RLC SEGVENTATI ON FOR CARRI ER AGGREGATI ON TECHNI CAL FI ELD 100011The present
I nvention relates generally to tel ecomruni cati ons systens, and in
particular, to methods, systens, devices and software for segnmenting data

i n radi ocommuni cati ons systens. BACKGROUND 100021Radi ocommuni 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 2.50 and 30 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 oconmunication systemis overlaid

onto a vmtched or packet-switched network as a first
step i ﬂacﬁ?e&n’r)%%a‘ﬁoﬁgwsio an all |P-based network. Alternatively, a
radi oconmuni cati on system can evol ve fromone generation to the next while
still providing backward conpatibility for |egacy equi pnent. 10003] One
exanpl e of such an evol ved network is based upon the Universal Mobile
Tel ephone System (UMIS) which | BAGKGROUND third generation (3G
radi oconmuni cati on

[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



systemthat is evolving into H gh Speed Packet Access (HSPA) technol ogy.

Yet another alternative is the introduction of a new air interface

technol ogy within the UMIS franework, e.g., the so-called Long Term
Evolution (LIE) technol ogy. Target performance goals for LTE systens

i nclude, for exanple, support for 200 active calls per 5 MHz cell and sub 5
ns |atency for small | P packets. Each new generation, or partial

generation, of nobile comunication systens add conplexity and abilities to
nobi | e conmuni cati on systens and this can be expected to continue with

ei t her S¥steraibat inenolvipg inie Hligh Speed\Packati csessdHSBAd teshpoloayy ¥stamether i n t he
future. 100041The LTE Rel-8 standard has recently been standardi zed,

suppor taltematiemidwhalintredugtion@f 2Gievhir. intdofaee technologyowitkin the UMES fiatmewopigon ng

| MT- Advanced requirements, 3GPP has initiated work on LI E-Advanced. One
aspect eqf., thd bo-Aallediamg ﬁmtm/oamﬁaqugwaﬁmwgﬁ sr&gét%ﬁffohhmc?g%amr in a
manner whi ch assures backward conpatibility wwth LTE Rel-8, including

spect r yrrEegRRats iRélhdd, )forI ekdindld, S goRSol PG n%&i% 'c%lﬁl‘_ ANEE e 3hd 58 5 mihi ch is

wi der than 20 MHz, shoul d appear 'as a nunber o carriers to an LIE

Rel-8 t ' h rier can . be referred to.as " cqnponent

carri erlﬁgmfggbgﬁégﬁ%%#%‘ %?é" ‘l?d‘\’/ﬁﬁ&eé%}m&eﬁﬁ rﬁeg?ra}l?n,iozné@glgct ed t hat
there will be a snmaller pnunber qf LIE-Advanced-capable termnals in

oper at CORTHENCAHAR SYSiems J@F&‘F}PI‘E’*@ and ghtlifies i mpbile communisation systemsaadr ef or e,
it is necessary to assure an efficient use of a wde carrier also for

| egacy this can bea¢xpected ¢o continge with eitbeenbandsmentsdo ipngosedsystensraricomplamtiegr e

| egacy term nals can be scheduled in all parts of the w deband LI E- Advanced
carri emew@ystemayn the fatnkd.eve thi s objective is by nmeans of carrier
aggregation. Carrier aggregation inplies that, for exanple, an LTE-Advanced

ter m nghogagn rec%mmkéﬂ@é@&%%&@mwefﬁ Qhtdar @d,%uﬁé’kﬁli mponent

carriers have, or at |east have the possibility to have, e Sanme structure

S T S SN

a sing lrgqu\{\#.egl%gt%p 965]9 Lzras! 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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[ 0006] LTE systens use hybrid- ARQ where, after receiving dowlink data in a
subfranme, the termnal attenpts to decode that data and reports to the base
station whether the decodi ng was successful (ACK) or not (NAK). In the case
of an unsuccessful decoding attenpt, the base station can retransmt the
erroneous data. Downlink transm ssions are dynamcally scheduled, i.e., in
each subfranme the base station transmts control information on which

term nals are supposed to receive data and upon which resources in the

curren | i nk bf .. Jhis control sjianalkdlng is icall nsmtted
i 1 e CTRL P SRS A b B BB Bl 8 Eighe Ao bRl MR ¢ i
listen to the contrql channel and, if it detects a downlink assignnent
addr es Sempensnt sarriens d Oags agasegatey to)form a single widebandcasmier. gener at e f eedback in
response to the transmssion in the formof an ACK or a NAK dependi ng on
whet hel0006k dat a LTEsystems wseihylyid-aRQ where, after redeidog HawelistkMi@a pr ot ocol

enpl oyed in LTE systens uses a nunber of HARQ processes each having their
own i deutifrdime; eiei teymiqhllEtemplsctocleaoddARR datpaRiSeporss 0IheBiseatdtionavietientiRy to a
| ogi cal buffer in the receiver. When retransm ssions are perforned for a

hi gher gbayg Widducédigml BXEKS bARSTNIOAT thelch o?%&mwc\é\é&m%%angnd the

receiver knows (fromthe HARQ process ID) that the retransm ssionhs should

be confj ' e 0 i tter eceived an ACK for
he tr Rt HepdsERabordal Thran ik BRahdriR 3 Kbyl RR sBERsH R e Tiare
proces§ and i.ndi cates, that to the.receiver with a new data jndi cator on the
"1/ o orarealBiashibied Mo b seh OGRS tisy e HaNion Cansuty cparwbagmam@
process but since transm ssions can be ongoing in nultiple, staggered HARQ
pr oces 8 &vhightampinals aresuppesed dn recsivg ista andritpen ehiethreseurgessiaithe eurrenbe nunber
of HARQ processes needed to achieve a continuous transm ssion depends on,
anong dowslink subfrgme. This cpntoalesignialing isagpicalgneaismiited inthe iadeBoafORINA user
equi pnent (UE). For LTE systens, about 8 HARQ processes are needed to

provi de{rﬁbag HEEHeN sabbfydnte, OA téhvith D willthld listrioahé 8dhtrol CRAREONRI, PAPaEdBi i t Y
for inplenenting carrier aggregation is to performcoding and hybrid-ARQ

ret ra”ﬁﬁb@ﬁiiﬂ?&ss?ﬂnﬁn?ﬂdr&s@ﬁ"%”iﬁ% gegalmﬁ? Iilgﬁééoﬁi ﬂféﬂv%aga;gm;g@g% this type

of carrier aggredation is 1lTustra ure be
transm.tted t.0o a given termnal.is trapsmtted t hr o opent carriers
20, 22 FEHEFKAR "FRORSEAO e toTEsianeinghs gt an AGK o a UK deptndipgion
correspond to having a transport block (or two transport bl ocks in case of
spat i awhgther the data was)depeded comsethemt ndtar rier. The structure in Figure 2 uses
mul tiple, independent hybrid-ARQ entities 26, 28 and 30 to inplenent the
HARQ pftd¥@kses i the HARR gratocad eopdoyed omLTEl syéteiCusésca mumbédraf HARQI d- ARQ
operati on, acknow edgenents informng the transmtter regardi ng whet her the

