RLC SEGVENTATI ON FOR CARRI ER AGGREGATI ON TECHNI CAL FI ELD [0001) The present
I nvention relates generally to tel ecomruni cati ons systens, and in

parti cul avp 2bm/osetshods, systens, devices and software fecTseguensiosy data

i n radi ocommuni cati ons systens. BACKGROUND [ 0002] Radi oconmuni cati on
networks were originally devel oped primarily to provide voice services over
circuit-switched networks. The introduction of packet-sw tched bearers in,
for exanple, the so-called 2.5G and 3G networks enabl ed network operators

to provide data Vi VoI e ly, network
architectures wﬁd$ﬁ§%?%ﬁ§@?§@ﬁﬁﬁ&éﬁ&%b | (1 P) networks
whi ch provide both voice and data services. However, network operators have
a substantial investment in existing infrastructures and woul d, therefore,
typically prefer to mgrate grABGCHNICAD EIELD P network architectures in
order to allow themto extract sufficient value fromtheir investnment in
exi sti p@poithf r ast rThetpeesent indeittivnt relapss @ehetally freteizapmiiunidations syseaagatdin
support next generation radi ocommuni cation applications, while at the sane

tinme UEhﬁGulh?g@ﬁﬁétﬂoﬂé rs?&tewccléﬁ&s aﬂﬁm&emegﬁ@ﬁﬁng%ﬂm depl oy hybrid
networ ks wherein a nex generation radi ocommunicati on systemis overlaid

onto a?}acﬁ?o&n'uﬂﬁca%of\gwsi vm tched or packet-swi tched network as a first

step i ransi 3™an all | P-based network. Alternativel y, a
radi oconmuni cati on system can evol ve fromone generation to the next while
still providing backward conpatibility for |egacy equi pnent.
BACKGROUND
[0002] Radiocommunication networks were originally developed primarily to

provide voice services over circuit-switched networks. The introduction of packet-switched
bearers in, for example, the so-called 2.5G and 3G networks enabled network operators to
provide data services as well as voice services. Eventually, network architectures will likely
evolve toward all Internet Protocol (IP) networks which provide both voice and data services.
However, network operators have a substantial investment in existing infrastructures and
would, therefore, typically prefer to migrate gradually to all IP network architectures in order
to allow them to extract sufficient value from their investment in existing infrastructures.
Also to provide the capabilities needed to support next generation radiocommunication
applications, while at the same time using legacy infrastructure, network operators could
deploy hybrid networks wherein a next generation radiocommunication system is overlaid
onto an existing circuit-switched or packet-switched network as a first step in the transition to
an all IP-based network. Alternatively, a radiocommunication system can evolve from one
generation to the next while still providing backward compatibility for legacy equipment.
[0003] One example of such an evolved network is based upon the Universal Mobile

Telephone System (UMTS) which is an existing third generation (3G) radiocommunication



[ 0003] One exanple of such an evol ved network i s based upon the Universal
Mobi | e Tel ephone System (UMIS) which is an existing third generation (3G

r adi ocontwoi2eaazerssystem that is evolving into H gh SpeedrRacdsibseress
(HSPA) technol ogy. Yet another alternative is the introduction of a new air
interface technology within the UMIS franmework, e.g., the so-called Long
Term Evol ution (LTE) technol ogy. Target performance goals for LTE systens

i nclude, for exanple, support for 200 active calls per 5 MHz cell and sub 5
nms |latency for small | P packets. Each new generation, or parti al

gener atSyH#m that ineynlyiag ssenligh Speed flacks) Acsnss (HSBAQ teebnelory yYetmaother | i ties to
nobi | e conmuni cati on systens and this can be expected to continue with

ei t her alpimativeisthe introdugtionpd e edwsapsintenfice techmolpgyetvithin the WMTS framewiork,t he
future. [0004] The LTE Rel -8 standard has recently been standardi zed,
suppor teig:,ghbmdmedtmgapmh@mtwmﬂ@mmm%,i. nr&gekqferfoﬁnmtgohia%ﬂ pcom ng

| MT- Advanced requirenents, 3GPP has initiated work on LTE- Advanced. One

aspect [AfE yERnAdvaREE dor e'i(aFn?le? Fttf_oﬁl e !85!# .ﬁ%ﬁg&‘zf&gﬂ af@ s B nis" 2

manner whi ch assures backward c ati Ity wt I ncl udi ng

spectr l.bi 14 his i mplies that an LTE- Advanced catrier, which is
of der ' (HESS IR I b g P ek ol g AR 2R aiBile o L, [T
Rel -8 term nal ., Each such carrier can pe referred to as, a, "conponent
carri eCOMMURiREHON pystensa vmx«a@ﬁ@eﬁnm wh%emvlca@wggmswdt hat
there will be a smaller nunber of LTE-Advanced-capable termnals in
oper at ithif casbeopseted to cantimue yvith eitherephaycementsi tn praposed systenstdareompihely ef or e,
it is necessary to assure an efficient use of a wide carrier also for
| egacy neersystamb $n the fature.t hat it is possible to inplenent carriers where
| egacy

[0004] The LTE Rel-8 standard has recently been standardized, supporting

bandwidths up to 20 MHz. However, in order to meet the upcoming IMT-Advanced
requirements, 3GPP has initiated work on LTE-Advanced. One aspect of LTE-Advanced is to
support bandwidths larger than 20 MHz in a manner which assures backward compatibility
with LTE Rel-8, including spectrum compatibility. This implies that an LTE-Advanced
carrier, which is wider than 20 MHz, should appear as a number of LTE carriers to an LTE
Rel-8 terminal. Each such carrier can be referred to as a “component carrier”.

[0005] For early LTE-Advanced deployments, it is expected that there will be a
smaller number of LTE-Advanced-capable terminals in operation as compared to many LTE
legacy terminals in operation. Therefore, it is necessary to assure an efficient use of a wide
carrier also for legacy terminals, i.e., that it is possible to implement carriers where legacy
terminals can be scheduled in all parts of the wideband LTE-Advanced carrier. One way to
achieve this objective is by means of carrier aggregation. Carrier aggregation implies that,
for example, an LTE-Advanced terminal can receive multiple component carriers, where the

component carriers have, or at least have the possibility to have, the same structure as a Rel-8
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term nals can be scheduled in all parts of the w deband LTE- Advanced
carrier. One way to achieve this objective is by neans of carrier

aggr egat iWwp-20fearsgiser aggregation inplies that, for exanpkesraisbifssAdvanced
term nal can receive nultiple conponent carriers, where the conponent
carriers have, or at |east have the possibility to have, the sane structure
as a Rel-8carrier. An exanple of carrier aggregation is illustrated in
Figure 1, wherein five 20 MHz conponent carriers 10 are aggregated to form
a single w deban argier., L.IE,systens cuse hybri d- , after
ecel v oGt OTHRMET A afior AgRRRRs oL R ATE Pl MR EIRG M oce ¢ ha
data and reports to the base stati on whether_ the decodi ng was successful
(ACK) &pmpgjent sgapisrs 10,are ageregated tgrform a singlrowidsband cagiietodi ng att enpt, the
base station can retransmt the erroneous data. Downlink transm ssions are
dynam {006} schebdEsysteinsaise hybride ARIQ wherkey after redeivingdewslick dataina ansni t s
control information on which termnals are supposed to receive data and
upon wenlfianies drutemeinali attetripes toWetadet thatalard dridkeeporty toah® bastlstation @vteter the
signaling is typically transmtted in the first 1, 2 or 3 OFDM synbols in
each s a@éddﬁ{gayaﬁulk@sgmne&cm bt ndtTNAK). B @8 ch& Jhd @gﬁ%ﬂmﬁfg{mﬁ# | and, if

It detects a downlink assighnent addressed to it, e term | decode

LPeaﬁah@ﬁ@?*&%&%ﬁ%@a&%ﬁ?%Sﬂﬁ*é#iﬁ}%é?ﬁ@é’@%é@é@%ﬂé@ﬁ%@"ﬁ%@éﬁﬁa%nfetc[‘nyf or |
. . ! | i,n LTE, > HA
o1 005 SERASIY SEHOTIRA o ft A5 TIPHE e B3E PEHOR FESTIATORBOLITHRABR oess

is essentially a pointer to a |ogical buffer in the receiver. Wen
r et r an8AWighgaiaals apeesuppesed do regeivg dataggndruponydictprospureescip the eurteniinsni t t ed
in the sane HARQ process and the receiver knows (fromthe

downlink subframe. This control signaling is typically transmitted in the first 1, 2 or 3 OFDM

symbols in each subframe. A terminal will thus listen to the control channel and, if it detects
a downlink assignment addressed to it, the terminal will decode the data and generate
feedback in response to the transmission in the form of an ACK or a NAK depending on
whether the data was decoded correctly or not.

