number and a user terminal is con-



[ 0024] According to another aspect of the invention,
there is provided a radi o system conprising a network
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a radio system [0029] Figure 2 |Ilustrates an
effect of HARQ process on the order of the PDUs,

[0030] Figure 3 illustrates an OSI model of the radio system,
[0031] Figure 4 illustrates a MAC-d entity in a user terminal,
[0032] Figure 5 illustrates a MAC-d entity in a radio network controller,

[0033] Figure 6 illustrates a block diagram of reordering in the radio network

controller,

[0034] Figure 7 illustrates data flow between different layers,

[0035] Figure 8 illustrates data flow between different layers,

[0036] Figure 9 shows two transmitted logical channels multiplexed into one
transport channel,

[0037] Figure 10A shows several PDUs of one transmission time interval
associated with a common sequence number,

[0038], Figure 10B shows several PDUs of one transmission time interval

associated with one sequence number,



[0030] Figure 3 illustrates an OSI nodel of the radio
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entity in a radio network controller, [0033] Figure 6
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network controller, [0034] Figure?7 illustrates data

fl ow between different layers, [0035] Figure 8
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resent solution. Description of enbodiments [0045]

0431 Figurg 1 idesteatessthetserustura of wrradisf systaradThe sadie ewstem can

TRkl 8, B T R RSBl oS 90Bhe 6 S omications)
(sl QT SRARGEy AT BB e o ot

DavigioneVRiie Mikesd)or exanpl e, correspond to the
conbi ned struc turé of the GSM and GPRS (Cener al

[o0eiet TR G0 $RtSoeInSY ToesBamplRe cERMpide the otiBiRed struc-
are responsi ble for the inpl emenfation of circuit -

8w ©of Hleel GSM and GPRS (General Packet Radio System) systems. The GSM
network elements are responsible for the implementation of circuit-switched
connections, and the GPRS network elements for the implementation of packet-
switched connections, some of the network elements being, however, shared by

both systems.

[0047] A mobile services switching centre (MSC) 100 enables circuit-switched
signalling in the radio system. A serving GPRS support node (SGSN) 101 in
turn enables packet-switched signalling. All traffic in the radio systerm may be
controlled by the MSC 100.

[0048] The core network may have a gateway unit 102, which represents a
gateway mobile service switching centre (GMSC) for attending to the circuit-
switched connections between the core network and external networks, such as
a public land mobile network (PLMN) or a public switched telephone net-work
(PSTN). A gateway GPRS support node (GGSN) 103 attends to the packet-
switched connections between the core network and external net-works, such as

the Internet.



connections, and the GPRS network el enents for the
i npl ementation o f packetsw tched connections, sone of
wo b@snedesr K el enents bei ng, however, shared bRCh®12b05/000096

systens. [0047] A nobile services switching centre

(MSC) 100 enables circuit - swt ged signalling in the

radi o system A serving GPRS supg rt node (SGSN) 101

in turn enabl es packet-switched signalling. All

gggabg IThd MIO e 00 PRy SGSN ARy cdifhet Rt fo0h k&H o R)céfenet-work
C 100. [0048] The core network may have a gat eway

UAN) 102, wiliclc mayequmepestt at laeagiainevwastomdtivioek sentrolier 106 con-

switching centre éq?MSC for attending to the

&olling atsigpstconamedn Bet?3.ohise mdiowstiverkecerallanctlfoedn also be

a ext.ernal ..net wor k such.as blic | a mobile .

ARG RO sl il e ncioR b il R s station. A

WRE KelaRAMN l%%oﬁﬁﬁ dte g@féﬁ&r dndRS% BHER %Vé'ro%hair inter-

attends to the packetsw tched connections between e

faoee network and external net-works, such as the

I nternet.[0049] The MSC 100 and the SGSN are connected

[0058] Bt asaccassinalel10o0¢dn COANMunifste withchod®Bs 108 using a

conprise at |east one radio network controller 106 con

©PBIS meghed. Datasin pasketscwmtEnlgidressrandr eatiteol rdatavan leddition to
ontrol.ler..106 cany also be called a basg station ..

B8 el BFEric it D SO0 TC AR BB PYaHsasgdihe transmis sion

. er D

T G T s

thissidiswhetethel d¥d tolBE raasmAesaTd f%( fdfaGedMrl huRdeh Bechl®Base, it

using a GPRS nethod. Data in packets contain address

iamdt voetssaty wealbodate adaiatlidnfdrdhe batiwcduration odfifanemission but

S I ti I t he same
Sititor e Fione itriahnero Snpamirdhe packst. s reduces costs and saves

FREERS FOULRRR B 300 oSty vibief i ybieRl gerwork
inRrabithstuse of ﬂl&‘dﬁ#bn%sféglﬁ %taﬂ bk dofisidlle rfS‘iﬁlélgtﬁé é}ltcﬁher elements

all ocate a data e entire durat

¢fi tha sadisssiystenb ukcapiltlye fiser tétmginhise 0i whichkes ub@ally mobile.
transmt the packets. This reduces costs and saves

[0051] When the user terminal 110 transmits a signal 200, such as a packet, to a

node B 108, the node B 108 either receives it correctly or has a failure in recep-
tion. The node B 108 or the radio network controller 106 calculates a checksum
(CRC = Cyclic Redundancy Check) and compares a checksum included in the
packet with the calculated checksum of the packet. If the two checksums match,
the packet is properly received. If, on the other hand, the checksums do not

match, there is a failure in reception.

[0052] Figure 2 represents retransmission and its effect on the order of the
PDUs. In this example both the user terminal and the network infrastructure
have buffer memories for storing PDUs. The first PDU 200 is successfully
transmitted from the user terminal to the network infrastructure in the first TTI
(Transmission Time Interval), which is acknowledged by an ACK (Acknowl-
edgement) signal 214 from the network infrastructure. The second PDU 202 is



capacity considerably during both the set-up and use

of the network. A network infrastructure of the radio
waymsenesan be considered to include all otherPet/@mees®o096
of the radio system except the user termnals 110

whi ch are usually nobile. [0051], When the user

termnal 110 transmts a signal 12100 such as a packet,

to a node B 108, the node B 108 either receives it
t&g%frﬁﬁéé,ybxﬁr ad ASfalls| fld HE IR ihRGstAR thiePfransiifts RONAEK (Not