recept pritestks éachhaving dhidir HvA tdeniBisatiaqID}; Whke HHARD pAdc@sd i8R alle Way to
i npl enent such acknow edgenments would be to transmt nultiple

acknowfgeﬂ% BogiaF 6AKAS the Reeiva WY rre&mﬁmag%égmea@é @gh&ﬂse

where Spatia tiplexing 1's enployed, an ac e woul d

correspon wo bits as.therge are ransport, bl ocks on a ¢ onent
corr 1 oPSPEPPR.EY B} dhshRucdife ek HARA HRPERANG e SECTA Mol BRRYBE
mul ti plexing, an know edgenent .nmessage is a single bit as there is only a
si ngl eﬂﬁ%ﬁagwﬁs @3&4&%@ Tapsmsyiers shenld hesombingek with sachaathery When the
i npl erent ati ons are possible.

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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1000911 f carrier aggregation is perfornmed as shown, for exanple, in Figure
2, this nmeans that several transport blocks (TBs) may be transmtted per
transm ssion tine interval (Ul). If, for exanple, 20 MHz carriers are
aggregated to a total bandw dth of 100 Mz to achieve a | Cops peak rate, 5
TBs per 111 need to be transmtted. If spatial multiplexing is wused this

I ncreases to 10 TBs per TTlI with the current LTE solution, which uses two
TBs per TTI when performng spatial multiplexing. If the solution for
spatial nultiplexing is nodified in future rel eases, the nunber of TBs per
TT! maycontinuassransmissiof depands on)\Amdngtdikerahings nhe prooéssing|reqitentdntsyia ther LI E,
e.g., as described in the standards specification 3GPP 36.322 entitled

" Evol vesNddeBaad sid usteequiprentdUERRr €. TR ga s fbodl BMARBG#b&stdsake Cont rol
(RLC) protocol specification", where one RLC PDU is transmtted per TB this

i”p|ie%&ﬁ@to@ﬂdaﬁ&mdwm“&ﬁﬂe:@G-‘(ljg?)g&ﬁe?d%%mttEd per TTI, which

qui ckly consunes RLC sequence nunbers sequence nunbers per TI!).

RLC segpgpggiat i on I N re detail .bel o Thus. carrier
aggr eg oo may, é%%dghngllg?{%é@?’%ﬁe%% ggﬁtﬁgr Feprrgio r\sdté’sqe\rpfgﬁrf‘é:o gand of
stal li af C ptotocol since only half of the sequence nunber (SN)
space ﬂ@&ﬂﬂé‘{@@g %ﬁﬁ%ﬂﬁf"@ PP APERFIMRRNERt garties; basis; Ap example of thisitypaof any
given tinme to ensure that there is no SN anmbi guity between a new

t r ans ni‘8gies Aegnsgationrig illustated énFignrer biwhergdata tochd tzanssiitted ©la\giddterminal

[ 0010] Systens, devi ces, nethods and software according to these exenplary

enbodi rietrassnptted ol thréeocompeodant aagridri 20, 2rdner240fIn dhief xistimgtL TR SHRNGe, thignber s
used to transmt radio link control, RLC, data blocks to avoid, for

exanpl aechhifiieansitd E8+Pd3gondtodHalingh trahishéit BREBK @ﬁ“l t%QMdfﬁﬁa(Pstm caded

f
exanple, transmtting or receiving RLC protocol data unit, PDU, segnents as

the i nighhddl nfliiAExifE)1*r cbMPORAAE EarBibr. 4RE G QUIUA iﬁgai}rie 9"lises 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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[ 0011] According to one exenplary enbodi nent, a nethod for comrunicating in
a network includes the steps of sizing at |east one service data unit, SQU,
into a first plurality of radio link 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 communi cati ons node i ncludes a processor
adapted to size at |east one service data unit, S into a first plurality

DU
of radio Jipnk control, RLC, protocol data unit, PDU, se nts fqr.the
i ¢ amsyddiRrTea P 1 TBRpeLtT] \@algfheowéresﬂa?ﬁéolgﬁaﬂs‘e@%@ﬁes WBHRSREd t o
the processor, adapted to transmt the first plurality of RLC PDU segnents,
and a rdiovhen pexformaing spatiaborudtiplexing.Hé thersobwion der, spatialpneltiplexingtis modifiag f i r st
plurality of RLC PDU segnments. [0013] According to yet another exenplary
enbodi nimfAiturcaclexseliabe AumbaraNTiBs pea b ghayrinereasetewen Furihee.| Widsthe barraitep of
receiving a first plurality of radio link control, RLC, protocol data unit,

PDU, s @gdtBey] Stradturfin ILTE, k3l ab dasteibed &l B8 sRhd4kas SpeclQtidh AGPPris. g to still

anot her exenpl ary enbodi ment, a conmuni cati ons node includes a transceiver

not hef "exerpl ary enbo - communicat 1 ons |
Gt a. oaniedsENER hilortd Tefeifl kidto Rk EREERAL, 18RS LR odhtol RLEA PCG

ther ewptr(t]tbcoq sggz?ﬁga%on”, where one RLC PDU is transmitted per TB this implies that many

RLC PDUs may need to be transmitted per TTI, which quickly consumes RLC sequence
numbers (e.g., 10 sequence numbers per TTI). RLC segmentation for LTE is discussed in
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.



devi ce adapted to store the first plurality of RLC PDU segnents, and a
processor, connected to the transceiver and the nenory device, adapted to
repackage the RLC PDU segnents into output data. BRI EF DESCRI PTION OF THE
DRAW NGS 100151The acconpanying drawi ngs illustrate exenplary enbodi nents,
wherein: 100161Figure 1 depicts carrier aggregation; 100171Figure 2 depicts
carrier aggregation with i ndependent hybrid automatic retransm ssion
request (HARQ) entities;

SUMMARY
[0010] Systems, devices, methods and software according to these exemplary
embodiments provide for reducing the number of different sequence numbers used to
transmit radio link control, RLC, data blocks to avoid, for example, sequence number
stalling. This can be accomplished by, for example, transmitting or receiving RLC protocol
data unit, PDU, segments as the initial or original instance of data communication.
[0011] According to one exemplary embodiment, a method for communicating in a
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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[00181Figure 3 illustrates elenments of a radi ocommuni cation system
according to exenplary enbodi nents; 100191Figure 4 shows the el enents of

t he radi ocomruni cati on system of Figure 3 connected to ot her conmunication
nodes; 100201Figure 5 illustrates entities associated with processing data
i n conmuni cati on nodes according to exenplary enbodi nents; (00211Fi gure
6(a) illustrates conventional sizing of data at the radio |ink |ayer;
100221Fi gures 6(b) and 6(c) illustrate sizing of data according to

exenpl device adapted to store the first plurality of RLC PDU segments, and a processor, connected
to the transceiver and the memory device, adapted to repackage the RLC PDU segments into

output data.