[0007] The HARQ protocol employed in LTE systems uses a number of HARQ
processes each having their own identification (ID), where a HARQ process is essentially a
pointer to a logical buffer in the receiver. When retransmissions are performed for a higher
layer PDU, they are transmitted in the same HARQ process and the receiver knows (from the
HARAQ process ID) that the retransmissions should be combined with each other. When the
transmitter has received an ACK for the transmitted data it can start sending a new
transmission in the HARQ process and indicates that to the receiver with a new data indicator
on the L1/2 control channel. A stop and wait protocol is used for each HARQ process but
since transmissions can be ongoing in multiple, staggered HARQ processes simultaneously a

continuous transmission is possible. The number of HARQ processes needed to achieve a
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HARQ process I D) that the retransm ssions should be conbined with each
other. Wien the transmtter has received an ACK for the transmtted data it
can start ' new transm ssion in the HARQ proces Walsl es that
to the revgéi%\@g)lr/dgg\nﬁ?h a new data indicator on the LI/2 c%ﬁ?&gfdogﬁg%ﬁiel. A
stop and wait protocol is used for each HARQ process but since

transm ssions can be ongoing in nultiple, staggered HARQ processes

si mul t aneously a continuous transm ssion is possible. The nunber of HARQ
processes needed to achi eve acontinuous transm ssion depends on, anong

ot her tdentigeoustttapsmissior depangs or,camonenehershings, theprebessdimB reqdrenteats.ia alie

equi pnent (UE). For LTE systens, about 8 HARQ processes are needed to

pr ovi deeNadeBumt ehe wher equipraest (DES)F o D) sysraisahibout 8 HAROHrokgesRasSi bi lity
for inplenenting carrier aggregation is to perform coding and hybrid- ARQ

r et r ansfeedéd ©pFovide feqiRhct AVRISIEMPIGEFD fation; An exanple of this type
of carrier aggrgb?egation isfi |1 ustrzft%g(i ﬂ?l}gurg 1, where data to be

transm to a @i Vel knal . i . 1tted on . three coaponent carriers
20, 22 'g‘r’n 24. | n@h@g%‘kﬁ{stﬂng'@%eg’%‘rgg?&W%";‘W?ﬁ%mf‘éﬁ?rﬁe fting and
corres Oﬁﬁ t ﬁavi ng a fransport bl ock (or .t transport bl ocks in case of
spati al™ flf“g% SKHAISSIANS OB A PSHEPYNSRT ¢agrier bagis. Ap exampleof this ipgofe 2 uses
mul tiple, independent hybrid-ARQ entities 26, 28 and 30 to inplenment the
HARQ pridHiss agaregations illstratedimEigurssl, swhere data (aiOyarsmjted tofacgivényterminalARQ
operation, acknow edgenents informng the transnmtter regardi ng whether the
r ecept ii®transmitied omtisgrocampsinentcandess 30 2emdi24l [0 theexistpd TRQeRture iR Way t o
i mpl ement such acknowl edgenents would be to transmt nultiple

acknow teghpiiil WoulbsstA@e6nd ©- HavingFansFdrt BIREP &b (S drfbloélisinch& sose

where spatial mltiplexing is enployed, an acknow edgenent message would
cor r espahchl WfulfiiexiRLf fer component carrier. The structure in Figure 2 uses multiple,

independent hybrid-ARQ entities 26, 28 and 30 to implement the HARQ processes in the
medium access control (MAC) layer. For hybrid-ARQ operation, acknowledgements
informing the transmitter regarding whether the reception of a transport block was successful
or not are needed. One way to implement such acknowledgements would be to transmit
multiple acknowledgement messages, e.g., one per component carrier (in the case where
spatial multiplexing is employed, an acknowledgement message would correspond to two bits
as there are two transport blocks on a component carrier in the first release of LTE, however
in the absence of spatial multiplexing, an acknowledgement message is a single bit as there is
only a single transport block per component carrier), but also other implementations are
possible.

[0009] If carrier aggregation is performed as shown, for example, in Figure 2, this
means that several transport blocks (TBs) may be transmitted per transmission time interval
(TTI). If, for example, 20 MHz carriers are aggregated to a total bandwidth of 100 MHz to

achieve a 1 Gbps peak rate, S TBs per TTI need to be transmitted. If spatial multiplexing is
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as there are two transport blocks on a conponent carrier in the first

rel ease of LTE, however in the absence of spatial multiplexing, an

acknow edggnentospggsade is a single bit as there is only-adbfghSioks ansport
bl ock per conponent carrier), but also other inplenentations are possible.
[0009] If carrier aggregation is performed as shown, for exanple, in Figure
2, this nmeans that several transport blocks (TBs) may be transmtted per
transm ssion tine interval (TTI). If, for exanple, 20 MHz carriers are
aggregated. to a total bandw dih of 100 MHz achieve a 1 Gops ak rate, 5
TBs penserrihisiBegases il TBanent Thwih %herm%rﬁa& frﬁﬁ s F‘PPp‘V’é‘ﬁ%H&SiIB’B ReAi s
increases to 10 TBs per TTl with the current LTE sol ution, which uses two
TBs pef Tiwheniperfomming spatiahmudtiplexing. Ifthetsopitioniforspatial multiplesing is oyediftad
spatial multiplexing is nodified in future rel eases, the nunber of TBs per
TTI mayn funakeedsases thaindmbérivd  TBs\Wer TTI heaydneresseteven Girteal Wathrthe cutrenti n LTE,
e.g., as described in the standards specification 3GPP 36.322 entitled

" Evol vegdoblyl sRucade il ETES S lel, a8 de Rk inthe 3ndards sPddMcatibRrIGPPLIgNHR2CONt rol
(RLC) protocol specification", where one RLC PDU is transmtted per TB this

i rrp| | e : 13 3 . : t C - .t 1 T -
qur ki 3L TR ity i T RN B R s EATERAY, Rk ot RES) 1)
RLC segnentation_far | TE is di .in nore detail below Thus carrier
nGor co ettt shspicafon’s Whess ot REGHISY i Baeiiod Bird it PRt Fuskl 1 o
stalling of the RLC protocol since only half of the sequence number (SN)
space BPUsumaytnegd thbe wapsarted perell lhwhichstuickdy censkmssiRéfgeeayenge any
given tine to ensure that there is no SN anbi guity between a new
t r ansninambers (egd 18 seqtenemsumbars per TO). RLGasegmentation $ot [STRAdCUsSa1i0]
Systens, devices, nethods and software according to these exenplary

more detail below. Thus carrier aggregation may, in some situations, result in the undesirable

result of stalling of the RLC protocol since only half of the sequence number (SN) space may
be outstanding (transmitted but not yet acknowledged) at any given time to ensure that there

is no SN ambiguity between a new transmission and a retransmission for a particular SN.



enbodi ments provide for reducing the nunber of different sequence nunbers
used to transmt radio link control, RLC, data blocks to avoid, for

exanpl e, \waaypBeIspunber stalling. This can be acconpli $pedrBsol@62
exanple, transmtting or receiving RLC protocol data unit, PDU, segnents as

the initial or original instance of data communication. [001 | J According
to one exenplary enbodi nent, a nmethod for conmmunicating in a network

i ncludes the steps of sizing at |east one service data unit, SDU, into a
first plurality of radio Ilink control, RLC, protocol data unit, PDU
segnents for the initial transm ssion of the at | east one SDU, and
transmtting the first plurality of RLC PDU segnents. [0012] According to
anot her exenpl ary enbodi nent, a cQUMMARY ons node i ncludes a processor
adapted to size at |east one service data unit, SDU, into a first plurality

of radijgoig)nk corgykens c@v@esﬂﬁ&h@&ﬂnd%ﬁ@gkguﬁ&mdﬂ}{o tRERRAhSlah0" the

initial transmission of the at |east one . a transceiver, codnnected to

t he pr S ' ks ralit f RLC,PDU segnents,
and & eoRaiheniCBUE for Saldi Bl shioaPof difBlenCiedube bufberig Y The i ot
plurality of C..PDU se S 013] According to yet another exenplary

embodi FEAEMItfadiadi 8%%9%%%%4 glgfl:‘FJntQ avpidg oﬁégﬂﬂf’]l?’ $EQUERFEINMbSE st ep of

receiving a first plurality of radio link control, RLC, protocol data unit,
PDU, s& - sThas;canrpe; agremplished Biisfor sxample.drangmitting poGeaivingRIGE protecalo stil |
anot her exenpl ary enbodi nent, a conmuni cati ons node includes a transceiver

adapt edataonite EBIUy segmenity astthe initial lor byiginkl instdnee dfidata comrhanitation C, pr ot ocol
data unit, PDU, segnents as the original transm ssion of data associ ated

ther ewifofil]a MeENYAERMLR chddRéMPlabPeribsllieitNs nietiodt foPbothuhicktit in3-C PDU
segnents, and a processor, connected
network includes the steps of sizing at least one service data unit, SDU, into a first plurality
of radio link control, RLC, protocol data unit, PDU, segments for the initial transmission of
the at least one SDU, and transmitting the first plurality of RLC PDU segments.
[0012] According to another exemplary embodiment, a communications node
includes a processor adapted to size at least one service data unit, SDU, into a first plurality
of radio link control, RLC, protocol data unit, PDU, segments for the initial transmission of
the at least one SDU, a transceiver, connected to the processor, adapted to transmit the first
plurality of RLC PDU segments, and a memory device, connected to the processor, adapted
to store the first plurality of RLC PDU segments.
[0013] According to yet another exemplary embodiment, a method for
communicating in a network includes the step of receiving a first plurality of radio link
control, RLC, protocol data unit, PDU, segments as an initial transmission of data.
[0014) According to still another exemplary embodiment, a communications node

includes a transceiver adapted to receive a first plurality of radio link control, RLC, protocol

data unit, PDU, segments as the original transmission of data associated therewith, a memory
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to the transceiver and the nenory device, adapted to repackage the RLC PDU
segnents into output data. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] The
acconpanywpofli@dyspas il lustrate exenpl ary enbodi ments, pwhRESioR/o0s5108916]
Figure 1 depicts carrier aggregation; [0017] Figure 2 depicts carrier
aggregation with independent hybrid automatic retransm ssion request (HARQ
entities; [0018] Figure 3 illustrates elenents of a radi oconmuni cation
system according to exenplary enbodi nents; [0019] Figure 4 shows the

el ements .of the radi oc i_cati.on f Figure connected to, qther
CommunfRuts HPROAE 0% 6 eyt Py DR PLLSeqmells, fad 2 PRESSE Somedied w t n
processi ng data, i n comuni cation nodes according to exenplary enbodi nents;
(0021] torthe framsceivey and the semary devige,Agapted iparepackags, g}led%L‘ag’E)éJ seements intyyj o
link [ayer; [0022] Figures 6(b) and 6(c) illustrate sizing of data

accor dowtgutdatexenpl ary enbodi nents; [0023] Figure 7 depicts sizing of data
accordi ng to anot her exenpl ary enbodi nent; [0024] Figure 8 shows a
comuni cati ons node according to an exenpl ary enbodi nent; and [ 0025]
Figures 9 and 10 are flowcharts illustrating nmethods of comunicating
according to exenplary enbodi nents. DETAI LED DESCRI PTI ON