1 or the radio network controller 106 cal cul ates a
ackacwidpeeRf) sigtyLRi6. ReduhddRDUCR@LHY tendmitbepanewssiully
a checksumincluded in the packet with the cal cu] ated

agideedlaomlodgacheiinered CK signab 2 fofreme thes natvorkt BrTastructure.
T OO R R S e BEC che e raamisgion Tl gpin and the
ByD s FORALK SERTOR0% Ihe fou PDU 206 i

sEBbSss IR tdbetvedk an® | Rkhowiedebe Bisah ASKNsiEdal DD, tTe: second

network ‘i nfrastructure have buffer nmenories for
R Ur20yisPRtsnshlged forsthe BELbRDGmesamslinowsthe urdnsmission 1s suc-
transm tted fromthe user term.nal to the networ

) K .
qepsihsthapetmosk iptraEnGtyiesransmits an Addhisignad @2 e transmis-

L nt er )., Whj.ch i s acknow e c .
sl By sPRliEes Satfat B ViR S P e, b (R egransmis-
IO cARES Ak PRYZR%d X ad iR e)&il\ﬁlib&ﬂ@%hé brdediteSomtb e, 3, 4,
network infrastructure transmts a CK ( Not
Ackwiivhatgdsenby aslagipad i?d propEperddii rd PDU 204 is
transmtted successfully and acknow edged with an ACK
[008BRIFigh8 ¥ stowd tie pretowot krohitbetase ofitheelemetitse foremmaple, in
PDU 202 is retransmtted, but the retransm ssion fails

thg /M T ar e DMAwsrdiosysteas tWsing dhe QFlaperipeel mofpickhe user

si gha 0. The fourth PDU 206 is full

Pl ddOhay domecagedoryaroneal BRERT Py 30pg.a MAC-d
ST AE0T FYERE.C SnfiB] SO0F M b By REL by RIRP iy torminal
haY RSt donebridecad ERRNSMO0B BatwlEiKtisd BN e#d. 3000eand the MAC-d
transm s sion of PDUs continues simlarly with the

dnitfty BOPDU 208, etc. The retransmi s sion causes the

PDUs to be mxed and in this exanple the order becones

[0054] Theznode BuHI& mayeeetsprise &M AG-grepsidy 3028, pridypeical entity
3062%? ra'tramsport network (TNL) entity 3024 and a framing protocol entity (FP)
3026.

[0055] The radio network controller 106 may comprise an RLC entity 3040, a
MAC-d entity 3042, a MAC-¢ entity 3044, a framing protocol entity (FP) 3046
and a TNL entity 3048. The RNC may also comprise an entity 3048 between the
RLC entity 3040 and the MAC-d entity 3042. The entities can be considered
operational units accomplished by electronic circuits having processors and
memories. The actual operations can be carried out using suitable computer pro-

grams.

[0056] The RLC entities 3000, 3040 in the RLC layer of the OSI model are the

protocols that control the transmission over the air interface in the packet



[0053] Figure 3 shows the protocol architecture of the

el ements, for exanple, in the UMIS or WCDVA radi o
wayasenessssi ng the OGSl protocol nodel, the usePCT/FI2005/000096

term nal 110 may conprise a radio link control (RLC)

entity 3000, a MAC-d entity 3002,,.a MAC-e entity 3004

and a physical entity 3006. The Jger term nal may al so

conprise an entity 3008 between the RLC entity 3000

aweich&® chbedioansf the BRPES hARPYstdhie e, Bn %%aﬂfaﬁéatures of
conprise a MAC-e entity 3020, a physical enti

thet REASlayet amee formxan(pl@yLfjove lct)ntryl P érraﬂfbcﬁavéf}a m ng
rotocol entity (FP) 3026. [0055] The radi o network
"M oThe MAGBd fayercis mot isymnaetriRl Dt ehe |Myx®ﬂ4@1,t1tms 3002, 3042

d entity 3042, .a MAC-e entjty 3044, a fram
i C@Fﬁmteﬁ(te(nlfpi)l th et 4aaninal L0 el iytha GSC Hie The pro-

i BRI B ARG TS0 bty BB, bt fplice, mue

b@ﬁ!?b%ndl%gﬁ,‘ﬁl QH%I?etlé R@kratBhdi? cBS | élﬁ&e ﬁiebé‘ir interface

eI ectronl C clrcuits havi Ng Processors an

lelogidal haopss avhichcaade tapsal o eshspokt ¢lfdnﬁi@1s Wthh in turn,
sui tabl e computer pro grams. [0056] The RLC entities
goDbe nwpEdita nhyeloRLdmageésr Tdfe logicabshamade incdwde, tireexample,

Riarsiteg (DT Rkt ol GHBARoAG LA lrt GPL e sontrol

R e, SRR AP Bl chame

g 050 ety T

watfenchanmel (BT ($Brander whidatectidial aothron tiadhieiadis (CTCH).

The pro tocols of the MAC-d entities 3002, 3042, _
Hlilﬁ&geThe péAfee hayer @anitresusedcte, handlle,i fopleznmple, rahweesd uplink

RSk B Gy T RRCE b b Rep s cions
Hop LR AT SR D R Pl e BRBRY bfindies the
%AQKQ%&% gégl}&aég%ﬁi?gﬁﬁ?a%eqqﬁg@ lpr68287%L TTI is usu-
ally performed. A MAC-e header can be added to each MAC-e PDU (such as a
E-DCH transport block). The header may include a sequence number for reor-
dering.

[0059] In the MAC-e entity of the network infrastructure the functions may
include the following. Fast scheduling of the E-DCH transmissions are per-
formed between the user terminals. MAC-e generates one ACK/NACK signal
of the HARQ operation with respect to one transmitted TTI. The received
MAC-e PDUs can be reordered according to the received MAC-e sequence
numbers. MAC-e header is removed, MAC-d PDUs extracted and delivered to

the layer above (MAC-d).
[0060] The signalling between the user terminal and the node B takes place in

the physical layer. The physical entities 3006, 3020 may also be in charge of the
HARQ operation.



channel (PCCH), an uplink/downlink (UL/DL) dedicated
control channel (DCCH), a (UL/DL) common control

wa@ b@snoedes§ CCCH), a (UL/DL) dedicated traffic chermREDO5/000096
(DTCH) and a unidirectional conmon traffic channel
(CTCH). [0058] The MAC-e | ayer cajp be used to handl e,
for exanpl e, enhanced uplink DCH Specific functions.
In the MAC-e entity of the user term nal the functions

10061 ]I hedENT héhtftRk [3004Ng04 7€ ¢ G041 TaYePOArr PB4t the signal-
user term nal handl es the hybrid protocol rel ated
flimgchétorahithy nodeeB HARQuA eeRNGAN6TTheiffarming pidtycol entities
performed. A MAC-e header can be added to each MAC-e

MA
0206 304t dea] witichemiers phthaeltyisienl shamelsiisach eagennertion frame
i ncl.ud nber . for . dering. [0059].In . .
R S5 TR s RSB 56d e 7S Sombining
i include the fol l owing. Fast schedulin
SHAEE RS, L i 51 ons are per 7 of med between ¢ he
tﬂgg&%?‘h@ﬂ?ﬂle% 1%@@ E&'ﬁz)ﬁ@& e MRECAPEN £ s@0ahtdrdering

RQ operation w respect to one transmitt

Ehtity fheordeigvefthiietcuii s peaforbrdriadhd @odd B. In this case, the
according to the received MAC-e sequence nunbers.