enbodi nent s;

100231Fi gure 7 depicts sizing of data according to anot her

exenpl ary enbodi nent; 100241Fi gure 8 shows a conmuni cati ons node accordi ng
to an exenplary enbodi ment; and 100251Figures 9 and 10 are flowcharts

il lustrating nethods of conmmuni cating according to exenplary enbodi nents.
DETAI LED DESCRI PTI ON

[0015]
[0016]

[0017)

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings illustrate exemplary embodiments, wherein:
Figure 1 depicts carrier aggregation;

Figure 2 depicts carrier aggregation with independent hybrid automatic

retransmission request (HARQ) entities;

[0018]

Figure 3 illustrates elements of a radiocommunication system according to

exemplary embodiments;

[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]

[0022]

Figure 6(a) illustrates conventional sizing of data at the radio link layer;

Figures 6(b) and 6(c) illustrate sizing of data according to exemplary

embodiments;

[0023]

[0024]

Figure 7 depicts sizing of data according to another exemplary embodiment;

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.



100261The follow ng detail ed description of the exenplary enbodi nents
refers to the acconpanyi ng drawi ngs. The sane reference nunbers in
different drawings identify the sane or simlar elenments. Also, the

followi ng detailed description does not limt the invention. Instead, the
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. 100271Ref erence throughout the specification to
"one enbodi nent” or "an enbodi nent" neans that a particul ar feature,
structure, or characteristi QEPAILEDDESERIBIION  on with an embodi nent is
included in at | east one enbodi nent of the present invention. Thus, the
appear §0028) of t h&@hplfolbkaeag detailedideseriptich ofthe exemplarynerabodinbud irefersttd then
various places throughout the specification are not necessarily all

referr iae@rﬁ;sanyi&% draimg S MPRIéNRI Yeferénde trifiibers! iR @i fféteAt dibitips i@alisy @ig.

structures or characteristics my be conbined in any suitable manner in one

or mor %arﬁ@’@ﬁ%ﬂﬁf‘&l%meﬂ&o?@éo% ﬁﬂb&g‘gods}n&é%gtdéé‘cﬁ#gﬁgﬁg hAtinkt R em

describ ove IS to I ncrease t enti ty However,

h | f. | i
g Nl e e M e AR

Accor di ngl It would al sq be desirable to support very h| bltrates I n
such cd ngambewnpysstaéﬁﬁlswssd fonstmplicitn avitiespesrd)to fhe tﬁ"ﬁ‘"ﬁl%h’m%
changes to the existing RLC protocol. 100291To provi de sone context for

t he f olstrostiwegpfdddnsgyistems. didyeaviendhe embedimentd to be discussed next are not limited to
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.



the sizing of RLC data bl ocks and associ ated signaling, consider the

exenpl ary radi ocommuni cation system as shown fromtwo different
perspectives in Figures 3 and 4, respectively. To increase the transm ssion
rate of the systens, and to provide additional diversity against fading on
the radi o channel s, nodem wi rel ess conmuni 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
speci f i[@29]y, Fi Jorprodds bumes cantdrader the fdllowingexdmaplarygnitwdimens setated to34 and
a user termnal (also referred to herein as "user equipnent” or "UE") 36

havi ng theriziag bERDEatblodi3%nd WsdR atedl sigAliR e dRsiaBOMEe ekan;ﬁ'hgw e3is
exenplary and is not intended to limt the actual nunber of antennas used

t th Y t i i-n. t-he.
rbod; fafeconthaibfion $gs0h & SO SoRftyd dfBelfherstcliles FEIPARY, 0

used herein. a enerjic,term .As w || appreci ated by.thqgse skilled in
the art %s%Fér%wteﬁ'éarL cIEREthe g’@?‘ﬁ?'és'% raég,gf@g aﬁ m §“‘? g%@ﬁlége aﬁé@”&ér r espond
to the base station, i.e., a pagse station is a possible inplenentation of

t he eNé&@Bﬁltymgm%@sims 98 thefagior B'madgrWisgleps eaBEnicHiongySieRsnses t han
the conventional base station since the eNodeB refers, in general, to a

| ogi calinahusdedrangteiversthat ussanaltisanteninani(ofies refemed tocasel MIMO systemsyi Vhe of a base
station, a NodeB, an eNodeB or other nodes specific for other

ar chi t enfltitaa®nnaAmeNogidiBribatedno thetrecaiedraide e GandnfiatBsdids sridasr provided
reception in one or several cells, as shown for exanple in Figure 4.

10030] ki Both Qidés 841¥h0%wn iA FRgife 31 Mdre Spucititall tl‘(’:lgux‘%m% ahs@8giGS user

term nal 36. The user term nal 36 uses det)j"l ted channels 40 to comruni cate

ith . 10 ANY i\ RLC PDL)
s accaPdRAO anbntkad ok usebkrhlrB B0 e Kb il ot et B G0Re 54
ot ShONE k8 WtnE PP SNG4, THE nigRper o anispRoBPUTdR FIGhR S SRR TR 42 iy

control nore than one_eNodeB 32. The RNCs 42 are connected to a Core

Net wor Rndiis not giendedie limitehe petvg) numbereicantennas used at the hasostatien 3yoratithe f or
transm ssion by an eNodeB 34 to a UE 36 (downlink) is shown in Figure 5.
Ther ei mserderminal 36he therexampiary embbdintents te e disBus3dd beloy. ,AddRigmatlksthe) to a
particul ar user is first processed by a packet data convergence protocol

( PDCP) teahi ‘ibaye $1&idn" isiedheidivead LodiRad edrin. A LwIIPBE agpiadidtd by HERE saRed and
ci phering of the data is performed. The radio Iink control” (RLC) entity 52

handl ey (@ERN Be DEE dréHikGire &;vark?g%dy@ @M&%ﬁ 8&9&5%43{6?}1% E of) the

data received fromthe P entity Into pro at a ) This

functi .of .the R .C i.s . of rticular, i.nterest ot pr esent

ool | ¢SRS 1end ok yfor 1S a BT pleiRaialiPh SF B NoBaB HRBER Fif e mLc
entity, rQvi des a retransm ssio rotocol (Al whi ch npnitors sequence
nunber é?%*fq?s i§ g‘ﬁ%?’c‘%"?’r‘ﬂﬁ?ﬁ“@ée%ﬁ thegonvegtionalbase stafign singe the ediode
selectively retransmt PDUs as requested. The nedi um access control (MAC)
ent i t yreers; in geaerpb et Ioigical nedey Fhe ke thdsedstatiain” ik used thevkin anigclasive ©€hedul er
56, as well as the hybrid-ARQ processes di scussed above. A physical (PHY)

| ayer badeistatiohSa Nadel3, anaNodeB ot othiengodesspedifi¢ fopdthed afthitedtiies.aAh@NddeB

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

to, an¢h 4FCEE $Psterh MAkdISs frarfissidiPind rectpfie® it ot ¥ri el il ds WR%h&n RGarers or

channel s as shown. The reverse of these processes are provided for the UE

36 as §Weiilpl?ﬁhfé%e 5 for the received data.