[0026] The follow ng detail ed description of the exenplary enbodi nents
refers to the acconpanyi ng drawi ngs. The sane reference nunbers in

di f f er enty dr,aw identify the same or simlar el enent

foll ow ngW eztai;&{q}g%“descri ption does not limt the i nven?FgﬁSﬁ@ﬁ/g%@gzd, t he
scope of the invention is defined by the appended clains. The foll ow ng
enbodi nents are di scussed, for sinplicity, with regard to the term nol ogy
and structure of LTE systenms. However, the enbodi nents to be di scussed next
are not limted to LTE systens but may be applied to other

t el econmuni cati ons systens. [0027] Reference throughout the specification
to "one enbodi nent"” or "an enbodi nent” neans that a particular feature,

structure, or charact BRIEFIBESERIPTION OF THEDRAWINGS t h an enmbodi ment is
included in at |east one enbodi nent of the present Invention. Thus, the

appear of th ﬁﬁﬁ%n . i e A i t" in
vari ou?%ﬁ&ces tﬁ;’hgﬁé 0 ?' ‘hng ds?%glc I %?%%&%?QWO%M%@QEQQNH}&% I
referri&gl o theSsane fr%nbopsicmant. Furtthe(, the particul ar features,
struct WSl or  cndPBUIT L ACRIFS MK OBRISEAIOM) ned i n any suitabl e manner in one
r nor odi ments. [0028] One solution to the SN stalling problem

descri ﬁ@@u’ibove iril:ég'-FBEidﬁB'F £agier ggeregptignawith indepgndeny hybeidaptomaticovnever |
this solution may be unattractive for sonme inplenentations since it inplies
a new Hheteanemisstongrequestdf HAR@) entitisse bits to be used for sequence nunbers.
Accordingly, it would also be desirable to support very high bitrates in
such c@ooushi cat i digusy 3 tilbuserates e@ments@ipgadiocorhmyifizaiondystenfadtoriing® of
changes to the existing RLC protocol.[0029] To provide sonme context for the

f ol | oweREmpMBGhIdimentBodi ments rel ated to
[0019] Figure 4 shows the elements of the radiocommunication system of Figure 3
connected to other communication nodes;
[0020] Figure 5 illustrates entities associated with processing data in communication

nodes according to exemplary embodiments;

[0021] Figure 6(a) illustrates conventional sizing of data at the radio link layer;
[0022] Figures 6(b) and 6(c) illustrate sizing of data according to exemplary
embodiments;

[0023] Figure 7 depicts sizing of data according to another exemplary embodiment;
[0024] Figure 8 shows a communications node according to an exemplary

embodiment; and
[0025] Figures 9 and 10 are flowcharts illustrating methods of communicating

according to exemplary embodiments.



the sizing of RLC data bl ocks and associ ated signaling, consider the
exenpl ary radi ocommuni cation system as shown fromtwo different

perspecti | jqures 3 and 4, respectively. To incre m ssi on
rate of t‘&gszg%/ozbtiir?g, and to provide additional diversi t?éggg?@g{og@%i ng on

the radi o channels, nodern w rel ess comuni cati on systens include
transceivers that use nmulti-antennas (often referred to as a M MO systens).
The nul ti-antennas nay be distributed to the receiver side, to the
transmtter side and/or provided at both sides as shown in Figure 3. Mre
specifically, Figure 3 shows a base station 32 having four antennas 34 and
a user termnal (also referred to herein as "user equipnent” or "UE") 36
havi ng two antennas 34. The DERANEB{DESCRIRZION own in Figure 3 is
exenplary and is not intended to limt the actual nunber of antennas used
at the[6026¢ st at The f@Pwing dttaileddessaptidreoftha akerdplainynerhbualimertspdfarsyto the
enbodi nents to be di scussed below. Additionally, the term"base station" is

used het®inipanging dBSMAES.CThESaMe roferdide/nutber IR deFérahialings indfsthe! | ed in
the art, in the LTE architecture an evol ved NodeB (eNodelg) may correspond

to theg e%sr ﬂohﬁ‘lfa} ggmehtﬁ.e Alsd} tl@ﬁﬁlgﬁvggde?@leh%eécrﬁ;‘r?igggig%?n&mi?{H%”t ation of

t he eNo wever, the term"e al so In sonme senses than

| ogi ool RBlieY. Tisadahs oot ol hethriins i AR el IABRITRE e of o base

station, a NodeB, an eNodeB or other nqgdes specific for other
ar chi t dellyyiag emhadignstsase discussed, fer sitaplieity, yairegardite thestermiaplogy apd
reception in one or several cells, as shown for exanple in Figure 4. [0030]
Fi gur e sttugthrevd L Tdhsystgnest Howenver, nysembedimenis de Be diddussedinexi arasat dinitedito nal
LTE systems but may be applied to other telecommunications systems.
[0027] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the present
invention. Thus, the appearance of the phrases “in one embodiment” or “in an embodiment”
in various places throughout the specification are not necessarily all referring to the same
embodiment. Further, the particular features, structures or characteristics may be combined
in any suitable manner in one or more embodiments.
[0028] One solution to the SN stalling problem described above is to increase the SN
space in the RLC entity. However, this solution may be unattractive for some
implementations since it implies a new header structure, i.e., more bits to be used for
sequence numbers. Accordingly, it would also be desirable to support very high bitrates in

such communication systems (e.g., 1Gbps and beyond) with a minimum of changes to the

existing RLC protocol.



36. The user term nal 36 uses dedi cated channels 40 to communicate with the
eNodeB(s) 34, e.g., by transmtting or receiving RLC PDU segnents as
accordin |, ar yenmbodi ment s descri bed bel ow. The 4 are
connect e%?gowg}égpondi ng Radi o Network Controllers (Rhg?/siwg&ﬁ%ﬁ%ugh not
shown as such in Figure 4, it will be appreciated that each RNC 42 may
control nore than one eNodeB 32. The RNCs 42 are connected to a Core

Net work 44. [0031] One exenplary LTE architecture for processing data for
transm ssion by an eNodeB 34 to a UE 36 (downlink) is shown in Figure 5.
Ther ei 10029kt a t o Togrovidesomé tamexsort the falNodrgedinflaryemboditngas kebdted td 0 a
particul ar user is first processed by a packet data convergence protocol

( PDCP) tiy¥izihy oPRLCHadl6ksidng akdacﬁwi@g.ﬁlia%%oﬁga&ﬂ B akéniplaonpr essed and
ci phering of the data is performed. The radio [ink control (RLC) entity 52

handl e$,q; ' , | 0 ' of ) the
dara ; SSEERAAEARn sy MBS shoo o Gl dfefeht AR TR ITEREITMEE ) i
functiq .the RLC 52 | f particular.interest for the. pr nt

ool | cSepSitvsG TgREse e BandfSibr HERE P WA, o brbbiBadfiiphal, ne m
entity 52 provides retransmnj ssi on protocol ,(ARQ which nonitors sequence
nunber dé\tesém@gw@afcfa&gspnébm i Ly mppden wireless¢qmmunigationsysiemse t o
selectively retransmt PDUs as requested. The medi um access control (MAC)
entity lmlegrmmsthm usefmultitaténnis @fidn defomed tokassd8) systgms).aTbehedul er
56, as well as the hybrid-ARQ processes di scussed above. A physical (PHY)

| ayer emilii{ayitehRastrasiele distributed te dti rogeiversile] Rt the tansfictendidd andddrippovided

mappi ng, anong ot her things. Each entity shown in Figure 5 provides outputs

to, andt bRRBIdESas SHdMALiA Fig?dB. Mk spRHEANG Highald dHoGs aBasé@itigH 3Pearers or
channel s as shown. The

having four antennas 34 and a user terminal (also referred to herein as “user equipment” or
“UE”) 36 having two antennas 34. The number of antennas shown in Figure 3 is exemplary
and is not intended to limit the actual number of antennas used at the base station 32 or at the
user terminal 36 in the exemplary embodiments to be discussed below. Additionally, the
term “base station” is used herein as a generic term. As will be appreciated by those skilled
in the art, in the LTE architecture an evolved NodeB (eNodeB) may correspond to the base
station, i.e., a base station is a possible implementation of the eNodeB. However, the term
“eNodeB” is also broader in some senses than the conventional base station since the eNodeB
refers, in general, to a logical node. The term “base station” is used herein as inclusive of a
base station, a NodeB, an eNodeB or other nodes specific for other architectures. An eNodeB
in an LTE system handles transmission and reception in one or several cells, as shown for
example in Figure 4.