R ane favkrihese engitivsed, MAC-d PDUs extracted and
delivered to the | ayer above (MAC-d). [0060] The
§900H| ThaprbidtoncidlfBi AB28,s2048 betasal thanRLEnlayan ged ghe MAC-d

BB s P S1R e BIRA Bk . e
SpAD oy 008, Thes ookt 58 %04 AP B! B e

Poyes BidDGaadifistion 126 bérsfahdthefoBE B 269lor the RNC 106
entities 3026, 3046 deal with headers of the physical

ah 8renBICH, estityh3 G, dlonensbitlyi 304 &f orzimethe MB&1-d (e@il)y 3042 rearranges
BRI b FR BB BB s Th
AT, R P s ied b8y a8 a a GRERARLSEY BB POty ghat the
ub€ of et trBnsthibstoll $q688&% nifiBer (TSN) and the reordering may be per-
formed in RLC entities, MAC-d entities or in separate entities between the RLC
and MAC-d layers.

[0064] Figure 4 shows the MAC-d entity 3002 below the RLC entity 3000 in
the user terminal. The transport channel type switching entity 400 can switch
the mapping of one designated logical channel between common and dedicated
transport channels. Since this is related to a change of radio resources, the chan-
nel switching is controlled by the radio resource control.

[0065] In the numbering entity 402 sequence numbers are associated with
PDUs to be transmitted to the network infrastructure. This is performed by add-
ing successive numbers in headers of successive PDUs in a predetermined win-
dow. The maximum value of the sequence number defines the length of the
window. After all numbers reserved for sequence numbering have been used,

the numbering starts from the beginning. The sequence numbers indicate the



RNC may | ack these entities. [0063] The entities 3008,
3028, 3048 between the RLC | ayer and the MAC-d | ayer

WO 200826680 t he present sol uti on where the userPCEFIDITAI00096
110 in the RCL entity 3000, the entity 3008, 3028,

3048 or in the MAC-d entity 3002I ssoci ates the PDUs

W th transm ssi on sequence nunber’s and the node B 108

or the RNC 106 in the RCL entity 3040, the entity 3048
ofdler it WHRHMAE EDERArE Yradthfitd B ThERAGVT ds56ciAhs alllPPBUs with
proper order according to the transm ssion sequence
dififerdeat seqinncd asirableds meisopodsiideetot agsoemtS@ash dB28nit of one
3048 represents the possibility that the use of the )
transméssierstioe istagveliwdh pustseaueiTSNyUAbRY, 8RS apsasiaiing daja units
.may be per formed in RLC entiti.es, MAC-.d entities oOr

in SUeGESSivS PSR OTL e dRTREUATS YER Syccesitie Rkpieor Bybers.

R LM e R g B gLt 08 RN o one
uffa‘@ggéﬁ'chagﬂa awg@ Hh&&i@%ﬁiﬁ%ﬁ%}%@i@ﬂ dahnéihR added in the

I'ng of one designat ogl cal channel between

headsnsr thePIoEdiofalifierant #6 palrdhaahelsnl sevefdl dogichlndlmninsls are
related to a changgI of radio resources, the chan nel .
nswitipbdxedgnic ono MAE-etowortttansparti dhanash UrheeCEb idensification

L0531, 0 LIS MATEELLER I i A2, SERVBISS, TR (Tt
SR SIS EHY o 10 Sy RESR 5DhBlod , orr

RhsRsESILIEG M Bnd P WonTid® offBhd A Yedouecedoritit. In a ciphering
sequence nunber defines the |length of the w ndow.

eAtite A0 ltlansparbet mode detavean Heoziphegdence nunbering have
been used, the nunbering starts fromthe begi nning.

[0067]s Ensteat: of therpkacs shosincit Bigune d; dlee numbaeninghentity 402 may

i in Pe V- dsaen 0 ahos C/T eniy Ak SR indhpdlLl: entity
o ‘ by PO . .

e e To B 2L ity Feofiifiend MR BB gy, Flig numbering

%ﬁﬁ 4001 & HO sHHSRASRIYE CIRRAMES BLP 5165%); iﬁ?}tgigﬂfg/ﬁgré/ 8héh logical

successi ve sequence nunbers. [00

chahhélyshQid have sefaiatp nenmiskeitioc dlende) thyi mahbeiam oefity 402 may
onto one
first detect the C/T field which is the same as the logical channel number and

then associate the channel with a sequence number. The numbering entity 402
can number the PDUs in each logical channel separately, i.e. each channel has a
distinct sequence of numbers.

[0068] According to another embodiment the numbering entity 402 may be a
discrete entity of its own and the numbering entity 402 may reside between the
RLC entity 3000 and the MAC-d entity 3002.