[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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100321The MAC entity 54 offers services to the RLC entity 52 in the form of
| ogi cal channels, as shown in Figure 5. These |ogical channels, e.g.,
control channels and traffic channels, can be defined based on the type of
information that they carry. For an exenplary LTE system such | ogi cal
channel s include, for exanple, a broadcast control channel (BCCH), a paging
control channel (PCCH), a dedicated control channel (DCCH), a nulticast
control channel ( a dedicated traffic channel (DTCH) and a multicast

MCCH) ,
traffic _chagnnel (Ml .. As tion riefly above, the FtLC protocol in
LTE caﬁ"ﬁ’é’gﬁg"é’&s é‘iﬁ"é@frﬁﬁlﬂw'gﬁge &%éﬂ?&r‘i&t:‘é‘ %F §W°1339%P°§MP@EE &89 units
(SDUs) into PDUs of appropriate size to be submtted to the MAC entity 54
for trdYpipeksGenirollersd 42ntAlthough nphghiovar assuehin Bigueseh itBilkbeze to the RLC
entity 52 for each transm ssion opportunity such that the RLC 52 can

segnentappreniatedehattcect RNCjiney cortyd m@Biisani one @NSdeB BRUThe  RNCs#2 gret hat
mat ches the TB size (which in turn is selected based on the channel

condi t icofsected tba AV NeBVGIRI4HOr N8B retransm ssi ons upon reception of a status
report containing negative acknow edgenents for one or nore PLC PDUs. Since

ZL‘SE calire 2%%5?%%*%?%%?}*@%%*i‘?%cte%ﬁ"?ﬁ Qi‘a{fiéfﬁ‘?ﬁi%%r{?yta#& needs
"ot raneRoUED o 1 b 8 1§ doBun ERnoh in BRET KGR dela TR Sirdifaby "uni cn

means that a previously created RLC PDU is split intg several smaller RLC
PDU seé%?ﬁ'%qe%éﬁc@-%dpweé@gjﬁémm&@i% up¢ids Hestpraoessed by @aneketdattber as t he
original RLC PDU and in addition a segnentation offset is used in the
header convesgasige Rratpgeb(PREGhemity 60 in whichahe IRhéadarspae (optibnally) comipeissead RLC
PDU that the RLC PDU segnment contains. 100331For one | ogical channel, a

si ngl e anévipBtiingfdhe dataicpérfsimed, The radio linkdentidl RLOY Ry Hah@Ks,PDUs can
be transmitted in the same TTI). This neans that a naxi mum of one RLC

SequenGeoRgBRRE tﬂiﬁ%@ﬂ%ﬁiﬁ%ﬁ% o eAndl 'conaféia\aﬁbﬁo?ﬁﬂgaaﬁ%f&wm% hapoth for

acknow edged node C(AMRLC) is chosen to be 10 bits Iong, Ichis
suffici . I | i I, ~Sequence
murber TR PG S8 k8 pRfot (SBURREEDOU 1Hl5 hlloa tpe REEAES of REBUGRFY e 1
of the.sequence nunber space can.be, outsjanding (i.e., transmtted but not
Vet acHTEU, e PR LARp bR R st discissed BunorciaihRElbwn dadionaindhe
Background section, if carrier aggregation is adopted in the manner

i |1 ust Rdileentitn SEipryidesa retransmissiqreproRsob@R @Y whithguonitorpsequergesimbieed ( or

at least 10 TBs per TTI if spatial multiplexing is used), which wll
exacer isttws repartsfems iith cburityrpaft RIAT) enttitg én therthie 86 $6 sdlédtively réQdfliTPDYs as

according to exenplary enbodi nents, the re-segnentation functionality
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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inthe RRC entity 52 is used to create and transmt RLC PDU segnents at the
time of the first (i.e., initial or original) transm ssion of that data by
ei ther an eNodeB 3401 a UE 36, to thereby enable the transm ssion of one
RLC PDU segnent per TB. This reduces the anpunt of consuned sequence
nunbers since all RLC PDU segnents which are transmtted in a given 171

w || have the sane sequence nunber. Mre specifically, according to these
exenpl ary enbodi nents, a nunber of RLC PDU segnments can be created (e.g.

all of the segnents having the sanme sequence nunber but different
segnentchinnets, odrf Isedefinad basell oprthotypt of infierniatiof thdt tlesysoatry s iIFonaw éxdntslagat a.

The segnentation offset value indicates the starting | ocation of each PDU

segnent_ T %Jaiem,auai 6eRalFdHanSQ SR8, foF BXantpé W brBadASoRtrBbcHahiadl 10 TBs are
transmitted in a TTlI, the RLC entity 52 at the transmtter would, for

exanpl mnﬁm , : j : er,
such t EF@%ﬁZﬁ &%‘QPP%GSOSQNEM S t@éﬁgﬁéﬁtﬁ&%%g@%&?@@g%qga&gy only
one sequencge,nu r~-5.,Used,.acc i.ng,to i enpl ary. enbodj.nent instead
of *10° SaTRE FRAMEE SInng et e dnarsl AT CEYERT » PR Ehnnel
transmtted using its own, different sequence nunber. 100351These concepts
associ AMIERY) tAs Bgutinved biicllypbayenths Rl GprotogebinleTE 6an heiusedde seamany and
conparing Figure 6(a), wherein concatenation as perforned by a conventi onal
RLC entcongaténgtedtighan layer sdrvice dataainds (3D Usiintodi DUs ofiapprepriaté size adeor di ng t o
an exenplary enbodinment is illustrated. Starting with Figure 6(a), a nunber

of hi ghabmiteyes tHoDMA Coéhtity &4 frmdsmiRsibdThy MACaARItASP inki¢atdithébhdses entity
52 to formthe data part of an RLC PDU 62. This RLC PDU 62 is then

transm ; f 2 i ' ich wa
S g% to%h& RLCOH1IBASS fdtfeadh i?élﬁh!fés%dr?]l‘; o@%nlygﬁlcpghd\}m QHDEEE% A S

generated based on a concatenation o appreci at ed
by tho I in,.t t t her ma e. geperate y
segmontr B PR B8 bl bt DL AR REE RS B FRk R PRIEEIEEY (s not
shown in Figure 6(a). EFach . RLGC PDU 62, 64 has.its i fferent sequence
unber SN dh BNl seleciedbased on the Sfanasbenprionss, ek 52 medagns o e
retransmtted, e.g., because the RLC entity associated with the

t r ansmiretfansRissIns BpPBKcentiopof 35tawsrepert eoniaiging neg@iveasknewigdgemeits for RLC PDU
64, then that RLC PDU 64 can be segnented into RLC PDU segnents 66 and 68
(i f needed) maradREGHMdp Sivice the mtiicecoaditiohe thay Thangedgeednsh€fimernd 68 have t he
sane SN, but a different segnent offset (SO value. Note that, for each RLC