[0030] Figure 4 shows, among other things, two eNodeBs 34 and one user terminal
36. The user terminal 36 uses dedicated channels 40 to communicate with the eNodeB(s) 34,

e.g., by transmitting or receiving RLC PDU segments as according to exemplary
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reverse of these processes are provided for the UE 36 as shown in Figure 5
for the received data. [0032] The MAC entity 54 offers services to the RLC
entity 5 b%f I"be;mfsg?rm of | ogical channels, as shown in EW&E%(}@OS{BE?SG

| ogi cal c anneO(s, e.g., control channels and trafficchannel’s, can be
defined based on the type of information that they carry. For an exenplary
LTE system such | ogical channels include, for exanple, a broadcast control
channel (BCCH), a paging control channel (PCCH), a dedicated control
channel , | tj cast ntrol channel (MCCH), .a dedicated traffic
channele"%%:gm%\&ﬁﬁc% qﬁhe?‘?‘ﬁ'ai e{‘?’%?l?]?&a&s&ﬁrﬂﬁémm@ﬁ)t? coespapding Radiopr j ef | y
above, the RLC protocol in LTE can be used to segnent and concatenate

hi gher Netyerk Gentpllers (BNQ 42niAlshqughbne) shomncasepels inofigayept, dpwilldiee si ze to be
submtted to the MAC entity 54 for transm ssion. The MAC entity 54

i ndi catappretiateddhaisech RNCs4Zmay oot nidrEtieantdne\eNode BGR. dhe RNCa4% ffessi on
opportunity such that the RLC 52 can segnent/concatenate the hi gher | ayer

SDUs i rbanddted tbRGoroNebvstka9. t hat matches the TB size (which in turnis
sel ect ed based on the channel conditions). The RLC 52 perforns

cknowl et s o ERERE) LIE URaREEI praiRitd oRRRAMARIEHANS 1y
P00, 1 ARPHE A 1 PR FaaPminkPBRIP PR it Pl 1 B88 Fe s feierabed & oo -

| arge for 1%{e aval lable TB size at the tinme of retransmssion. In this
case, threMedeBsHt (5118 nagkats)ite apaginular aserdm firshpracsssed By a nasket datapr evi ousl y
created RLC PDU is split into several smaller RLC PDU segnents. Each RLC
PDU segaryergense pratoesl RIAMEPRentity 60 irewhichrtheriRheadsrstane (aptiogalihyglcompeesRid) and
In addition a segnentation offset is used

and ciphering of the data is performed. The radio link control (RLC) entity 52 handles,

among other things, segmentation of (and/or concatenation of) the data received from the
PDCP entity 50 into protocol data units (PDUs) This function of the RLC 52 is of particular
interest for the present application and is discussed in more detail below. Additionally, the
RLC entity 52 provides a retransmission protocol (ARQ) which monitors sequence number
status reports from its counterpart RLC entity in the UE 36 to selectively retransmit PDUs as
requested. The medium access control (MAC) entity 54 is responsible for uplink and
downlink scheduling via scheduler 56, as well as the hybrid-ARQ processes discussed above.
A physical (PHY) layer entity 58 takes care of coding, modulation, and multi-antenna
mapping, among other things. Each entity shown in Figure 5 provides outputs to, and
receives inputs from, their adjacent entities by way of bearers or channels as shown. The
reverse of these processes are provided for the UE 36 as shown in Figure 5 for the received
data.

[0032] The MAC entity 54 offers services to the RLC entity 52 in the form of logical

channels, as shown in Figure 5. These logical channels, e.g., control channels and traffic
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I n the header of each RLC PDU segnent to indicate which part of the
original RLC PDU that the RLC PDU segnent contains. [0033] For one | ogi cal
channel , ' ew RLC PDU is created per TTlI (in addj.Li smtted
PDUs can‘ggabﬂ%kgﬁgtted in the sane TTl). This neans tth&§%%%§@%@§£of one
RLC sequence nunber is "consuned” per TTI. The RLC sequence nunber |ength
for acknow edged node RLC (AM RLC) is chosen to be 10 bits |ong, which
issufficiently long to avoid sequence nunber stalling. However, sequence
nunber stalling can occur in selective repeat ARQ protocols since only half
of the chametnca euddfimed based @nchatype of inferintutidh night theyecarryt [Fapamekdngslatyut not
yet acknow edged) at any tinme. Myreover, as nentioned above in the

Backgr QumksyaRe, is@éh lopicalCdahhdl§ irdHdE SHA LML, S RS ohttol sHanAENNET
illustrated in Figure 2, then five TBs per 1Tl need to be transnitted (or

at | ea T : : F : . . .
cxacor BBCEYPEPaEL cchliol barBRPCTLNMUEABEK Lot PratREFQCtl) B llbes
accordi ng t.o,exenpl emodi Sp: the re- ntation.functionality in

£ he R coaripgRE T DCA ARG AR g ghanrf (RECHTT i e iflis-SEAR Penge! e
time of the first (i.e., initial or original)_ transm ssion of that data by
ei t her (M7 (o fagmentioned briefy sbpve; theRids projocohitl BE cambe pseddarseamentagd one
RLC PDU segnent per TB. This reduces the anount of consumed sequence
nunber sonéatenatechigharlayePBivice dateninigs (FPUs) intoP DUsinSapiprepeite sizeatodieven TTI

wi || have the sanme sequence nunber. Mre specifically, according to these
exenpl anymitted ol theeMAE, entity Sdviee tra@$misbion PIid MA@ @itits 54 andikiesahedliczen (€. 9. ,
all of the segnents having the same sequence nunber but different

segnentyy §i9dtodhé REC efilyS3 JorRhéPirarismidsih (ﬂﬂ;g%ﬁﬁniw ai?:ﬁfq&a? theRLEIs2AR data.

The segnentation offset” value i1 ndicates t starting location

segment/concatenate the higher layer SDUs into RLC PDUs of a size that matches the TB
size (which in turn is selected based on the channel conditions). The RLC 52 performs
retransmissions upon reception of a status report containing negative acknowledgements for
one or more RLC PDUs. Since the radio conditions may change between the time of
transmission and subsequent retransmission of a PDU, there is a risk that the PDU that needs
to be retransmitted is too large for the available TB size at the time of retransmission. In this
case, the RLC 52 performs a re-segmentation, which means that a previously created RLC
PDU is split into several smaller RLC PDU segments. Each RLC PDU segment gets the same
RLC sequence number as the original RLC PDU and in addition a segmentation offset is used
in the header of each RLC PDU segment to indicate which part of the original RLC PDU that
the RLC PDU segment contains.

[0033] For one logical channel, a single new RLC PDU is created per TTI (in
addition retransmitted PDUs can be transmitted in the same TTI). This means that a
maximum of one RLC sequence number is “consumed” per TTI. The RLC sequence number

length for acknowledged mode RLC (AM RLC) is chosen to be 10 bits long, which is

-12-



of each PDU segnent within a given PDU sequence. For exanple, assum ng that
10 TBs are transmtted in a TTl, the RLC entity 52 at the transmtter
woul d, f create 10 RLC PDU segnents, each us

sequenceqﬁg gggkgﬁch that one RLC PDU segnent is trans#??tggﬁ?ﬁgggéh TB.

In this way only one sequence nunber is used according to this exenplary
enbodi nent instead of 10 sequence nunbers which woul d have been used if
each TB was transmitted using its own, different sequence nunber. [0035]
These co s associated with e enbodi mrents will be better

under sts§ tfl%\}lya@?ﬁ;'am il seAggnce ne{ngyr stahes SIAVRNSHCEANEE MYMbELSIHERE 63hed by
a conventional RLC entity is shown, with %ure 6(b), wherein concatenation
accor dioggurin selectiveaepsiah AR Q pistatiolssincei anly halfief thaiseqhiens: numbergpedetdanbegur e
6(a), a nunber of higher |ayer SDUs 60 are concatenated wi th one anot her by
an RLCoaldeﬂj,ngE(ﬂe.t tarfsatitted bt bayet qehnowletigal) abhdy iRkl Sforedver,ashdntichtd 62 i s
then transmtted, e.g., as part of a nunber of PDUs including PDU 64 which

vas gengbvd iﬂdh@Bﬁ@Qr&ﬂldase@tﬂth ﬂtc%ﬁ@érlaggregau&m adbhed fidthe nbanfie? i|llu§¥f=‘ated in
appreci ated by those skilled in the a that other RLC PDUs may

o ocood hut A PEEREE T Rel FERRLATNE ‘“aé%cﬁ%ﬁf BiFLH TH YR LT i 984*%‘1 e

di f ferent, .seqguence d thereto.. If, for le, RLC PDU
52 noequtilegE e edhaviii il exelgrbard e nos i St agsenrs nryba SEiet 6 wich
t he transmttl ng eNodeB 34 or UE 36 has received a NACK associated with RLC
PDU 64,10038n t hatThas.acepsdingdo cxemplarsembediments; the se-resmemtationdynetiongliss and
68 (if needed) and subsequently retransmtted. The segnents 66 and 68 have
t he sanet®NRLOentity 52ii$ hsaddo creatandritansinitRILC PBL) segnhants athtlg #me lofithe firsr each
RLC PDU which is transmtted as part of the

(i.e., initial or original) transmission of that data by either an eNodeB 34 or a UE 36, to

thereby enable the transmission of one RLC PDU segment per TB. This reduces the amount
of consumed sequence numbers since all RLC PDU segments which are transmitted in a
given TTI will have the same sequence number. More specifically, according to these
exemplary embodiments, a number of RLC PDU segments can be created (e.g., all of the
segments having the same sequence number but different segmentation offset values) prior to
the first transmission of the data. The segmentation offset value indicates the starting location
of each PDU segment within a given PDU sequence. For example, assuming that 10 TBs are
transmitted in a TTI, the RLC entity 52 at the transmitter would, for example, create 10 RLC
PDU segments, each using the same sequence number, such that one RLC PDU segment is
transmitted in each TB. In this way only one sequence number is used according to this
exemplary embodiment instead of 10 sequence numbers which would have been used if each
TB was transmitted using its own, different sequence number.