[0069] Figure 5 shows the MAC-d entity 3042 below the RLC entity 3040 in
the RNC. A C/T entity 500 demultiplexes a transport channel into several dedi-
cated logical channels according to C/T field in the header of the PDUs if more
than one dedicated channel is multiplexed onto a transport channel in the user

terminal. The C/T header is removed in this entity.



transport channel. A C T identification of each

| ogi cal channel is added in the header of the PDUs of
waledoseresst | ogi cal channels, if several | ogi caPCT/FI2005/000096

channel's are multiplexed into one MAC-d flow or

transport channel. The C/ T identification is usually a

4-bit channel nunber in the headd® of a PDU. The TFC

(Transfer Format Combination) entity 406 performs
{0070 PDhE of i erﬁﬂ? sté);zadgg&ﬁ&és ﬁférdﬂée&ivea PHUSE Bcherroa]ccording

sel ecti on under contr the radi o resource con
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DR RET dft fay JowsT BHATHURBL delay ebo i reeption and
Lcak t el i .e. ,each channe as a

Al Il SRR Bt <fi ST IR PTG Remory. A
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di screte entity of 1ts own and the numbering entity

a16Q beaysadeti Henibeheveetitihd i Grethti PHUIOAN andehh g/ith belated

- d %ntity,SOOZ._ [0069] Figure 5 shows the MAC
%ﬁ% JFhesrdeneg sntitha0Ru@eramoye He4gequenchauRer aAd forward

: . o it
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aneelpe RN Bt SO S ol § SR ey g g s
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sequence number given by the nunbering entity 402 of
[0022]1 € thet srondleritlg of thee BDSRY i tprfithiddyinOthe BNE, RAfhc diver-

sgtr}]feco%l%nier{]lcgt (Il\tﬁ)(%oc%% l;)er uttilri]zeed,.vﬁl ‘;};je IE/I%(EE égnals (PDUs) from differ-
ent node Bs can be combined on the basis of the connection frame number in
the RNC. The combining can be, for example, performed using a selection
combining method. This gives some advantages, such as constant Iub traffic,
MD combining without delay, no synchronization of several reordering queues

ete.

[0073] Figure 6 shows a block diagram of ordering in the MAC-d entity. In this
case there are several E-DCH transport channels per one user terminal and per
one TTI Since the MAC-e entity 3044 maps each E-DCH transport channel 600
to one MAC-d flow 602, the MAC-e entity 3044 is not necessarily needed. The
dashed arrow illustrates, however, the case when MAC-e multiplexing is used.

Otherwise each transport channel is mapped into one MAC-d flow. The DCH



3002. Since each | ogical channel can have only one
priority, for instance, in the WCDVA and UMIS radi o
wGeymsensss t he priority need not be signall ed WaT/RI2005/000096
saves space in the signaling overhead. A reordering

gueue can be used sepa rately fO,f’ each | ogi cal

channel , which has the advant agthat high priority

PDUs need not wait for any |ower priority PDUs del ayed
chxnﬁegg 604 8.0 M ACRERGE H02NFe iRhtdSHE MACNE. dehhdtiplexer 606
reordering queue can be acconplished by a nenory.
(vbrirepands to QYT leatisy 500pwhictedemeltfetesrth¢si imid fogica channels
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cenrdisaresgle(asRCliscrate betityt deiparasel fromm thehnMADE] entityn3(4 and the

PDUs). framdiffer ent node Bs.can he ined on th

S ctisy 300 AbsratiRbn The RdcTHEBRNS] S04 Mot RLC
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e?i’lt%gp%@'n conbi ni ng nmethod. This gives sone
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1 Y
188y berpgssibie st Peribon the JReysisHng i RangJanBOBracEsyh s the opera-
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the MAC-d entity 3042, the MAC-e entity 3020 is substituted for the MAC-e
entity 3044 and the entity 3028 above MAC-d entity 3020 is substituted for the

entity 3048. The entity 3028 may also be considered to be a part of the RLC

entity in the node B.

[0077] Figure 7 shows non-transparent data flow between an RLC layer 700
and a physical layer 704. The RLC layer of the user terminal forms RLC data
units 706 to 708 from the data units received from the higher layer. In the MAC-
d layer 702 of the user terminal sequence numbers 710 to 712 are attached to
MAC-d data units 714 to 716. Also C/T identification numbers 718 to 720 may
be attached to the data units of different logical channels (if several logical

channels are multiplexed into one transport channel) and data blocks 722 to 724



(corresponds to T/ T entity 500) which denultiplexes
theminto | ogical channels 608. The PDUs in each

wo ogsoadesghannel 608 can be arranged into a prBEEFI2005/000096
order in ordering units 610 (corresponding to ordering
entity 502). The ordered PDUs ar? then input to the
RLC entity 3040. This all ows di fflérent error
protection for different |ogical channels or transport
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several | ogica
numbers 820 to 822 are attached to the data units of different logical channels, if

several logical channels are multiplexed into one transport channel, and data
blocks are formed. After that the data blocks 824 to 826 proceed to MAC-e
layer 804 which may attach a MAC-e header 828 to data blocks 824 to 826
transmitted in one TTI and combines the data blocks 824 to 826 into a transport
block 830. In this way, the overhead can be reduced. In the physical layer 806
CRC checksums 832 are associated to the transport block 830.

[0080] After reception of the transport block in the physical layer 806 of the
network infrastructure (usually node B) the associated CRC checksum 832 is
compared with a calculated CRC checksum to check the quality of the recep-
tion. In the MAC-e layer 804 the transport block 830 is split into data blocks
824 to 826 and possible MAC-¢ headers are removed in order to form data units

824 to 826 for the MAC-d layer 802. In the MAC-d layer 802 of the network



channel s are nultiplexed into one transport channel)
and data bl ocks 722 to 724are fornmed. After that the
walanoa/oidess ks proceed to the physical |ayer whePer/@R®5/000096
checksuns 726 are associated to each data block 722 to
724. [0078] After reception of th data bl ocks 722 to
724 in the physical |ayer 704 of 'he network
infrastructure (usually node B) the associated CRC
Bifesliasiid 46sa3lyCRNEYIBE WAL dod 43 s B tdBE8 of each logical
checksumto cheCk thé quality of the recep tion. In
themnbA@ra atrayged 702 mbpeherdeetavoordingfto aberTSNumanbers 812 to
éusuall RNC) the MAC-d data units 714 to 716 of each
Hhyi'lhe Togicad shpnngle ary demgléiplexedagsprding toitliepossible C/T iden-

Rl uber 52610 R H0EhTer e, deth 4t nificeed BeWaNduto RLC
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ta units e orward to the RLC | ayer 700 and

[0S ErEd Y 10%i&a1 dhARA&] i ?é‘ag}ggﬁ)gg%?‘gﬁpdd}g&%;y Cg«f’g’iéﬂt channel

data fl ow between an RLC

mayber 806 CHT diegd ia NEVIAC-aly Beadddt is Tlied RbGdpayses thé logical
the user termnal forns RLC data units 808 to 810 from

¢hvanglst id MGl mattiplosingfofosavetad logipabchhmyads intoronehtransport
C-d. | ayer of. the user term nal sequence nunber .
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into one transport channel, and data bl oCks afe
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to MAC-e | ayer 804 which may attach a MAC-e header 828
tepardely, bhesers moucadotaoeplicitlyisignal dbie ipniasty oy savigg on the

C rrb(a(nes I.he dat.a HI ocks 824 to 826 into a transport
]6158% sigaghing ovetheadyay "t he overhead can be reduced.
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g et
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cal cul ated CRC checksum to check the quality of the
tocdhwsical layer for channel coding and transmission.

