NETWORK CODED DATACOMMUNI CATI ON TECHNI CAL FI ELD The
present invention generally relates to data

W@ eowmuziocat i on i n a conmuni cati on system and PET/SE2008/050413
particular to network codedl data conmuni cation .
BACKGROUND A nain striving force in the devel opnent of
wi rel ess Nidl'PVORKAS DATRAo OMMITRE GATTION
systens is to provide, apart from nmany other aspects,
i ncreased coverage or support of higher data rate, or

a conbi nati on of both aspect of

bui | di ng and mai nt ai n| n éﬁm?ﬁt‘gﬁﬁf;? been of great
ThEPREESAGE RNENtRILXPEGE Ry Orel?ﬁfe%”etoeV&&‘ta”Dé&nﬁ%hféatlon in a

the future. Until recently”the main topol ogy of

canpegkativammsistani omrgy stienspadicblesn fai meywork coded data
chan i ncluding the three existing generations of
CO(,I%W %Ia%f?& wor ks. The topol ogy of existing wireless
conmuni cation systens is characterized by the cellular
architecture with the fixed radi o base stations and
the nobile stations as BReCHGROLANEN tting and
rece|V|n entities in the networks typically involved
Aj ANAIE o FHRIVI Rt BRC sdBsi K. eReclapindty i ok rbiisdess and  cellular

cdfﬁﬁjnﬁii@'a‘(i%hs Fﬂe §|{ > A I‘(%S}/ét%kﬁé’ b 09698 REGL T d m}?éfltteﬂom many other

syste suc anfenna syst €
aspEoper mGreas&jf sbeargelor sugpory of yEgher idata rate, or a combination

ofgtly MidBEr. Hie chet Sybrddel DabiE PR BIAIFErdag | he system has
bedrt Bt Qéﬂ@:%% PEhRLKCE! %W%Sexﬁa(%edbﬁ?%eﬂo%é Q¥en more so in the

anothet relay or a user ter A cooperative
futetayUngil sysenblyi eamedha'gomgogyslfemmkeasecammunicaﬁon systems

he|&Sm‘or rragil o]ﬂ sent .to agiul nthHaed d t| %gg jsilcngt generations of

ce@l%ﬁéf RRIVORKkS E@ﬁ'@ 1PN EoF B SQNThS twﬂElé&B%&hnﬁ@ﬁﬁaﬂon systems
s utilizing the relay nodes. In addition, the

is dé araeieriged ribeeiogulae atichéctergnwitlf ribve tihed radio base
st38h&®and the mobile stations as the only transmitting and receiving

entities in the networks typically involved in a communication session.

One way to introduce macro-diversity is to use relaying or distributed
systems, such as distributed antenna systems or cooperative systems. A
relaying system is a conventional radio network that is complemented with
relay nodes. The relay nodes communicate wirelessly with other network
elements, e.g. base station, another relay or a user terminal. A cooperative
relaying system is a relaying system where the information sent to an
intended destination is conveyed through various routes and combined at
the destination. Each route can consist of one or more hops utilizing the
relay nodes. In addition, the destination may receive the direct signal from

the source.

The present-day communication networks, mentioned above, share the same

fundamental principle of operation: the information or packet sent from one



The present-day conmuni cation networks, nentioned

above, share the sane fundanental principle of
wo@p@pazdoon: the informati on or packet sent fr oPCT/SE2008/050413

onesource to a destination2s transported

i nde ende from.other infornmatjon sent from another
SRR Raltsinaife 1deanaReT G MsAter S thuoa aHBcpmormation

st %nSéHBJLHeIf QoWeEd dohehdag a0 dkBfn ﬁ%h' nﬂBh@ﬁE‘s | Rpeaters or
contrast to those conmunication networks, netwo

redayi rgjmplyafomvamt dheotdatat twritiengleahighiaditra In contrast to those
CiBIRRICATs HorSOERE nRERTRIG o0 49 2 S ABBASegSvorking and

ddta PahirhGWiédtioNeiMOfki@eHAa & eusijiat&ddnshe R eﬁetwork to
to reconbi ne several input packets into one or several

ingItqyet ﬂ;@au@nsut Adelale ared woblastoess glmquhgtisoar | nn@mrk coding

ng cou rformed on.t.he packe sen
AR MRS SRR oL TeaRiing AR pBLEnEateds mto one or
seveeklebugan péckét%adﬁaﬁieeﬂeif\%rlﬂb&ﬁﬁfgeﬁbdé @onié Gitledr coding could
Si mJI taneously instead of transmtting each packet

be; safoanesd, onwthe aeerlors 1pEsend ot oo8¥ezkageding node, and the
regglgtylgo%}lﬁédg Cﬁa?c%?ett tk%‘nus?geb(} ?égn&dt ﬁ) d'(ﬁﬁreféht recipients
conneetion WI communi catron sy I'zing

siauiloamedgslyapsadad ef teaisrhabds el packet separately.
schedul i ng and forwardi ng. The network coding is based
on the capability of receiving nodes to overhear data