[0035] These concepts associated with exemplary embodiments will be better

understood by comparing Figure 6(a), wherein concatenation as performed by a conventional
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original transm ssion, a different sequence nunber is needed and used. Thus
two sequence nunbers are used to transmt these two groups of SDUs Gﬁ and
63. [003 | now at Figure 6(b), the sanme SDUs 60 own as
t hey can 8128@2"85%‘s‘ed i n accordance with these exenpl argagg g@?ﬁé@?é
Therein, the first group of SDUs 60 is concatenated to formthe data
portion of a first RLC PDU segnent 70 and the second group of SDUs 63 is
concatenated to formthe data portion of a second RLC PDU segnment 72. It
can be seen that according to this exenplary enbodiment, the RLC entity 52
di r ect IRLE entity issshownb esithdfigure 6()Dvharemnmntsterdation acéqgdinglto i ageanplasi on of
SDUs wi t hout going through the internediate step of first formng RLC PDUs
as in lﬁmﬂﬁnﬁft@s)illuﬁ%d?%ﬂﬁb’vﬁﬂﬂﬁ@ﬂfe%(z?)@aﬂﬂﬂb@?of*lﬁ%?er%}%r SRR cvefeence

nunber but different sequence offsetval ues. These RLC PDU segnents 70 and

72 ar e chheftedatansith 66%0@‘%&"\2?%@[}3""%‘%% oI} ﬂ)%'n)dlg% gﬁ??g%t%?iaﬂ RIY phlY & dat a,

e.g., by an eNodeB 34 or e sane was origrnaltly
transmted: | ex e of. Fiqure 6(a) .using t uenc n@‘g‘g , 1S
or 1 g1 eyt REFRIYR2 FERER uhnvisky s ReB gl B st AL BD SR é‘éay
enbodi ment, of Figure 6(b) by using segnentation offsets. As nentione

above, WiHeh Was asnerted %6‘%\&“ p Somgatnadoneie SHVUsA3. dpwill bejapnreciated b¥me way

for segmentation as for concatenation, e.g., splitting an SDU into nultiple
dat a pdhaess skitied in teartcthat otber RLCADYemaynbe pererRalby scpmantiog lagen8PUhe sane
sequence nunber, but different segment offset values, for their original

t r ansmistsinouitipleRieC PDals| ylthoagh ks prcesstis Aastdhewn GRFinas 6(a)) Rt RLEf BDUed to
jointly herein as "sizing" operations. [0037] If an originally transmtted

RLC PDg2560R8 s GVt Aiffreidt sbquenbEmémBerqSRY @ésigned thereto. If, for example, RLC

PDU 62 needs to be retransmitted, e.g., because the RLC entity associated with the
transmitting eNodeB 34 or UE 36 has received a NACK associated with RLC PDU 64, then
that RLC PDU 64 can be segmented into RLC PDU segments 66 and 68 (if needed) and
subsequently retransmitted. The segments 66 and 68 have the same SN, but a different
segment offset (SO) value. Note that, for each RLC PDU which is transmitted as part of the
original transmission, a different sequence number is needed and used. Thus two sequence
numbers are used to transmit these two groups of SDUs 60 and 63.

[0036] Looking now at Figure 6(b), the same SDUs 60 and 63 are shown as they can
be processed in accordance with these exemplary embodiments. Therein, the first group of
SDUs 60 is concatenated to form the data portion of a first RLC PDU segment 70 and the
second group of SDUs 63 is concatenated to form the data portion of a second RLC PDU
segment 72. It can be seen that according to this exemplary embodiment, the RLC entity 52
directly forms a number of RLC PDU segments for original transmission of SDUs without
going through the intermediate step of first forming RLC PDUs as in Figure 6(a). The RLC

PDU segments 70 and 72 have the same sequence number but different sequence offset
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enbodi ments is received erroneously, the receiver may request
retransm ssion of that segnent. For exanple, as shown in Figure 6(b) if the

RLC PDU t is received erroneously, the receive ]t a NAK
nmessage égggﬁ{hémg%é transmtter requesting retransm ssi %ﬁq%fb@%@g@ PDU
segnent 70. In response, the transmtter may retransmt the data part
associated with originally transmtted RLC PDU segnent 70 as two new RLC

PDU segnents having the sane SN as was originally used to transmt the RLC
PDU segnment 70, but two new segnment offset values SOi and SO 2 as shown in
Fi gur evapes  TheseRRGIAY segments/Pand 42 aretherstrapsaittedagtbe figst korigiaal)

retransm ssion nay vary based on, for exanple, the conditions of the radio
channetrassgmitdien of this dafa, egt, byremmNesleBr34 qrAli38%. Abuothdisaye tlatadha twasr

exenpl ary enbodinment, illustrated in Figure 6(c), even when using RLC PDU

segnenbfiginglly ri@niiftédinhé exdniple oF FRiue6(@f uslag fwo squbhde iimbeesifis first be
formed by the RLC entity 52 based on the anmpbunt of data that shall be

trans ”bﬁéﬁlﬂléy sHTRYd 5’5‘??%(2192 &ln 'gt?hl.@femf]egﬁurﬁ&r ify the: exeﬁll‘faga‘ﬁ% g@%ﬁdi‘rﬁm%f ch PDU

segnent s—t sanme seque ngs and since val ues may refer

he .RLC The f ' he RLC.P ly.l ogical
bonst 1 EIse SNy bfe SR oelsy A aeioneR SV B spdhofl hput in ' ©°
transm_tted sﬁgm)m i.n Fi%gre 6(c).. Instead, as subsequent st ep, the RLC
PDUs amureeé@b ApPligd 4 rswaaep‘@afcfphsjgmsetaﬁewaéggr?en?aéewpnm.g. nal

S
transmssion. If retransmssion is needed, it can be perforned as descri bed
above wsplitting aix BBtk intoomBltigle datparjs whioh 3@ catriedabyhdiéfieeent RBIG PDbtsegments Gops,
and to provide backward conpatibility as nentioned above, and assum ng t hat
1 TTl bavihgthHeaanis stquehcdBumBsipbiklifferentsegthentoffit valaes fortthéid ofiginall T

according to this exenplary carrier aggregati on enbodi nent. However,
transmission. Generically, segmentation and concatenation are referred to jointly herein as
“sizing” operations.
[0037] If an originally transmitted RLC PDU segment according to these exemplary
embodiments is received erroneously, the receiver may request retransmission of that
segment. For example, as shown in Figure 6(b) if the RLC PDU segment 70 is received
erroneously, the receiver may transmit a NAK message back to the transmitter requesting
retransmission of the RLC PDU segment 70. In response, the transmitter may retransmit the
data part associated with originally transmitted RLC PDU segment 70 as two new RLC PDU
segments having the same SN as was originally used to transmit the RLC PDU segment 70,
but two new segment offset values SO’; and SO’ as shown in Figure 6(b). The number of
RLC PDU segments used to perform the retransmission may vary based on, for example, the
conditions of the radio channel at the time of retransmission.
[0038] According to another exemplary embodiment, illustrated in Figure 6(c), even

when using RLC PDU segments for the original transmission of data, an RLC PDU can first

be formed by the RLC entity 52 based on the amount of data that shall be transmitted. This
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the current segnentation offset values in existing RLC entities 52 are 15
bits in size, which can therefore only indicate values up to 32 Kbytes. One
way to address this issue is to increase the size of the segnentation
of1¥set vaV Q¥ Bet 15 bits to, e.g., 17 bits. However, FLTREIOFES1062
unattractive to increase the size of the segnentation offset field in the
RLC protocol. Accordingly, another way to support these very high bitrates
wi t hout nodifying the size of the segnentation offset values is to create a
nunber of RLC PDU segnents for use in the original transm ssion of data in
a TTI, toay be usedividn drdensd, etghalesemiventd atticiPDUf seginente elitssahfe deqeéneahampal ues

| arger than 32 Kbyte. For exanple, if a total of 125 Kbyte is transmtted

in a TTheldrps ahd SiMGETHe ST vAaes mhPFef& 1M RLCYISU ARG ARG e Rﬂmﬁ? such
that the created RLC PDU segnents correspond to 4 separate RLC PDUs of 32

Kbyt e N4 | Js | cal Ly, not be

tr anam TED0: 24 el 8RR HRK R b el ﬂ“?%&%%%%%%u%%?fééeam%w@r%m hi's
enbodi nent _i.s Jllustrated as_Fjgure .7, where the nunbe RI.C PDU segnents
(- "Eemifecas 3804k . Flau® Pl MG, 0 RSSon0 G B PR &-rmy be

t he sane or ngy be different for a given TTlI.[0040] Other variations are
cont enpicgMented pyp casrespanding KL BDUsegments fonoriginplsiansmissianr Ifi s sl i ghtly

| arger than the normal RLC PDU header, the foregoing exenplary enbodi nments
wi | | sltegansmissioncis aaededsit garabé peyfarmed lae dekcribedishovaovitir spegt todFigmetdiet

exenpl ary enbodi nent, the foregoing techni ques nmay be used only sone of the
time, €/0039] when Tdsohteves bit Ry ofll GBSk, andto frbvidblbadiavdrd Bempdtiiligasnpl e, the
transmitter could determ ne whether to use RLC PDU segnents for original

transm méhtined a55E, sl dsSenfmgthANITH dbrshonils Fdd)l"lgg, 2y khpal néerdqgﬁgi tter,

e.g., a predeterm ned SN usage threshold cou provided at
transmitted per TTI according to this exemplary carrier aggregation embodiment. However,