[0083] Figure 9 shows two transmitted logical channels multiplexed into one
transport channel. As illustrated, MAC-d PDUs 900 to 902 can be numbered
separately with sequence numbers 904 to 906 in the first logical channel 908. As
an example, the first PDU 900 may have a sequence number TSN = 1 and the
second PDU may have a sequence number TSN = 2. The same is also true for
the second logical channel 914 where the PDUs 910 are associated with se-
quence numbers 912. The logical channels are separated from each other by C/T
identification numbers 916 to 918. Transmission sequence numbers 800 to 802
may have, for example, 8 bits, since there can be several PDUs within one TTL

This is, however, less than required for MAC-e numbering, if each MAC-d



tion. In the MAC-e | ayer 804 the transport block 830
is split into data bl ocks 824 to 826 and possible

woR@sp7dseder s are renoved in order to form dapaEr/@nrnes®00096

824 to 826 for the MAC-d | ayer 802. In the MAC-d | ayer

802 of the networkinfrastructure @usually RNC) the

MAC-d data units 816 to 818 of edch | ogi cal channel

are arranged in a proper order according to the TSN

PG Sived dsiwB MACIOBeh RS Sidke QH@PH@H% RlcHtification number is
denul tTpl exed according to the possible C/T Iden

hotf nezd@edon nunber 820 to 822. Thereafter the data

units proceed forward to RLC | ayer 800 and hi gher

[084] sFight080A Ehaotws laogbssibilith aonstortemntheelemgitb exfettie MAC-d
separately. The | ogical channel nunber (the CT field
{rAngIRISSionCscguRBeRi apmbes. e gxamples fhe semet Wangnaigsion| sequence

SRERRE B0 md) Brc e T KR8 1 CF A Rde P o e dogicat
{eﬁh‘%lﬂepgt)@@'traﬁm v%ftﬁﬁﬁhgéf@?@% 40§6. Blair %Iﬁflﬁgfca%hannels

he transport channel use ne priorities |

VB 008ctiffesys sedueice nuflidre 1900 £10 BMfAytHisedasid the logical
| ogi cal channel has a given priority. Now, if the se
chramels argrispatated fiom cadh odhary FUT ddertifi¢ationomembers 1014 to

ER B SR PP BRI o oighon e 1000 t
' ' ' d. [0082] If MAC
%@fﬁa’ﬁg’?gkgﬁgb:‘@qﬂ‘gﬁg@“g nE)_ MAC]-e headerg may need to
(53R LSRRl Bopieton | Rrdif 30 simitr
Bt ih iFiFdreaMATMA@J GREeaas chi et sédRkY iBea PESieeH chéhnel by
physi cal | ayer for channel coding and transm sSion.

¢@0BBing ihpuhederstibMs\ € wbPDUarsving €tk $ange trahsmivaiomedesuence
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second PDU may have a sequence nu
sanseqemksunibaretHedicallbs RO dfogfiealMalGamely Ba¢ be com-

where the PDUs 910 are associated with se
bined into a single header of a second MAC entity residing below the first MAC

entity. Hence, information on a transmission sequence of the PDUs of the first
MAC entity can be attached to a header of the second MAC entity without at-
taching the information to a header of the first MAC entity. For example, the
MAC-d PDUs 1002 (SDU1 and SDU2) may have a common header 1050 relat-
ing to one logical channel and transmission sequence. In a similar manner, the
PDUs 1004 (SDU3 and SDU4) can have a common header 1052, and the PDUs
1005 (SDUS and SDU6) can have a common header 1054.

[0086] Since the MAC-d entity makes the transport format combination selec-
tion, the MAC-d entity knows which MAC-d PDUs are transmitted within the
same TTIL Only one transmission sequence number per one TTI is enough, be-

cause the MAC-d PDUs within one TTI cannot get into disorder and the reor-



guence nunbers 912. The | ogi cal channels are separated
fromeach other by CT identification nunbers 916 to

w@1®5/0T668sm ssi on sequence nunbers 800 to 802P@EYI2005/000096

have, for exanple, 8 bits, since there can be several

PDUs within one TTlI. This is, however, |ess than

requi red for MAC-e nunbering, if<€ach MAC-dPDU is

given its owmn MAC-e header, since the priority

alens id iondy RBASH THEPDSs m@tdiﬁsﬁ%%df'rﬂs@@ﬁ%is% re % 5 bit
shows a possibility to shorten the length of the’ MAC

tramsIB BN sequssguammesmuab &e .enbogh €4 diplcan belemoaghevith 10 ms
transm ssi on sequence nunber 1000 may be used for all
TRE-dbmomsyioreadsd votn2 ans THE). | ogi cal channel 1006

fr nsmtted vvi,ihin the first TTlI 1010. In_different
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theylopralisleshnel PG} forimed! Bn dBsxunipled thosmndbdduericé Aumber is
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u@A, fowall MAC BB sdaansbatted avitted ane BT T, apid saccedsarenelquence
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B theesddoad PIT PG tl‘iﬁ IPESTy NG 200is ARhsAtited HAISRMRay have the se-

| ogi cal channel and having one conmon transm s sion

gueance muenariBeN, = 2 hin theatiedsTBF 1 PRUsheoPDS 1 13X, 1VBE are trans-
entity may be combined into a single header of a

wateshand/etteaf them meay bavey theesasiwenee nimbsr THRC oAt Int the forth
R T 6, 20 123, B et d Bad ARG S gnay have the
PP Ak 1886228 MR i 4P Pt 5 28 g

anbithey hiveethheqebridumndRG2rNBL| andkoSiddh. nay have

a conmmon header 1050 relat ing to one |ogical channel
00881 rEipard Exilhitragquememisdion & sn B-DOH sbansl in thecase when