PDU whit@Rsrhissibh ahd Sibsé fRne@tridsntissién SNEPDUL tHePdis alriskNBATRSPDU that ridedd er ent
sequence nunber i s needed and used. Thus two sequence nunbers are used to

transmgg pd F&’i’l%ﬁsﬂél‘gt?g gsgtgb' 2%'59 %é%%&ﬁbl@% §2 eﬁ%ﬁ’@t’h@% 'ogpéﬂaﬂgmﬁgi\%gﬁ'ml tEisgur e

6(b), the sane are shown as they can be processe

accord e, W exempl ary _enpodi ts. Therein, .the first group of
Sus. 6OMECERI 58 REart TR e BABSH O Brant dffcG Pravib iy preat FE) B g ron
70 and m sssﬁond group of SDUs 63 is concatenated to formthe data portion
of a sEBNiF sRitintsrRgverahsrapller RLC PDU segmeatssleach Rl PDIL segmenhgets thersame
exenpl ary enbodi nent, the RLC entity 52 directly forms a nunber of RLC PDU
segmentRd-G saquendegiumber as the originel BhCAHD$B inmdditon a spgmegtation offgét is heed
internediate step of first formng RLC PDUs as in Figure 6(a). The RLC PDU
S ;a ]9 mentsthéheaded of 2adhaRieC PDYJ sepirens mjndioate whictopart dftthe dtiginal RDC PDIJ wesnce

of f set

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
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val ues. These RLC PDU segnents 70 and 72 are then transmtted as the first
(original) transm ssion of this data, e.g., by an eNodeB 34 or UE 36. Thus
the sane data that was originally transmtted in the exanple of Figure 6(a)
usi ng two sequence nunbers, is originally transmtted using only one
sequence nunber in the exenplary enbodi nent of Figure 6(b) by using
segnentation offsets. As nentioned above, the technique shown in Figure
6(b) can be applied in the sane way for segnmentation as for concatenation,
e.g., Sﬁbjtti ng an SDU jnto nulti %Ie d]gta arts which are carried by

di f f er SHHICKENEY BoRg OAYRIdFEQUENsE nHEbehtalingdlaweNsereauensamEmbenialling Farer ent
segnent of fset values, for their original transm ssion. CGenerically,
segnentogewrdn selpetiveaersat ARQ protocelsssinesfanly half ebthe séqienge hembérspaes cagibei ng"
operations. 100371If an originally transmtted RLC PDU segnent according to
t hese exemidingy(i.entranimiged buti ot yeiceknedledged) acanstie. Mured et cds\nientiohsd
request retransm ssion of that segnent. For exanple, as shown in Figure

6(b) i fabb¥icinthEBEERre AR on! §F dafridrAgBlepfibrEisaafsed i the nidifef MaStHEd inTBY
transmt a NAK nessage back to the transmtter requesting retransm ssion of

the RLGiERU2SBENR0L TS el P11 FARGRE v UBAAITIALP 0 TR pLEL TSy LD

data part associ at ori gi nal ransm Segnen as two
new RLC PDY segnent s, havi,ng.,t he same SN as..was Qqri gi nal | sed to transmt
the RLEBEPIeSEE femedy e il Gerale B RERIb Y ol sedlsife adnbe sl 5o 2 s
shown in Figure 6(b). The nunber of RLC PDU segnents used to performthe
ret rand®934i on u§ACGordHigda exemplapy erabedipicnts, the se-segragntatipnsfungtianglityr adi o
channel at the tinme of retransm ssion. 100381According to another exenplary
enbodi nethe RLC lentty5atis usedrto Erepte anddfansmiteRie@ PEHE segnsdntsat FheimPOf dedfirent s

for the original transm ssion of data, an RLC PDU can first be forned by

t he RLG.&Ninitiaf obSrigiagly thamsinibdien aNdndatd by ditic ahRModeB 34l orReUE BaNBM t t ed.
This nmay be useful in order to, e.g., determne to which PDU segnents the

Sane S GRLEN EnaBINTRE fra@iSNIET o fIfE l‘él',@%lg B&amebn Y&t FBS reEh?JeF theldindupe RLC

PDU. The rmation of the RLC PDUs may be as a purely logical construct or

may be i call f re.not transm tted as shown
o i gl SOBR sfouEhEd fimBds Gt BT RTC PBU ARGl fr breptafR el 1 d.
segnment ed ipnto cqrresponding RLC PDU, se nts f.qQr origingl transm ssion. If
r et r angiedsh rvillhaye tgsgme;seayenge pumpes; f orcesaesitiallis arcondine o H9E v t h

respect to Figure 6(c). 100391To achieve a bit rate of I CGops, and to
pr ovi dexpmplnserabedimpatsi onurnber oARLC 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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menti oned above, and assuming that 1 TTlI corresponds to 1 nms, 125 Kbytes
need to be transmtted per TTlI according to this exenplary carrier
aggregati on enbodi ment. However, the current segnmentation offset values in
existing RLC entities 52 are 15 bits in size, which can therefore only

i ndicate values up to 32 Kbytes. One way to address this issue is to

i ncrease the size of the segnentation offset values from 15 bits to, e.g.
17 bits. However, it may be unattractive to increase the size of the
segnentation offset field in the RLC protocol. Accordingly, another way to
suppor tRLQG estity veshown, giithtRigura6s), wherbimudonomehativh agedriing3o ae edmplas
segnentation offset values is to create a nunber of RLC PDU segnents for
use i n entbedinéngiigidlustidied) Sthsinp GtHOFigGrR6la), B ndmber ofmi%hérq’ay%y SDUstdvare t he
segnentation offset needs to indicate values |arger than 32 Kbyte. For
exanpl i ; i 1 ] I 14 ter
can | oo dR ot oy 67 ShRICehif32 T Lrfing e phrtof B RIC YR b
segment§..c .10 4 separate RLC P of 32 each,.(i an
cxamp! dWERLRFDBRGH Gt 1BRSPLE =t e e ot VoD eige PRUFSY
corresponggnggRLC PDU segnents). An exapple of this enbodinent is