the current segmentation offset values in existing RLC entities 52 are 15 bits in size, which
can therefore only indicate values up to 32 Kbytes. One way to address this issue is to
increase the size of the segmentation offset values from 15 bits to, e.g., 17 bits. However, it
may be unattractive to increase the size of the segmentation offset field in the RLC protocol.
Accordingly, another way to support these very high bitrates without modifying the size of
the segmentation offset values is to create a number of RLC PDU segments for use in the
original transmission of data in a TTI, but to avoid that the segmentation offset needs to
indicate values larger than 32 Kbyte. For example, if a total of 125 Kbyte is transmitted in a
TTI the transmitter can, for example, use 4 RLC sequence numbers such that the created RLC
PDU segments correspond to 4 separate RLC PDUs of 32 Kbyte each (in such an example
the RLC PDUs would typically not be transmitted; only the corresponding RLC PDU
segments). An example of this embodiment is illustrated as Figure 7, where the number of
RLC PDU segments (n, m, p and q) associated with each of the four sequence numbers may

be the same or may be different for a given TTI.
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transmtter which, when exceeded, could trigger the usage of RLC PDU
segnents for original transm ssions instead of RLC PDUs. For exanple, the

t hr eshol %8%10?0391%4set to 256 of 1024 SN. |If nore than %5@5%%8)351\)}?2 are
or

outstanding, 1t "would be triggered that RLC PDU segnents are use

original transm ssions. Alternatively, if nore than a certain nunber of SNs
are needed to transmt data in a particular TTl, e.g., if 4 SNs are needed,
then RLC PDU segnents could be used instead of RLC PDUs for that
particuylar, original transm ssion. This |atter alternative could al so be
conbi ndﬁ‘?‘wlt h t h&‘gﬂ vapatiensiase samemplated. §or exgraplpsinesaheBhCGPRYseamprt used
for original transmssion if nore than a predeterm ned nunber of SNs are
needed header is digbtly {argerghaml e Rotmaali RLG PPAF héadet, shie foTdgoimplexemparpr edet er ni ned
nunber of SNs are in use for that transmtter's SN space. Moreover, the

pr esentenibodizndnitsowill slightly indrédst signaking hveslfead A Thas)acedriiignaahother f or
determ ning when to switch in (or out) original transmssions via RLC PDU

S€geniekempfaryPdhisddimes tHedbRgol xe&ﬁ;%@?ﬁag%%aﬁ@diom}@uﬁm o?gf;ggﬂés, to this

exenpl ary enbodi nent, a transm tter nsmt orfginal Usitg RLC
PDUs duyg ' ' LIR:..aNn e ) ni,ainal . dat a
US4 b 46 A, B B TR BTGB
determ ned that the Likelihood of sequence stalling, hag increased above a
*r es hathethes K ise 1A PDEF sepments P dBeL s maspiandiosti o1 el HrRal e IN.S1 ng
RLC PDU segmnts during a first period of time and may |later transmit
ori gi napacgderthakirangmiites ¢ prdetangingd SN usage thyeshold eduld berprovideg.at thef t er i t
is determ ned that the |ikelihood of sequence stalling has fallen below a
t hr eshdetadsmitetwhich0@Hdn) exteedede opild tryggdeate whgd 0ORLEGPDIE segmemsfor beigdinil
which receives or transmts RLC PDU segnents as original data transm ssions
I s genefansmistivnd inktéad 6PREC PDUS.| BoteXample, the threshold could be set to 256 of 1024

SN. If more than 256 RLC PDUs are outstanding, it would be triggered that RLC PDU

segments are used for original transmissions. Alternatively, if more than a certain number of

SNs are needed to transmit data in a particular TTI, e.g., if 4 SNs are needed, then RLC PDU

segments could be used instead of RLC PDUs for that particular, original transmission. This

latter alternative could also be combined with the SN space threshold, e.g., RLC PDU

segments could be used for original transmission if more than a predetermined number of

SNs are needed for transmitting RLC PDUs in a particular TTI and if a predetermined

number of SNs are in use for that transmitter’s SN space. Moreover, the present invention is

not limited to these various alternatives for determining when to switch in (or out) original

transmissions via RLC PDU segments, as other techniques may be used instead. Thus,

according to this exemplary embodiment, a transmitter may transmit original data using RLC

PDUs during a first period of time and may later transmit original data using RLC PDU

segments during a second period of time, e.g., after it is determined that the likelihood of

sequence stalling has increased above a threshold value. Similarly, a transmitter may
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Therein, the eNodeB 32 includes one or nore antennas 7 1 connected to
processor(s) 74 via transceivers) 73. The processor 74 is configured to

anal yze signals received over an air interf ' nt ennas
71, gs mgpgzggﬁﬁﬁgée s?gnals received fromcore netmorkgﬁgaﬁkﬁﬁkgﬁf?access
gateway) via, e.g., an Sl interface. The processor(s) 74 may al so be
connected to one or nore nenory device(s) 76 via a bus 78. Further units or
functions, not shown, for perform ng various operations as encodi ng,
decodi ng, nodul ation, denodul ati on, encryption, scranbling, precoding, etc.
may opttransmitioyighnal datp using RI«IPDOL segmeents daring & ¢irstiperibd optimenad heyhater al so in
software or a conbination of these two possibilities as would be

appr ecitpdnelitliyigidabasta skinp lReE PDU"sfaﬁriﬁéEsé&n&%ﬁb@ofﬁﬁe}é%{‘%!ié’ﬁr(S) 72 and

processor(s) 74 to process uplink and downlink signals. simlar, generic

struct Lﬂeﬁmﬁleﬁ-thatitﬁ@iilﬁqeiiirhﬂt ?t;] . 9&{% sfﬁm’)rigcﬁas fA1AG et Hl?rlsh%rl"djvﬁgé.r anscei ver,

can be used (anong ot enent comuni catl on nodés such as

UEs 36. 421 Th for ni_catj in a network according to
an exer#))f’a y emo@f%ﬁﬁzﬁ%g%geds&"qrhg’&géﬁg eHopglgthntcB&eqehveﬁ ﬂég??s&whart of
Fi gure 9. ein, afirst plurality of service data units, SDUs, are sized
(e.g., @e@ﬁﬁi segments/as origial data franssaissions is eenerically iljustrated in Figyre §.adi o 1 nk
control, RLC, protocol data unit, PDU, segnents for the initial

t r ansmi eren the eNodeB 3ingludes enecqr more amieanas 7lheonheated taprocesbor(s) 7dfvieRLC PDU
segnents are transmtted at step 92. Simlarly, in Figure 10, another

net hod tfanscetwen(s)73.cBhe prgcessorteis wonfigured toushalyzt Brd pioepsskithalifreéetecd Vi ng a
first plurality of radio Iink control, RLC, protocol data unit, PDU,

segnentgvepsn APirtétfdck Fla the aneMas 1085 WEII BPthdse didRdslecEReP o tokd RethBRETOI NY,

it will be apparent that these exenplary enbodinents
node (e.g., access gateway) via, e.g., an S1 interface. The processor(s) 74 may also be
connected to one or more memory device(s) 76 via a bus 78. Further units or functions, not
shown, for performing various operations as encoding, decoding, modulation, demodulation,
encryption, scrambling, precoding, etc. may optionally be implemented not only as electrical
components but also in software or a combination of these two possibilities as would be
appreciated by those skilled in the art to enable the transceiver(s) 72 and processor(s) 74 to
process uplink and downlink signals. A similar, generic structure, e.g., including a memory
device, processor(s) and a transceiver, can be used (among other things) to implement
communication nodes such as UEs 36.
[0042] Thus, a method for communicating in a network according to an exemplary
embodiment includes the steps illustrated in the flowchart of Figure 9. Therein, a first
plurality of service data units, SDUs, are sized (e.g., segmented and/or concatenated) into a
first plurality of radio link control, RL.C, protocol data unit, PDU, segments for the initial
transmission of that data at step 90. Then, the first plurality of RLC PDU segments are

transmitted at step 92. Similarly, in Figure 10, another method for communicating in a
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provi de for flexible usage of resegnentation to, anong ot her things,
address SN space issues. In order for the receiver to recogni ze whet her

i ncom ng l.5gl,ons are formatted as RLC PDUs or RLC , a
resegnenﬁgp?gﬁmkﬁgg can be provided in the header inforﬁa |g§&ﬁ@ﬁ@%§
resegnentation flag indicates howto interpret the header bits that are
provided after the SN field. Wen the resegnentation field is set tol, this
indicates that the data unit is an RLC PDU segnent and that one of the
foll ow ng header fields provide, the correspondi ng. SQ information. Wen it
i s unsaetworkinchidss thesiepai000 reqeining a firs plusalityjpfradip link senirqlRELC; s an RLC
PDU and that no SO information is provided. [0044] The above-descri bed
exenpl arofochiatdiunit RBUasegmentsaasdpdnitiel tiansiissist ofatatasre i n al | respects,
rather than restrictive, of the present invention. For exanple, although

the ex¢00aBpry enBashidomthe felegsing fieoiilabeaspapsn® hat ¢hese eXeimplagenbodiménts one SN
and nmultiple sequence offsets are used to transmt RLC PDU segnents in each

T, i brdv%ea#oﬁﬁc,asﬁsiséubeeoftreseg%n{a%ﬁwﬁmﬁgimrmaggraha.iegs’ﬂsN?s ARgGEuesi on
wherein one SN is used across nultiple TTIS, e.g., transmttihg one RLC PDU