MAC-d layer multiplexing is used, i.e. the PDUs 1202 to 1206, 1222, 1232,
1234, 1242, 1244, 1252 include C/T field, since separation in the logical chan-
nels is performed. Also in this example, the same sequence number is used for
all MAC-d PDUs of the same logical channel transmitted within one TTI, and
successive sequence numbers are used in successive TTIs. Thus, in the first TTT
1200 PDUs 1202 to 1206 are transmitted and the PDUs 1202, 1204 belong to
the same logical channel (C/T = 1) and their sequence number may be the same
(TSN = 1). A PDU 1106 belongs to a different logical channel with a C/T num-
ber C/T = 2, but it may also have a sequence number TSN = 1. In the second
TT1 1220 a PDU 1202 is transmitted and it may have the sequence number TSN
= 2 and the logical channel number C/T = 1. In the third TTI 1230 PDUs 1232,
1234 are transmitted. The PDU 1232 may have the logical channel number C/T



PDUs 1004 (SDU3 and SDU4) can have a common header

1052, and the PDUs 1005 (SDUS5 and SDU6) can have a
waeoomsoneekeader 1054. [ 0086] Since the MAC-d enpCT/§¥12005/000096

makes the transport format conbination selec tion, the

MAC-d entity knows which MAC-d P are transmtted

wthin the same TTI. Only one tr&lsm ssion sequence

nunber per one TTl is enough, be cause the MAC-d PDUs

Wi tt Bl DR hdhcCARBBET ?Slg 4 Bt R iSO 51dS brafBhittdtein the third TTL
q] ed f P TTl s.
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this exanple, the sane sequence nunber is used for all

VAC—d1 pdishe saqenice heohbeai TBN=dnén THd fifthriT 125 s PDIE 1252 is
sequence nunbhers are used in successive TTls, Thus, in
fraasmytiesk andrpt megohavigethoplogicr] whapaeli nwwber £/T = 2 and the se-

transmtted all of t may have the sequence
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n the tort I 1140 t PDUs 1142, 1144 are

thameiliat¢ assaiated otith eéqudnesnnumybdrair d trensefitiegager terminal.
nunber TSN = 4. In the fifth TTl 1150 the PDU 1152 is
Thasletd enigsiobearh logieal channs! cie be agsemated with sequrse Aumbers

T G Bk st A48 g oo it
VA s, i B gy o B R 406

[AODO) Fighre 34" QRSHREY L NOW, Ll |7 SR RABOIENAH O M prosent
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channel transmtted within one TTlI, and_ _
sequence numbers in the user terminal are received in the network infrastruc-
ture. In step 1402 the data units of each logical channel are arranged in a net-

work element of the network infrastructure.

[0091] Figure 15 illustrates a flow chart of an embodiment of the present
method and the computer program. In step 1500 each data unit of a logical
channel in one transmission time interval is associated with one sequence num-
ber. In step 1502 data units in successive transmission time intervals are associ-
ated with successive sequence numbers in a transmitting user terminal.

[0092] Figure 16 illustrates a flow chart of an embodiment of the present com-
puter program. In step 1600, the data units of each logical channel are arranged

in order in a network element of the network infrastructure. The arranging is



successi ve sequence nunbers are used in successive
TTls. Thus, in the first TTI 1200 PDUs 1202 to 1206

wae@shrassm tted and the PDUs 1202, 1204 bel onpCT/BI2005000096

same | ogical channel (C/T = 1) and their sequence

nunber may be the sanme (TSN = 1) PDU 1106 bel ongs

to a different |ogical channel 2?h a T number T

= 2, but it may al so have a sequence nunmber TSN = 1.
pécfbhfed %é&ﬁm@ﬂo #R22Q ﬁeﬁ@h&%@grs' a?ss&élﬁféﬂn%vithecﬂe @1 units in
It may have th sequence nunber TS and the | ogica
tHeauseelterminkler C/ T = 1. In the thlrd TTI 1230 PDUs

1232, 1234 are transnmitted. The PDU 1232 may have the

[(0913¢ aEveh athnegh nthebenvélition s adekcribed s eboren cwithusdference to
TSN = 3, because it is transmtted.in the third TTI. A
mml@s@Cﬁegdlm&véthq@cmmaamngcwéﬁﬁegs nbwn@mﬂmt theginvention

Aottt E%f ﬁWﬂ%ﬂ DULSER b A8 A HGT OB hE thigghe gpope of

ﬂﬁﬁﬂﬁﬁ% (|n the TTI 1220 there is no

tra n1SS|on o " PDU(s) having the |ogical channe
nunber G T = . Inthe forth TTI 1240 PDUs 1242, 1244
are transnitted and both of them may have the | ogica
channel nunber C/T = 1 and the sequence nunber TSN =
4. In the fifth TTI 1250 a PDU 1252 is transmtted and
it may have the |ogical channel nunmber C/T = 2 and the
se quence nunmber TSN = 3 and so forth. [0089] Figure
13 illustrates a flow chart of an enbodi ment of the
present method and the conputer program In step 1300,
data units of each |ogical channel are associated with
sequence nunbers in a transmtting user termnal. The
data units of each |ogical channel can be associ ated
W th sequence nunbers in a nedium access control -d
entity, in aradio link control entity or in an entity
between a radio link control entity and a nedi um
access control-d entity. [0090] Figure 14 illustrates
a flow chart of an enbodi nent of the present nethod.
In step 1400, data units of at |east one | ogica
channel associated with sequence nunbers in the user
termnal are received in the network infrastruc ture.
In step 1402 the data units of each |ogical channe

are arranged in a net



wor k el enment of the network infrastructure. [0091]

Figure 15 illustrates a flow chart of an enbodi nent of
wo b@spreasent net hod and t he conputer program POT/ELREE/000096

1500 each data unit of a |ogical channel in one

transm ssion tine interval is assQciated with one

sequence num ber. In step 1502 d&ta units in

successive transm ssion tinme intervals are associ ated

Mdilhsuccessi ve sequence nunbers in a transmtting

user termnal. [0092] Figure 16 illustrates a flow

chart jof pa FReRE RN r o
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exanpl es according to the acconpanying drawings, it is

cl ear ot %&f?‘?@ghmﬁm&?ﬂ mﬁgpgowﬁgﬁ' cted thereto but

can be in several ways "t he scope of

the appesidig, ¢h dBetGlork MBfrdstribt@aAN ARt GMatTehdtWhe logical
in a radio systemconprising a network infrastructure,
chahngt asseattedwathisegnener mimbéersdo timemser deinmgalyiand t he
network infrastructure oyer an air interface, the

met ho¥TARSHBE; &1 ﬁgneég@asléieiffmﬁ@t ehthe pefwtask gnirasgpcture, the data
| ogl cal _ghannel, with sequence mbers in a . .
P, SFepett Repitl tiapte i afder S e Bedyienid abggbery apspefated with
fardeungenpri sing: receiving, in the network
Infrastructure, data units of at |east one | ogical

channel associated with sequence nunbers in the user

t er m Bal Theamkthod afgilagn 1, fusthee tompkismigeperformingt fteleast one
network infrastructure, the data units of each | ogical

ehaRmaNssion Brodudingat {9est enedatacmihehd tegicalsheanel Fgm the user
with the data unjts . The nethod of claim1, further
il d5 6 hiri iR restino e A dfeR anfHAet o5 on

including at | east one data unit of a |ogical channel

from 4 hendSREthod of claim 1, further comprising:

associating each data unit of one transmission time interval with one

sequence number; and
associating data units in successive transmission time intervals with

successive sequence numbers.