3
ngt?mecel Vi ngwgdgwgz?ln orrm ion ?ﬁ(ﬁﬁ%é%i’) disclose the

usager ldamdtdatrk icodaent irt ocanmedtiont kwitddi agcontaunidetion system
vvork od| n node uses the inf rnaél on wh

QGHB8: FHEP PRI A R Hareuest GAROTAME/ By HBlulpR scheduling and
| |
foﬁ"@%%dr?%gﬁ Theletvonel Ol 16 P4REA o BGEQaHABiTN 6P réiving nodes

toabwrbene rdatanb‘dtrxskmmﬁmnss fxmmvd dendimg murdsy ementlestined for other

ref SNEVE PO e 211 SHorAUGh RLdc: O HFPR I HpRoveit 2 network
codl d‘eatTlQé‘ riéﬂw%@ﬁ”@&hhgnnéﬂ\ﬁé R MRS nfeRdhdi@on when selecting

SUVMMARY The present invention overcones these and
thetdade packwiactos comhine Iyr netwark coding and when deciding to which

receiving nodes such a combined data packet should be sent.

The above-mentioned documents provide an improvement to data
communication in ARQ-based and multihop networks. However, there is still
a need to further improve data communication in connection with network

coding.

SUMMARY
The present invention overcomes these and other drawbacks of the prior art

arrangements.

It is a general object of the present invention to provide a network coding

based data communication.



arrangenents . It is a general object of the present
invention to provide a network codi ng based data
weewanmiocat i on. It i s anot her object of the i nvRCI/BERN08/a50413
provi de an efficient data communication in a
communi cati on system These and ot her objects are net
by the invention as defined by the acconpanyi ng patent
recligl %otﬁre!refdtl}jecﬁ h&f PEGSeRhyiREAT 11BN n}:)fb\(f?%g eSiflatflicient data
conmuni cation rn a conmuni cation syste and in
cqantuichsionsinch cahmuwoicationesitstom. i nvol vi ng net wor k
codi ng of data. The conmmuni cati on system of the
i nvention conprises N nultiple source nodes, such as
THSR' 481 MhARs ’oﬂgéé’ﬂsngn‘éa_trﬁe@% | fAgd {Qenfiodesd r@écfiﬁ’é'ﬁ by the
node, such as a base station or anot her network node
aqggompenyiognpaiccdtdlaimsyst em The i nvention invol ves
sel ecting a subset of these N source nodes and
utilizing the data of the carefully sel ected source
BAeEes itRet NErdd@intor ne@idid: iASoReSONGSEIENEANNANGCAUBNn in a
of mul tipl e source nodes is selected anong the N
cospurricatides . syRienheramd e int Ipartioudder sNchs @gjigal communication

or. larger.than twq. but s .spaller than the. nunber TV .

infRude? ServaRk  cEduaY cof ot dliie cc ROMURIFHIGN sistem of the

invegadnbyotpgé@y Nod@udfipld&sRHrBEURLERs] WUuEY SdALMé& terminals,
f orm conmbi ned, network coded data. This coded data is

havieg dakhgiastingd gort aedeslingtinndaodenaruydl tare a base station or
alﬂjetﬁ'éir gzl%'ilknr?g&e o\f‘hc reeC(gli%(eﬁgﬁ:nn tgofcrf #&éﬁeﬁﬁgiﬁt invention involves

pur pose sour ce node S

selevtaiy i0Rubseprd eiedd yvpebhiecdrathbdias aadomtilegpectievdata of the
communi cation quality ci)ar aneters associated with the N

cagpiirlbe salsgtad sAUsFemadasdin bR RUNAN eodingh Aual Feysequence, a
grplaﬁagpt]\?tr \Anljélzlrt]ﬁ?g ddulteaHBLEL Xs fs%ﬁ%c%gﬁegﬁlwtlﬁl%gﬁéo dource nodes.

ks be € source nodes an

Fuanténmnotdetigisshunabéon/nesdequAl poedeldger than two but is smaller
i npl ementation perforns the source node sel ection
thgps éhe oRUHPRGI Yat il sRta Bosn HYie dsilerteryd/t uwiticgnnodes are

neltﬂfoﬁdcgoae&aﬁﬁ' at I}gla{}Pr]ﬁ(Sél@ "of the communication system to form
combined, network coded data. This coded data is then transmitted by the

relay node towards the destination node, where decoding occurs.