Segne .nin &%E:r P(-)nhev\deéé?vérng réc%gﬁitzg' %lé{'ﬁ\t?mr ﬂ#?%?éq?@éns%%smr@%dy §°B1“¥ﬁ{d %}kﬁﬁz and

nodi fi cat'l’ons™ are "consi‘dere the scope an
e oI e et b i B S oy o
construed as critical or essential to the invention unless explicitly
descr i ifarmeatiosy dihe resegmentaion, Segindigatgshow tadnigraretdhe heagder bits thataraded to
i nclude one or nore items. CLAIMS; 1. A method for comunicating in a
net wor providedrafter thg:SN field. When the resegmentation field is set tol, this indicates that the
data unit is an RLC PDU segment and that one of the following header fields provide the
corresponding SO information. When it is unset, the resegmentation flag indicates that the
data unit is an RLC PDU and that no SO information is provided.
[0044] The above-described exemplary embodiments are intended to be illustrative in
all respects, rather than restrictive, of the present invention. For example, although the
exemplary embodiments described above provide techniques whereby one SN and multiple
sequence offsets are used to transmit RLC PDU segments in each TTI, it is also possible to
use resegmentation for original transmission wherein one SN is used across multiple TTlIs,
e.g., transmitting one RLC PDU segment per TTI with the same SN but different SOs.
All such variations and modifications are considered to be within the scope and spirit of the
present invention as defined by the following claims. No element, act, or instruction used in
the description of the present application should be construed as critical or essential to the

invention unless explicitly described as such. Also, as used herein, the article “a” is intended

to include one or more items.
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sizing at |east one service data unit, SDU, into a first plurality of radio
link control, RLC, protocol data unit, PDU, segnents for the initial
transm ssion of said at |east one SDU, and transmtting said first

pl ural it yYWOR2OWBOBhU segnents. 2. The method of clai m 1PCHYEPUSHSYEE d step
of sizing further conprises: sizing said at | east one service data unit,
SDU, into at |least one radio link control, RLC, protocol data unit, PDU,
and re-segnenting each of the at | east one RLC PDUs into said first
plurality of RLC PDU segnments for the initial transm ssion of said at |east
one SDICLAIMEie nmethod of claim1 or 2, further conprising: receiving an
indication that at | east one of said first plurality of RLC PDU segnents
needs to be retransmtted; and retransmtting said at | east one of said
first plurality of RLC PDU segnments. 4. The met hod of claimany one of
clainms {-3, I.S§.04. ass] 0Nl . 1 he sanme sequence nunber for
use in léri giAna ﬁtllhﬁt;oggés’fﬁ,'ﬁ}hﬂcﬁgn@gx‘dﬁ#ﬁ%{c‘%ﬁ%‘;gﬁty of RLC PDU segnents
during a trapnsmssion tinme interval, TTI, whereipn each of said first
plurality ofS'ﬂE%:aéﬁft QBGSREYICE datp igit; ﬁpuﬁ’é‘%a gr%ipr%lﬂ&ﬁf ragio) ks onotl.s et
value. 5. _The nmethod of any one of clains 1-3, further conprising:

assi gni RECaPrplogpkdata wbﬂ’mifsmn@m fardbe initisd tnansmission pbsaidigeleast one SHhal | y
transmtting said first plurality of RLC PDU segnents during a transm ssion
time i randrval , TTI, wherein each of said first plurality of RLC PDU
segnents whi ch has a sane sequence nunber al so

transmitting said first plurality of RLC PDU segments.

2. The method of claim 1, wherein said step of sizing further comprises:
sizing said at least one service data unit, SDU, into at least one radio link control,

RLC, protocol data unit, PDU, and

re-segmenting each of the at least one RLC PDUs into said first plurality of RLC

PDU segments for the initial transmission of said at least one SDU.

3. The method of claim 1 or 2, further comprising;
receiving an indication that at least one of said first plurality of RLC PDU segments
needs to be retransmitted; and

retransmitting said at least one of said first plurality of RLC PDU segments.

4, The method of claim any one of claims 1-3, further comprising:
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I ncludes a different segnent offset value. 6. The nmethod of any one of
clains 1-3, further conprising: assigning only one sequence nunber for use

in origi Ly t mtting said first plurality of RLC during
a plural :\?b Zé%()/(%?ir}?er ent transm ssion tinme intervals, T$P¥/,Si\%@g}ragllt0§2 each of

said first plurality of RLC PDU segnents which has a sane sequence nunber
al so includes a different segnent offset value. 7. The nethod of any one of
claims 1-6, further conprising: determning that a |likelihood of sequence
nunber stalling has dropped below a threshold val ue; sizing a second at

| east one SexsigningGonly thesame sgawence aumber fopusq iniariginally teansmitting emid fissd
transmtting said at | east one of RLC PDUs.8. The nethod of any one of

cl ai ns plirality of RbEPRU spgments duringes gramsnmissign timetintarval,KETT| wherdinodack efjuence
nunber stalling has exceeded a certain threshold value; transmtting said

first pdidfisdtipluality oRRCCPEDUSsRgiients Alsolindl @dd3ndi ffefefit Sephféntleff&st Waleng st ep.
9. The nethod of any one of clainms 1 and 3-8, wherein said step of sizing
further conprises: directly sizing said at | east one service data units,

SDU, into said first plurality of radio |ink control, RLC, protocol data

uni t, ?DU %’ﬁg rrB%EHO% thViaB)h 8H¢t‘, oI‘ ci:lgi?rgs F—k,z f'uptgers c%rr(xjpr?stmglz east
assigning a plurality of different sequence numbers for use in originally transmitting
said first plurality of RLC PDU segments during a transmission time interval, TTI, wherein
each of said first plurality of RLC PDU segments which has a same sequence number also

includes a different segment offset value.

6. The method of any one of claims 1-3, further comprising:

assigning only one sequence number for use in originally transmitting said first
plurality of RLC PDU segments during a plurality of different transmission time intervals,
TTls, wherein each of said first plurality of RLC PDU segments which has a same sequence

number also includes a different segment offset value.

7. The method of any one of claims 1-6, further comprising:

determining that a likelihood of sequence number stalling has dropped below a
threshold value;

sizing a second at least one SDU into at least one RLC PDU for initial transmission;
and

transmitting said at least one of RLC PDUs.
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one SDU into at |east one RLC PDU. 10. The nethod of any one of clainms 1-9,
wherein said first plurality of RLC PDU segnents each include a

resegnent‘@bizgﬂ)/(kk%g which is set to a value of one. 11. Pér%%%)agﬁ i ons

node conprising:. a processor adapted to size at | east one service data
unit, SDU, into a first plurality of radio link control, RLC, protocol data
unit, PDU, segnents for the initial transm ssion of said at | east one SDU;
a transceiver, connected to said processor, adapted to transmt said first
plurality of RLC PDU segnents; and a nenory device, connected to said

procesgor, Jqtapietithd of ady ohe of elafing 1-7Fhrtidr eombpiitingof RLC PDU segnents. 12.
The Commruni cati ons node of claim 11, wherein said processor is further

configured tdetefrhihtngSthhtch MitelihB6® bf RQ8erite nvinber dallifg UAS Excectidd a deithfh at | east
one radio link control, RLC, protocol data unit, %’DU and to re-segnent

each OfthrE{lﬁlcf"{z L&ast one RLC PDUs into said first plurality of RLC PDU
segnents tTor the’initial transnission of said at | east one SDU. 13. The

conmruni cati gns node of, clains 11 erein said processor is.further
Capted to tBpunguEsd e plfabhofRLE PRU Bkt feoReiorart deemipitb ol 1y
of RLC PDU segnents needs to be retransmtted; and wherein said transceiver
is furBK8r adapted to retransmt said at |east one of said first plurality
of RLC PDU segnents. 14. The communi cations node of any one of clains 11-13
wherein said processor is further adapted to assign only the same sequence
nunber for use in originally transmtting

9. The method of any one of claims 1 and 3-8, wherein said step of sizing further

comprises:

directly sizing said at least one service data units, SDU, into said first plurality of
radio link control, RLC, protocol data unit, PDU, segments without first sizing said at least

one SDU into at least one RLC PDU.

10.  The method of any one of claims 1-9, wherein said first plurality of RLC PDU

segments each include a resegmentation flag which is set to a value of one.

11. A communications node comprising:

a processor adapted to size at least one service data unit, SDU, into a first plurality of
radio link control, RLC, protocol data unit, PDU, segments for the initial transmission of said
at least one SDU;

a transceiver, connected to said processor, adapted to transmit said first plurality of
RLC PDU segments; and

a memory device, connected to said processor, adapted to store said first plurality of

RLC PDU segments.
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said first plurality of RLC PDU segnents during a transm ssion tine
interval, TTl, wherein each of said first plurality of RLC PDU segnents

al so i nclwdesiowsgishf erent segnment of fset value. 15. The pe@RibivgodiosoNsS node
of any one of clains 11-13 wherein said processor is further adapted to
assign a plurality of different sequence nunbers for use in originally
transmtting said first plurality of RLC PDU segnents during a transm ssion
time interval, TTI, wherein each of said first plurality of RLC PDU
segnents whi ch has a sane sequence nunber also includes a different segnent
of fset val ue. 16. The conmmuni cati ons node of any one of clains 11-13,
wherein said processor is further adapted to assign only one sequence
nunber 18or Jdbe communicgtionrs nogdetof gladmyililt whereinesaid piocessopis furhdriconfigurl © PDU
segnents during a plurality of different transmssion tine intervals, TTIs,
wher ei gizeagill ableast@ind sérvicetdar uni BDLY, intd aRleastiiae radig Makicentedl| RbChas a sane
sequence nunber also includes a different segnent offset value. 17. The

CoMUNEGSddP BotaRAREPOU, At/1038ReShertlcBENSS thd al i IsAndd/sAfIERSOr 1S
furt he?ﬁg%iapt ed to deter rritr?e tﬁ%%ea I'i kel i hgogasotwﬁgg%uce]gggjsﬁﬁ%gr stgl i ng

has dr gRRafly BEROV PDUEERRAL forthL HiAMhnbRishiBR Be ShifiS RaSERAYG! | east ane

SDU i nto at” | east one TOF Tt a ransni ssi on, €rein said
transceiver is further adapted to transmt said at |east one RLC PDU. 18.
The conmuni cati ons node of any one of clainms 11-17, wherein said processor
is further adapted to determne that a |ikelihood of sequence nunber
stal I i A8 hadhe gemawaisationssiadgioh claped her 42, vheseinspid processarrs fures i t sai d
first plurality of RLC PDU segnents in

adapted to receive an indication that at least one of said first plurality of RLC PDU segments

needs to be retransmitted; and wherein said transceiver is further adapted to retransmit said at

least one of said first plurality of RLC PDU segments.