5. The method of claim 1, further comprising:

associating data units of one transmission time interval with successive
sequence numbers; and

associating data units in successive transmission time intervals with

successive sequence numbers.

6. The method of claim 1, further comprising:



termnal to the network infrastructure over the air
interface. 4. The nethod of claim11, further

W@ 0wp/07@B88g: associ ati ng each data unit of 0onePCT/FI2005/000096
transmssion tine interval with one sequence nunber;
and associating data units in suggcessive transm ssion
time intervals with successive sééuence nunbers. 5.
The nethod of claim1, further conprising: associating
data YRhpsin® mediant heRssceRirOle FloWs frBheA Yﬁédﬂi‘fnt ﬁbcess control-
successi ve Sequence nunbers; and associating d
drérttiy ita tsampestsclvz&mblrsamsmmsdmm heawss icohaolel éhtWytdf the user
successi ve sequence numbers. 6. The nethod of cl al m 1,
teypingly a @‘ll)nprl si ng: mappi ng medi um access cont rol -

flows froma ccess contr ol ntit

t r ans e aéwgnﬁ%qasu i ﬁ’eﬁ‘?q}‘ﬁpﬁ% &3 PBPO’é tanlhiet pedium
Qéce%‘@oﬂﬁ‘glrd%ﬁﬁ 23 ihedR ?dﬁ?ﬁg&!e@é lengrgata units wth
sequence nunber comon nmedi um access control -d
entity and the nedium access-e entity. 7. The nethod

of cl & mhk, nfetliédest claiinri,shiutthedtdanptisifl atthchingdincal logical
channel , information on a transm ssion sequence of
plnann@&,cinfmadlqmm 8 tresmissions sequedice of pratosel datatundts of a first

entLt havi n ompn_transm Ssi on sequence nunber to
€ICCHTS %@@ﬁ@%@éf’% % ERWEROTE HANSTHISSEHY $qqpience number
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Eo T8 BR 30 bR b b 280Ky BBROT SRR B ineBbb the firs
h{eqnﬁmatcgéggg;otnﬁ%l@ﬁﬁg, units using enhanced uplink
dedi cated channel”. 9. A comrunication nethod in a
radi o system corrprl sing a network infrastructure, and
at | e8stTlenmettsed of elaimhriglfuxthemeormprasinggradshittitgethe data units
netvvork infrastructure qQver an air interface, the

Heng saharsas wrliHgdedisyed shamagldat a units

9. A communication method in a radio system comprising a network
infrastructure, and at least one user terminal communicating with the network
infrastructure over an air interface, the method comprising associating data units
of each logical channel with sequence numbers in a medium access control-d
entity, in a radio link control entity or in an entity between the radio link control

entity and the medium access control-d entity of a user terminal.

10. The method of claim 9, further comprising arranging the data units
of each logical channel in the radio link control entity, in the medium access
control-d entity or in the entity between the radio link control entity and the
medium access control-d entity of a network element of the network

infrastructure.

11. The method of claim 9, further comprising arranging the data units

in a radio network controller.



of each | ogical channel wth sequence nunbers in a

medi um access control-d entity, in a radio |ink
wa@oeousnmesent ity or in an entity between the raPdDFR008000096
control entity and the nedi um access control-d entity

of a user termnal. 10. The neth of claim9, further
conprising arranging the data uni of each | ogi cal

channel in the radio Iink control entity, in the

medi upp acKessmaR t
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adratsscton) and ad lesst ionyg wbr dernghulocdmehiatieatingotvithhthe network
network infrastructure. 11. The nethod of claim?9,
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net wor astruc e over an alr |n Face

et hogrreRGiRL! the Mata GRS 0¥ icAch ldg‘icélrtﬁraﬁﬁélf\ﬁf K network element of
infrastructure, data units of at |east one | ogical
%mbrlasﬁmﬁtnmwewccm@@weﬂnc$eqmﬂmmmbers he user

term nal; and arranging the data units of each | ogical
channi5 in a netwrk ele t of the network
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air interface, the nethod conprising: associ ati ng each

dat a assiotiatingaedchgdatalunithefnadbgical clenriel anmesisarBmission time
time ijnterval with one sequence nunber; and

indeyyal %ﬁh@led%ﬁ%ewﬁ RembAr; g0dcessi ve transni SSI on tinme
intervals.wth succe S|ve sequence nunber.s i

trans?ﬁSPﬂaﬁI&gugaﬁa BES, RaFUCCESSV S HEAB Ao T dftpgvels with
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infrastructure ata units of at FTeast one logical
channel associated with sequence nunbers in the user
term nal; and

14. The method of claim 13, further comprising:

receiving, in the network infrastructure, data units of at least one logical
channel associated with sequence numbers in the user terminal; and
arranging, in the network infrastructure, the data units in order of the

sequence numbers associated with the data units in the network infrastructure.

15. The method of claim 13, further comprising performing at least one
retransmission including at least one data unit of a logical channel from the user

terminal to the network infrastructure over the air interface.