i |1 ust rEtelwas senegigdbased gm a cangatrati e §PUs 3. Abwill beappreciatedbym p and
q) associated with each of the four sequence nunbers may be the same or may
be di f fteeserskilledin the grty that atiter RLERDAIs10ax be gererited by segmeanging dargenr§DUEs ed. For
exanpl e, since the RLC PDU segnent header is slightly larger than the

nor mal ilb@iRipleRIzCIBDUs] slchough €9 progessienatshown iBiadid ®(a). Eavh RILCSPDONt | y

i ncrease signaling overhead. Thus, according to another exenplary

embod 82064 hid1B Ji, AR LASRBE AittRBer13K) ARidRADARLY LA A exBinpldIRLG T

e.g., when there is a perceived risk of ' ng. FOr exa

| ! r . the
L1 anemr a3y 63 5Rede BERTRATTER, Blrab e RYCConr B FRERR BB 1 Der -

e.g., redet erm N threshol d coul d be proyi t he

trans m%faBgPﬂWﬁ @ﬁ%&%ﬁe °rel;J<IlEs: ggﬁéﬁfecﬁléfﬁ‘fﬁ gﬁ&g@é@" ‘ﬁ’éggg%o%%@’ thspy
segnents for original transm ssions instead of RLC PDUs. For exanple, the

t hr eshéhadl RISy PRUAS caprbesggmeedinta BRE IR segmenss 66 andi68 £ peqded) are
outstanding, it would be triggered that RLC PDU segnents are used for

or i gi nahbsequentlyiretsansmittedAl Thersagmente 6§ and 68 havecthe kame SNg buttadifferentrber of SNs
are needed to transmt data in a particular TTl, e.g., if 4 SNs are needed,

then Riségriéd osfe@(80) valaouNdteraty s @acHRL.EFDO WHRHGs iabiém{tll ab Pat of the
particular, original transm ssion. This latter alternative could al so be

conbi N@gigiial RardshfissidN, §Bﬁ?§cﬁt'§ﬁ@%§9~% 1 berds ne@k@aﬁ’%eﬁ? 97 two g&#'le%ﬁge used

for original transmssion iIf n a predetermned nunber 0 are

needed r it P in a icular, ITI and if a predeterm ned
number ng&'i)g{%a?%?%]d}t(}qlrg%ﬁ@gs q#@[gr??%sn@qqse PRy space. Moreover, the
preseniqdi$ entioEpiE,not linmted to Fhese various alternatives for

determ ¥ when Legkiaginpwiat Figure, (b, ths sasne JPH51601and 93 eresshonmasithey qanc PpU
segnents, as other techniques may be used instead. Thus, according to this
exenpl &e prasassed imeacprdance with gheise exemplary embadiménts.oFfhegeinathe distagrony ofy RLC
PDUs during a first period of time and may later transmt original data

usi ng BDUsANUs senpatenated dol formothe data portibnpeftai first RECIADTE seginént 70ahd e it i s
determ ned that the likelihood of sequence stalling has increased above a

t hr esheécdnd 2tdip of SDU 67 isXeonchtdnafdIs forhfihe W8t poktic 'Y decOid RLEPDYat @ usi ng
RLC PDU segnents during a first period of tine and may |later transmt

origin Ul R { . I 1,00k, th 0w, fter it
s det s ;e bR ofbsindd Mg BRI FiRkRn Rl 521 o1

t hresh ue, 100411 ary b statiqn 32, e.g. eNodeB, which
recei vggg%iﬂopg‘ﬁg me ger %%@eﬁeﬁéﬁf’gs@sor&'f‘ﬂquQFmES\'tOB%tFFQﬁEWE%%ns i's
generically illustrated jn Figure 8. Thergin, the eNodeB 32 includes one or
Tor e afpERTaouEh the dntamasdisle sisP of fesk farpvn RLEPIVnat indrigwiei 6@y (5 RIL The
processor 74 is configured to analyze and process signals received over an
ai r i nPBYY segmentsy/Orand 73rhaxe thessame sequenoenumber buhdifferent gemienceraffset ved from
core network node (e.g., 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 funcildens, not shown, for perform ng various
operations as encodi ng, decodi ng, nodul ati on, denodul ati on, encryption,
scranbling, precoding, etc. nay optionally be inplenented not only as

el ectrical conponents but also in software or a conbination of these two

possibilities as woul d be appreciated by those skilled in the art to enable
the transceiver(s) 72 and processor(s) 74 to process uplink and downlink




100421Thus, a nethod for comrunicating in a network according to an

exenpl ary enbodi nent includes the steps illustrated in the flowhart of
Figure 9. Therein, a first plurality of service data units, SDUs, are sized
(e.g., segnented and/or concatenated) into a first plurality of radio link
control, RLC, protocol data unit, PDU, segnments for the initial

transm ssion of that data at step 90. Then, the first plurality of RLC PDU
segnents are transmtted at step 92. Simlarly, in Figure 10, another

met hod for comunicating in a network includes the step 100 of receiving a
first phluesal Theye BLCRINY segments 20 apd &2 arerthen trinsmitiedns hadisstyatiginalppy,
segnents as an initial transm ssion of data. 100431Based on the foregoing,
it wil tralismissigraofthis dateqe.gt,loysm eNoddeBl3dror lHLB6.dThesnths same dadahdtovasf | exi bl e
usage of resegnentation to, anong other things, address SN space issues. In

order bA mhil‘ﬁtrﬁr%ﬁﬁttétﬂn th@emweafmuw@(hheﬁng e@ Saquende MinTHErs §4 ons are
formatted as RLC PDUs or RLC PDU segnents, a resegnentation flag can be

provid tes how
o’ nt Sgrans Fﬁﬂ“ﬁ@%ﬁ%ﬁ*@%@é“&2@5?%’%%3@9%%%“@&9 i 6P Cen t he
reseg ntatﬁ@ﬂ field is s ﬁhls |lglca eﬁ t e.data uni.t is an
RLC PDO'EYILHRHPY USTRE sseipeniat ‘Jfffsf o AP JNeEtenRd BReveithe troRDIGHE BORT e ¢ he
corres ondln SO in Wien it is unset, the resegnentation flag
ndi cab e 6 cane @QLEE‘ &F%@%ﬁﬁﬁ@eémgn@ﬁan@ﬁ r cRBCaEnatiaRG-at i on i s
provi ded. 100441The above-described exenplary enmbodiments are intended to

be il | splitting av8DUnintd multipisdata parts-whick aret dasmied s diffent Ré.C BPUtsegmpniss ent
i nvention. For exanple, although the exenplary enbodi nents descri bed above

pr ovi dhavtisg theisamme SequeacemberebliNifferdntaepinepl sffseedalaes forahéis efiginar € used to
transmt RLC PD!l.) segments in each TI' [, it is also possible to use

r esegnMaRhgikaon. GEne?ichity, R8gmERBHGT AR oRBatbiRioR afe RiF&GTedNo'] émH? ®erefif40SS
multiple TTls, e.g., transmtting one RLC PDU segnment pef TFl with the same