14.  The communications node of any one of claims 11-13 wherein said processor is
further adapted to assign only the same sequence number for use in originally transmitting
said first plurality of RLC PDU segments during a transmission time interval, TTI, wherein
each of said first plurality of RLC PDU segments also includes a different segment offset

value.

15.  The communications node of any one of claims 11-13 wherein said processor is
further adapted to assign a plurality of different sequence numbers for use in originally
transmitting said first plurality of RLC PDU segments during a transmission time interval,
TTI, wherein each of said first plurality of RLC PDU segments which has a same sequence

number also includes a different segment offset value.
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response to said determ nation. 19. The conmmuni cati ons node of any one of
clainms 11 and 13-18, wherein said processor is further adapted to directly

si ze sai (Algaf:zglnofoggﬁtsfone service data unit, SDU, into sai gFé}S@mg‘Eoﬁ@% %%al ity of

radio i RLC, protocol data unit, PDU, segne i rst
sizing said at |east one SDU into at | east one RLC PDU. 20. The

Commruni cati ons node of any one of clainms 11-19, wherein said first
plurality of RLC PDU segnents each include a resegnentation flag which is
set to a value of one. 21. The communi cati ons node of any one of clains
11- 20 witer ei Thesaintinudeations aadé ofwmyrondef chirms US-¢8, whgttiprsRidtprocsisor 1€

Commruni cati ons node of any one of clainms 11-20 wherein said comruni cations

node i sfuph&afiapted & 4Ripn ofby orfe EGhLERE _nEﬂbePﬁWin‘@féiMlgg%n?lgPﬁﬁ%ﬂ’é&

conprising: receiving a first plurality of radio |ink

rot oc N LS s el 1 m.ssion of data. 24.
‘Fl)'he mﬁrgwg@@r %tfl%@?ﬁ q S%?Ec@gﬁ) ra@%‘#ﬁg&‘%‘ﬁéﬁé’ﬁﬁ%‘ﬁéﬁ%%h°'ﬁ "8f cati on t hat
at | east,k on sai,d plurality. RL.C PDU needs to

retr ans'mef‘faz%l; ' heéeg’éF‘i‘ﬁ%r?J Sé‘d?‘jgf‘rpﬁvféﬁ%ys%ﬁiﬁ?ﬁr@&iaqg&le&fs w@a@ﬁ%w sai d
plurality of RLC PDU segnments. 25. The nethod of claim 23 or 24, further
conpr i sTEAYENCE BEbEK alsp igpludes g dificeent segmpnt affset valwBer in each of said

plurality of RLC PDU segnments during a transmission tinme interval, TTI,
wherein each of said RLC PDU segnents

17.  The communications node of any one of claims 11-16, wherein said processor is
further adapted to determine that a likelihood of sequence number stalling has dropped below
a threshold value and to then size a second at least one SDU into at least one RLC PDU for
initial transmission; and wherein said transceiver is further adapted to transmit said at least

one RLC PDU.

18.  The communications node of any one of claims 11-17, wherein said processor is
further adapted to determine that a likelihood of sequence number stalling has exceeded a
certain threshold value and to then transmit said first plurality of RLC PDU segments in

response to said determination.

19.  The communications node of any one of claims 11 and 13-18, wherein said processor
is further adapted to directly size said at least one service data unit, SDU, into said first
plurality of radio link control, RLC, protocol data unit, PDU, segments without first sizing

said at least one SDU into at least one RLC PDU.
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al so includes a different segnment offset value.26. The nethod of claim 23
or 24, further conprising: receiving a plurality of different sequence

nunbers i i rality of RLC PDU segnents during a tr 1SSl time
i nterval ,‘Q?'Slzﬁi,oq%ﬁ%yei n each of said RLC PDU segnents m%gﬂ%ﬁg@ﬁég@gﬁ
sequence nunber also includes a different segnent offset value. 27. The
nmet hod of claim 23 or 24, further conprising: receiving only one sequence
nunber in said plurality of RLC PDU segnents during a plurality of
different transmssion tinme intervals, TTls, wherein each of said RLC PDU
segmentd V\/rﬁrg‘hc‘?{ﬁ@“ﬁ‘c%% node abareonsfistaimg) 14 ol 9, whietsir said figst plusalitiiof segnent
of fset value. 28. The nethod of any one of clains 23-27 wherein said first
pl ur al RL{E RPURegmems eachdnelndesa ssegmentationd@agawhieh égyset ta avaloe of begg whi ch i s
set to a value of one. 29. A comuni cations node conprising: a transceiver
adapted to receive a first plurality of radio link control, RLC, protocol
data unit, PDU, segnents as the original transm ssion of data associ ated
therewpbih; hdEIRMUNERAYINESH08E8PER o iAmS di@(ﬂwﬁéréﬁﬁtsaf?fw &hﬁixao}%s RLC PDU
segnments; and a processor, connected to said transceiver and salrd nmenory
devi ce . ckage said RLC PDU segnents into output data. 30.
The co%ﬂ?gﬁgghglp@g of claim?29, wherein said processor is further
adapted to determ ne that at | east one of said plurality of RLC PDU
segnents needs to be retransmtted; and wherein said transceiver is further
adapted to transmt a request for retransm ssion ofsaid at |east one of
sai d p24r al Thecammpnicatimg node abanysone3if claims 1d 2dwhéreintsaisheommukications| ai s
29 or 30, wherein said transceiver is further

node is a base station.

23. A method for communicating in a network comprising:
receiving a first plurality of radio link control, RLC, protocol data unit, PDU,

segments as an initial transmission of data.

24.  The method of claim 23, further comprising:
transmitting an indication that at least one of said plurality of RLC PDU segments
needs to be retransmitted; and

receiving a retransmission of said at least one of said plurality of RLC PDU segments.

25.  The method of claim 23 or 24, further comprising:
receiving only the same sequence number in each of said plurality of RLC PDU

segments during a transmission time interval, TTI, wherein each of said RLC PDU segments

also includes a different segment offset value.
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adapted to receive RLC PDU segnents having only the same sequence nunber
for said data during a transm ssion tine interval, TTI, m?ﬁreln e?ch 023
said RLC PDU segnents al so includes a different segnment offset val ue.

The conndﬁp8ﬁngﬁ§4node of clains 29 or 30, wherein sai §TPEFNBEIPET i s
further adapted to receive RLC PDU segnents having a plurality of different
sequence nunbers for said data during a transmssion tinme interval, TTI,
wherein each of said RLC PDU segnents which has a sane sequence nunber al so
includes a different segnent offset value. 34. The comuni cati ons node of

claims 28 orTEOmethbébeelains 28 dr 24,duakeicomiprisingf ur t her adapted to receive RLC
PDU segnents having only one sequence nunber for said data during a

plurality Ofreé@if/ihg%Waﬁ{y%h‘ﬁf&éﬁt%@gﬁén@?nﬁ:%&%Y@La?%i[ﬂlﬁ 0 t‘glibgldea(:h of

said RLC PDU segnents which has a sane sequence nunber afso I n es a

differ . . o nicati gns one of
cl ai ns gmgljﬁ ’E&ﬁé gyﬁﬁ%ﬁsgg% ﬁ&se tlgtgfvl??:g[leﬁ [t @H%#' a&f» B&ﬁ“g BB&S’?}@@ SEBOAMS el ude
a resedipf gl 9 Qanfnel & ut‘e’x\lll?:l(e %ﬂrﬂb%r a g(g intcﬁ.ldgsn a different segment offset value.

27.  The method of claim 23 or 24, further comprising:
receiving only one sequence number in said plurality of RLC PDU segments during a
plurality of different transmission time intervals, TTIs, wherein each of said RLC PDU

segments which has a same sequence number also includes a different segment offset value.

28.  The method of any one of claims 23-27 wherein said first plurality of RLC PDU

segments each include a resegmentation flag which is set to a value of one.

29. A communications node comprising;

a transceiver adapted to receive a first plurality of radio link control, RLC, protocol
data unit, PDU, segments as the original transmission of data associated therewith;

a memory device adapted to store said first plurality of RLC PDU segments; and

a processor, connected to said transceiver and said memory device, adapted to

repackage said RLC PDU segments into output data.

30.  The communications node of claim 29, wherein said processor is further adapted to
determine that at least one of said plurality of RLC PDU segments needs to be retransmitted;

and wherein said transceiver is further adapted to transmit a request for retransmission of
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said at least one of said plurality of RLC PDU segments.

31.  The communications node of claims 29 or 30, wherein said transceiver is further
adapted to receive RLC PDU segments having only the same sequence number for said data
during a transmission time interval, TTI, wherein each of said RLC PDU segments also

includes a different segment offset value.

33.  The communications node of claims 29 or 30, wherein said transceiver is further
adapted to receive RLC PDU segments having a plurality of different sequence numbers for
said data during a transmission time interval, TTI, wherein each of said RLC PDU segments

which has a same sequence number also includes a different segment offset value.

34.  The communications node of claims 29 or 30, wherein said transceiver is further
adapted to receive RLC PDU segments having only one sequence number for said data
during a plurality of different transmission time intervals, TTIs, wherein each of said RLC
PDU segments which has a same sequence number also includes a different segment offset

value.

35.  The communications node of one of claims 29-34, wherein said first plurality of RLC

PDU segments each include a resegmentation flag which is set to one.
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