16. The method of claim 13, further comprising attaching, in a logical
channel, information on a transmission sequence of protocol data units of a first
medium access control_entity having a common transmission sequence number
to a header of a second medium access control_entity residing below the first

medium access control_entity.



arranging, in the network infrastructure, the data
units in order of the sequence nunbers associated with

wWo b@saaded8 units i n the network i nfrastructure. PABFR2005000096

nmet hod of claim 13, further conprising performng at
| east one retransm ssion includi ng at | east one data
unit of a logical channel fromth 6user termnal to
the network infrastructure over the air interface. 16.
The metoth@incthéd BY 4Rimf 1w, theke fighgg attaching,
in a logical channel, information on a transm ssion
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ieadeta drtdtsiRcH tivdaas @8Sess @ohirel-e@neef th MBirdetwbaYinFehstructure.

t he sane | ogi cal channel nunber and the sane sequence
nunber; and arranging the data units in order of the
sequencde ndnsempuiers peogrand prpdictt bE adasdiousyttemi nomprising a
medi um access control-e entity in the network | | i
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conput er  program product conprising data units of each
Inogateeas i haramsittinet user éerafnaglci at ed with sequence

nunbers in a transmtting user termnal. 19. The

conmput.er _program product of c¢laim 18, wherein_ )
"t or rigt (T GHIEER BIRgRIEATeAU el rb¥ee 1 & whetsin #dprmation on a
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pr ogr am product of a radio system conprising a
the first medium access control_entity.

20. A computer program product of a radio system comprising a
network infrastructure, and at least one user terminal communicating with the
network infrastructure over an air interface, the computer program product
comprising data units of each logical channel that are associated with sequence
numbers in a medium access control-d entity, in a radio link control entity or in
an entity between the radio link control entity and the medium access control-d

entity of a user terminal.

21. The computer program product of claim 20, wherein the data units of
each logical channel that are arranged in the radio link control entity, in the

medium access control-d entity or in the entity between the radio link control



network infrastructure, and at |east one user term nal
communi cating with the network infrastructure over an
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data units of each |ogical channel that are associ ated
wi th sequence nunbers in a nediu ccess control -d
entity, in aradio link control tity or in an entity
between the radio |link control entity and the nmedi um
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conput er program product of claim?20, wherein the data

netwtakahfrasteicturegi cal channel that are arranged in the
radio link control entity, in the nedium access

control-d entity or in the entity between the radio
li nk &3ntkhs epmppier pregrerepraskict of sladwskS,oshered) injthe network
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arranged in order of the sequence nunbers associ ated

with the data units. 23. The conputer program product
of cl 3pmTle cpmpussmprdgramproductos! elaim 1@givbetein data units of
ssoci ated .W uence nunhers.in a
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of claim 20, wherein the data units of eatCh I ogical

channel are arranged in order according to the
sequedée Tierdomputenpidgeamguoductad cdsisn 20wheileindthe data units of

entity, Ln the radio link control entit r in the .
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infrastructure over the air interface is perforned.

25. The computer program product of claim 18, wherein at least one
retransmission including at least one data unit of a logical channel from the user

terminal to the network infrastructure over the air interface is performed.

26. A computer program product of a radio system comprising a
network infrastructure and at least one user terminal communicating with the
network infrastructure over an air interface, the computer program product
comprising:

data units of a logical channel in one transmission time interval wherein
each data unit is associated with one sequence number; and

data units in successive transmission time intervals are associated with

successive sequence numbers in a transmitting user terminal.



26. A conputer program product of a radio system

conprising a network infrastructure and at | east one
WaQIs@s/0t@ss nal communi cating with the network PCT/FI2005/000096

infrastructure over an air interface, the conputer

program product conprising: data #ﬁi ts of a logical

channel in one transm ssion tine terval wherein each

data unit is associated with one sequence nunber; and
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treansitidd ifrgnuther user temainal are Torearpedpid erder edr @ sequence

product of claim 26, wherein the data units

BHavhsrs assegiatachyitbribe deteyunisyinithe netwerkanfraptgeetura

order of the sequence nunbers associated wth the data
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29. A conputer program product of a radio sys

conprising a network infrastructure and at | east one
user £8r mAatomprirunprogramgprduet tafe anmdiorgystem comprising a
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termnal. 30. A network enment of a radio sys
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sequence nunmbers in a user term nal
the network infrastructure over an air interface, whereln

the network element is a part of the network infrastructure;

the network element is configured to receive data units of each logical
channel from a user terminal, the data units being associated with sequence
numbers in a user terminal; and

the network element is configured to arrange the data units of each
logical channel in order according to the sequence numbers associated with the

data units.

31. The network element of claim 30, wherein the radio network
controller is configured to arrange the data units of each logical channel in order
of the sequence numbers in a medium access control-d entity, in a radio link
control entity or at an entity between a radio link control entity and a medium

access control-d entity.



the network elenent is configured to arrange the data
units of each | ogical channel in order according to
WO b@sseageence nunbers associated with the dat aPCmFL805/000096

31. The network elenment of claim 30, wherein the radio

network controller is configured to arrange the data

units of each | ogical channel in der of the sequence

nunbers in a nmedi um access control-d entity, in a

radi o 3l NK & hetw6rkt é&rﬁfro‘l’lrer %tf aafé ‘f@%ﬁ%mb@&ﬂﬁﬁﬁ‘m% a network

radio link control entity and |u access
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and to arrange the data units of each logical ch hannel

i n or dearraogorthk datatumitshd eselyliegical chambel m asikoatedrdihg to the
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user termnal is configured to associate data units of

each I gic n eque ce nunbers
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control _entityhaving a conmmon transm ssion sequence

nunber, to_a header of a second nedi um access
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control entity residing below the first medium access control_entity.

35. The user terminal of claim 33, wherein the user terminal is
configured to associate data units of each logical channel with sequence
numbers in a medium access control-d entity, in a radio link control entity or at
an entity between a radio link control entity and a medium access control-d

entity of a user terminal.

36. The user terminal of claim 33, wherein the user terminal is
configured to transmit the data units to the network infrastructure and to
perform at least one retransmission as a response to a request from the network
infrastructure over an air interface, the retransmission including at least one data

unit of a logical channel.



an entity between a radio link control entity and a

medi um access control-d entity of a user termnal. 36.
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terminal is configured to transmt the data units to

the network infrastructure and tgcferform at | east one

retransm ssion as a response to equest fromthe

network infrastructure over an air interface, the
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medium access control-d entity.

40. A radio system comprising a network infrastructure and at least one
user terminal communicating with the network infrastructure over an air
interface, wherein,

a user terminal is configured to associate data units of each logical
channel with sequence numbers;

the network infrastructure is configured to receive the data units of at
least one logical channel associated with sequence numbers; and

the network infrastructure is configured to arrange the data units of each

logical channel in order of the sequence numbers.

41. A radio system comprising a network infrastructure and at least one
user terminal communicating with the network infrastructure over an air

interface, wherein a user terminal is configured to associate each data unit of a



the network infrastructure is configured to receive
the data units of at |east one |ogical channel
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