SN but g HERE SRk

[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

-15-



Al'l such variations and nodifications are considered to be within the scope
and spirit of the present invention as defined by the followi ng clains. No
el enent, act, or instruction used in the description of the present
application should be construed as critical or essential to the invention
unl ess explicitly described as such. Also, as used herein, the article "a"
Is intended to include one or nore itenms. CLAIMS: 1. A nethod for .
comuni cating in a network conpri sing: sizing at | east one service
data unit, SDU, into a first plurality of radio link control, RLC, protocol

dat a unmay bemidfuldegrdentc efgardetdminentbtwidth PDBseginents die fimesRjcendt nhpdet one
SDU, and transmtting said first plurality of RLC PDU segnents. 2. The

net hod Kdlorgsahdsihce MRV VAludHhly Flféo He ﬁléim.fﬁéﬁ%at%rmftﬁégﬁg lfﬂ;)lﬁ%(ng

said at | east one service data unit, S into at | east one ra

DU,

cont Sl m ko, ik Rt b R et o s FRRRERH ABETROOAL, e

initial trgnrs%rll ercrii asssshgvr»]rn ?II Flsg%iedé(g)t. Irlls?éa‘n%} asoansellbgglLljlént step, the RLC PDUs are re-
segmented into corresponding RLC PDU segments for original transmission. If
retransmission is needed, it can be performed as described above with respect to Figure 6(c).
[0039) To achieve a bit rate of 1 Gbps, and to provide backward compatibility as
mentioned above, and assuming that 1 TTI corresponds to 1 ms, 125 Kbytes need to be
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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3. The method of claim1l or 2, further conprising: recei ving an

I ndication 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 PLC PDU segnments. 4. The nethod of claimany one of
clainms 1-3, further conprising: assigning only the sane sequence
nunber for use in originally transmtting said first plurality of RLC PDU
segnents during a transmission time interval, VT!, wherein each of said
first plurality of RLC PDU segnents al so includes a different segnent

of f set Figﬁ_h«ﬁ e. )é Other veiations as¢ conigmplateds Fog pxamplesince the RLKePDEGeBMERG ng:
assigning a plurality of different sequence nunbers for use in originally

t r ansniheadends slightly largertthasi the abimal RIEC RDU Reides ¢hmforegoing exentplaryt r ansni ssi on
time interval, TI!, wherein each of said first plurality of RLC PDU
segmentembotinedntswill ightinciease sipaslinpoRReticad) Thus,Aetatding ta afldthéer ent segnent

of fset val ue.
exemplary embodiment, the foregoing techniques may be used only some of the time, e.g.,
when there is a perceived risk of SN stalling. For example, the transmitter could determine
whether to use RLC PDU segments for original transmission based on the currently used SN
space for that transmitter, e.g., a predetermined SN usage threshold could be provided at the
transmitter which, when exceeded, could trigger the usage of RLC PDU segments for original
transmissions instead of RLC PDUs. For example, 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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6. The nmethod of any one of clains 1-3, further conprising: _ assi gni ng
only one sequence nunber for use in originally transmtting said first
plurality of RLC PDU segnents during a plurality of different transm ssion
time intervals, Ills, wherein each of said first plurality of RLC PDU
segnents which has a sane sequence number also includes a different segnent
of fset value. 7. The nethod of any one of clains 1-6, further conprising:
determ ning that a |ikelihood of sequence nunber stalling has dropped bel ow
a threshold value; sizing a second at |east one SDU into at | east one RLC
PDU f ortransmiticmigirtal data msiag iRL/C PBhidsegments duting o firstpetloddf limeahd aie Iater RLC
PDUs.

transmit original data using RLC PDUs during a second period of time, e.g., after it is

determined that the likelihood of sequence stalling has fallen below a threshold value.

[0041] An exemplary base station 32, e.g., an eNodeB, which receives or transmits

RLC PDU segments as original data transmissions is generically illustrated in Figure 8.

Therein, the eNodeB 32 includes one or more antennas 71 connected to processor(s) 74 via

transceiver(s) 73. The processor 74 is configured to analyze and process signals received

over an air interface via the antennas 71, as well as those signals received from core network

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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8. The nmethod of any one of clains 1-7 further conprising:

determ ning that a |ikelihood of sequence nunber stalling has exceeded a
certain threshold value; transmtting said first plurality of R SC PDU
segnents in response to said determining step. 9. The nmethod of any one of
claims 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 link control, RLC, protocol data unit, PDU, segnents

wi thout first sizing said at |east one SDU intq at |east one RLC PDU.

| O . Thaetworipgludes B ptep 00 reqenying a firs plyrplity oif wadia ligk conteal, RLGral ity of

RLC PDU segnents each include a resegnentation flag which is set to a val ue

of oneprotocol data unit, PDU, segments as an initial transmission of data.
[0043) Based on the foregoing, it will be apparent that these exemplary embodiments
provide for flexible usage of resegmentation to, among other things, address SN space issues.
In order for the receiver to recognize whether incoming transmissions are formatted as RLC
PDUs or RLC PDU segments, a resegmentation flag can be provided in the header
information. The resegmentation flag indicates how to interpret the header bits that are
provided after the 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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11. A communi cati ons node conpri si ng: a processor adapted to size at

| east one service data unit, SDU, into a first plurality of radio linlc
control, RLC, protocol data unit, PDU, segnments for the initial

transm ssion of said at |east one SDU, a transceiver, connected to
sai d processor, adapted to transmt said first plurality of RLC PDU
segnents; and a nenory device, connected to said processor, adapted
to store said first plurality of RLC PDU segnents, 12. The communi cati ons
node of claim 11, wherein said processor is further configured to size said
at | easCLAIMService data unit, SDU, into at |east one radio link control,
RLC, protocol data unit, PDU, and to re-segnent each of the at | east one
RLC PDUs into said first plurality of RLC PDU segnents for the initial
transm ssion of said at |east one SDU. 13. The conmuni cati ons node of
claims {1 or ce i rther adapted to receive an

i ndi catl on tAhﬁeuz‘a (Egés mgﬁié:gt"?éfs?‘al %ﬁ?’r“s‘??épﬁ?ﬁ}"&r. ty of RLC PDU segnents
needs to be retransmtted; re said transcejver is further adapted
to retransm'stl 'Q% e%ﬁtopee%f‘é'i"cﬁﬁ%taé‘P“ g‘SH meaf rSéIPEH'élFW raghio liplecqmtygl,

segment s, he conmuni cations node of any one of clains 11-13 wherein
sai d pr%’e@s@'@?‘)cf’lsdaﬁ%mlh EDgagments far thesitipl transmissine of said asleapt ene 8Dy nber
for use in originally transmtting said first plurality of RLC PDU segnents
during andtransmi ssion tinme interval, TT1, wherein each of said first
plurality of RLC PDU segnments al so includes a different segnment offset

val ue. 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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15. The communi cati ons 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 transmssion tinme interval, TTl, wherein each of said
first plurality of RLC PDU segnents which has a sane sequence nunber al so
includes a different segnent offset val ue. 16. The communi cati ons node of
any one of clainms 11-13, wherein said processor is further adapted to
assign only one sequence nunber for use in originally transmtting said
first pluraRssigningonly thespmeseguanae sumber foguse lplqmgml%'yra@ﬁmmmg gaid first

transm ssion tinme intervals, TTls, wherein each of said first plurality of
RLC PDplusagyefiRECRDU Isegraents demkmgea traupngissien timebhrteral ST wherethesachofli f f er ent
segnent offset value. 17. The communi cati ons node of any one of clains

11- 16, sail €irgtipturality f RLCCPBBegingnts Wlsolifdludsdandi fforehOsepaicat oifset valaat a
| i kel i hood of sequence nunber stalling has dropped bel ow a threshold val ue

and to then size a second at | east one SDU into at | east one RLC PDU for
initial transm ssion; and wherein said transceiver is further adapted to

transm.t sakgd at .l east one P 8, The communi cations node of any one
of cl zTIS‘m; 1%&7’,“%3@?@%ogﬁﬁgﬁﬁééséphf%cq’w{% adapted to determ ne
that a likelihood of seguepce.nunber stalling has exceeded a certain

e eshol v AP g B AAUCRES RATRHSPS fof §, M 613 b reaSt e
segnents in response to said deternmnation. 19. The comuni cations node of
any on@8aidfirs plurality of R4CHPDY. segmenys during a éransmission dignsointeireal § TIFk, whereidapt ed
to directly size said at | east one service data unit, SDU, into said first

pl ur al edch affsaidditstplirality of RILC PDU Sigmenpy whioh hhs 8l sdme ssquéncelfuthbes glgoent s
W thout first sizing said at |least one SDU into at | east one RLC PDU.

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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20. The communi 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 conmunicati ons node of any one of clains
11- 20 wherein said communi cations node is a user equipnment. 22. The
comuni cati ons node of any one of clains 11-20 wherein said conmunications
node is a base station. 23. A nethod for comunicating in a network

conpri si ng: receiving a first plurality of radio Iink control, RLC
protocol data unit, PDU, segnents as an initial transm ssion of data. 24.
The me8hod Ghe edettiod 6f2iny forie bhelaingOI P finsher@omprising: transnmitting an

i ndication that at |east one of said plurality of RLC PDU segnents needs to

be r et r ansmdefeRflinii Wat a likelihood of sequence number stalling has exceeded a certain
threshold value;

transmitting said first plurality of RLC PDU segments in response to said determining

step.
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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receiving a retransm ssion of said at | east one of said plurality of RLC
PDU segnents. 25. The nethod of claim23 or 24, further conprising:
receiving only the same sequence nunber in each of said plurality of RLC
PDU segnents during a transmssion tinme interval, TT1l, wherein each of said
RLC PDU segnents al so includes a different segnent offset val ue. 26. The
nmet hod of claim 23 or 24, further conpri sing: receiving a plurality
of different sequence nunbers in said plurality of RLC PD'.) segnents
during a transmission tinme interval, T1'1l, wherein each of said RLC PDU
segnents which has a sane sequence nunber also includes a different segnent
of fset value. 27. The method of claim 23 or 24, further conprising:
recei vildg ordhg commupisgienscodewiislaimild, whenginsaid priocessonis fmitler ebnfiguredtnent s
during a plurality of different transmssion tine intervals, 7Tls, wherein
each okize aaid aRlest lBnb)sare pewiatasunid) SDILJ, liwite atleastrone $adio ¢ink @ontwslPRLCAl so
I ncl udes a different segnent offset val ue.

protocol data unit, PDU, and to re-segment 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.

13.  The communications node of claims 11 or 12, wherein said processor is further
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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28. The nethod of any one of clains 23-27 wherein said first plurality of
RLC PDU segnents each include a resegnentation flag which is set to a val ue
of one. 29. A communi cations node conpri sing: a transcei ver 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
therewith; a nenory device adapted to store said first plurality of RLC PDU
segnents; and a processor, connected to said transceiver and said
menory devi ce, adapted to repackage said RLC PDU segnents into output data.
30. Thel& onmiTie comtmunisativns eodd oftdngiome 39 claishe Bil B, widreinaidqas&desoriis f urt her
adapted to determne that at |east one of said plurality of RLC PDU f ]
segnent aads t ' ; W EY ) [ [ urther
gent fartheedapte® tOSsTgAldnlNERY dehfslice ANAMLUNRE ﬁé@m%ﬁ%g@néslgiqgﬁg@h}{g%g%ﬁOne iy

adapted to transmt a request for retransmssion o

sai d pl ghabillaYinPbt EE PRV bebntdn @ Hilting a plurality of different transmission time

intervals, TTIs, wherein each of said first plurality of RLC PDU segments which has a same

sequence number also includes a different segment offset value.

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.

-24-



31, The comuni cations node of clains 29 or 30 wherein said transceiver is
further adapted to receive RLC PDU segnents having only the sane sequence
nunber for said data. during a transmssion tine interval, TTl, wherein
each of said RIf HAI segnents also includes a different sepient offset

val ue. 32. The comuni cati ons node of clains 29 or 30, wherein said
transceiver is further adapted to receive RLC PDU s' gnents having a
plurality of different sequence nunbers for said data during a transm ssion
time ipnterval, TTI, wherein each of sajd RLC PDIJ segnments which has a sane
sequené® nuhBesommupications nede ohary ereieinims ddnkds tvhereir said fisst phuralisy of he
communi cati ons node of clainms 29 or 30, wherein said transceiver further
adapt eBLCPDU segmentseachpmiludeg msegmentatiomagowhich asiset sea valoe of onerber f or

said data during a plurality of different transm ssion Mne intervals, TEN,
wherein each of said RI X PDU segnents which has a sane sequence nunber al so
includes a different segnent offset value. $4. The comuni cati ons node of

one of 3¢l ai TRe éftnmtinicifiistole SRR drie" Sticldin¥NALI0 Wh&kin said communications

node is a user equipment.

22.  The communications node of any one of claims 11-20 wherein said communications

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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RLC PDU segnents each include a resegnentation flag which is set to one.

26.  The method of claim 23 or 24, further comprising:
receiving a plurality of different sequence numbers in said plurality of RLC PDU
segments 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.

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.

32. 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.

33. 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.

34.  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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