The purposeful source node selection of the present invention is preferably
performed based on respective communication quality parameters associated
with the N source nodes. A preferred such communication quality
parameter is the link quality for the communication links between the

source nodes and the relay node and/or the destination node.

A preferred implementation performs the source node selection based on
optimization of a cost or objective function. In such a case, the function
input can be communication quality parameters and the set of source nodes
that optimizes the objective function is selected. Information of the selected

source nodes is employed by the relay node for providing the correct data



i nput can be communi cation quality paranmeters and the
set of source nodes that optim zes the objective
wo eovetizeom i s sel ected. Information of the sel eRCESE2008/050413
source nodes is enployed by the relay node for
providing the correct dataand network encode it into
andheradwroiknenicatdt dt dest the dombirtdre ddés tdasiriash foodlee destination
The invention also relates to a network codi ng contr ol
tem conprising an identifier provider for providing
identifiers of the TV nultiple source nodes. A source

sel ector of the control systemsel ects the group of M
The inwntioy edsanplges e aNngbdesk codéng cabliyol yséemopomiprising an

. N né cation,.quality..para ers, and re

ids Rk SPY U doi Ty B e B TS R G erapce nodes. A

sduteetdeddctofrofl tedtcohitrs] §pitwed deleces thikegfAnd @l 1 source nodes
system forwards the identifiers of the selected group

argpng thisu Mc a1aslase Preferahdy hasgd oodd laashdY kKompehication quality
Sj h t i dentifj.ers, .data.fromgt .
PAADETerd Y8 1hOF SEERFRERY A bR HE Tyl ALIP B dIE objective

fuhcaioamAn edertefiehfordestienalithe deedeo]l shiseepufarasetislthe identifiers
sel ection of source nodes of the present jnvention in

of dbenedlerisl &rawp mét Korkowisgi Rgdandodtia rebniiprganebrprk, which
codled" 'Jéglﬁ%%y aé{ég{e?i’ g HH&aﬁﬁé{se nétiétrér Mﬁpt'{f%ee% RELLEL nodes to

expl ol atli ons and varirations 1 n

fornmminiorhtdoaiedgdata to bs tfaxismitted itd ke elestin@atiotenodees
in the conmunication system Furthernore, the outage
probability of the communi cati on system becones

THeE sehiier &h¥cgbh 6ok ¥&hved aﬂﬁﬁé@ {)jlo ﬁlengggreesep{t invention in
ef fici'ent data communi cati on. er advantages offere
cooyettienprelbntndtimosht i anling | larte dpiar ecomhednigadion significantly
._readi ng,,of the bel ow degcription, of the ephodi ts of,
iR it | BV BT RO PTPONbEH T X BRIMRGE Upations and
varfAYRMs #NHO8sENINdthord ﬁhtaﬁ%irdesggi* %ﬁﬁ HiABEANANRYE es in the

thereof, may best be understoo y making reference to
cotthauindt¢dtoom ngsysesier. i pfuciieraicen, t dhet heutagiet hproleability of the

N T
effG68f ¥ communication.

Other advantages offered by the present invention will be appreciated upon

reading of the below description of the embodiments of the invention.

SHORT DESCRIPTION OF THE DRAWINGS
The invention together with further objects and advantages thereof, may best
be understood by making reference to the following description taken

together with the accompanying drawings, in which:

Fig. 1 is a flow diagram illustrating a data communication method according

to an embodiment of the present invention;



to an enbodi ment of the present invention;Flg. 2 is a

flow diagramillustrating an additional step of the
wal2aa0a/1zomuni cati on nethod of Fig. 1; Fig. 3 iBCHSEI008050413

diagramillustrating an additi onal step of the data

communi cation nethod of Fig. 2 ; Fig. 4is a flow
Figi agr dfn @ 11wy diagrgran buboarimentarof addiontle sippupl the data
cotfihffilic-A80R L8R 5%?1%11-' nmore detail; Fig. 51is a

schenmat ¢ overview o portion of a conmunication
system in which the present invention can be

i nmplenmented; Fi gls 6A tg_ 6C schematically illustrate
Figsage 19f & i1}V q(iagramas ifnsirrbing: arenededinRali cheponl the data

cdhiHitiBG68hIhBdPoflFid Fent enbodi ments of the
invention; Fig. 'S schematic overview of a portion

of anot her communi cation system in which the present

dnyentign can be inplenmented; Fig. .8 is a.schematic .
Fig{ $dR Ghagiding GRS eBTREOLBRERbP! DR feRF gfoup selecting
St%g%@@qg'ngiﬁqngfé gogdi ment of the present invention;

g. 9°is a schematic block diagramof a relay node

according to an enbodi nent of the present invention;

Fig. .10 is a schematic bl ock diagramof a relay node .
Fige 8 Sin GO RO RS ABFT B0t AeRPTRPH (e fruBBHiiication system, in
whithetHd SFssedlnteitiod kahSh@isphaiBhtdd; bl ock di agram of

a destination node according to an enbodi nent of the

present invention. DETAILED DESCRI PTI ON Thr oughout the

FigE oo S onaE L MR BsBEt Fmik rudRyes Hom aferent
confrvRitit Mol et torigh @t 6 slifferedd leanisoimbeth&ad R ineAtion;

conmuni cati on systemor network, and in particul ar
such comuni cation invol ving network codi ng. Network

.codi.ng. i ' t .' i .
Figof B, Sl RGR. R IRAAER 4 Pl SR ARGE DU Rriop svstem.
in tleichethaopireseBy ihvésticlatcancioerinpidrnentet; a net wor k

node and the follow ng transm ssion of

Fig. 8 is a schematic block diagram of a network coding control system

according to an embodiment of the present invention;

Fig. 9 is a schematic block diagram of a relay node according to an

embodiment of the present invention;

Fig. 10 is a schematic block diagram of a relay node according to another

embodiment of the present invention; and

Fig. 11 is a schematic block diagram of a destination node according to an

embodiment of the present invention.

DETAILED DESCRIPTION
Throughout the drawings, the same reference characters will be used for

corresponding or similar elements.



the resulting conbi ned data, throughput, delay and
r obust ness of the communication system can be
wo pgeozed Traditi onal network coding is appl i BGI/SE2088/050413
situation involving two transm tting nodes forwarding
data to a network encodi ng node that perforns the
conbi nation of the received data. The network coded
@t rége thelgygﬁk e§ r%&‘l o dr%f%ﬂggl tt' Ca&?f}taorcomn}umga’gon in a

r oadcas 0O one or nore

cdranainicagionosesteni e peewerit, andeit lpm—tllcm@d gakch communication
contrast is directed_towards a selective and
inyohpBE argivogk finsing. Blelwrek Gosiagils @ RgWHsqeRigye that in essence
1n98ﬂ2‘%§§1[)ir9ﬁ57 WbH o%aﬁff@rrelﬁ GO Ma 1&1' FoWE 0T HMRlint (iR network. By
transmtting s are ynam ca gr oupe toget ther
tHisordata chﬁsbmzitdmntetteadadstavcrm wodlg amdilth@ fo]]mvssngytrramsunssmn of

ol T el R R o eSS e ey e opgbtSthess of the
coqﬁﬁﬁml%ﬁhbi/l @g@@érﬁ the qu%%eun fe{alﬁ%n%@t heBboM&Ycoding is

adapted to the current conditions. Is wll further
applipd o @aﬁﬁhgtmmpmoévmt\wirmmwtm@ mogtesafogwarding data to a

ne?t%g)g‘%i %&%ﬁ%ﬁ%gﬁﬁé% Rﬁ % ct;c? %Intgerﬁggllflrﬁnfh al received data.
THE @@k |dodstr @kt s %Heﬁ%@@z‘a?ﬁ@&l gfichhgs $atikticast or broadcast,
conmmuni cati on method of the present invention. This

byc Bmaaiwerk owdeeiohoae ios rhapt antemidell kedetviag nodes.

conmuni cati on systemor network conprising N nmultiple

source or transmtting nodes. These N nodes each has
THEpes@s! imrttiad ia SRSk ARitrast 8§ Jdifs@bdi REvARELal Selective and

the system Thus, all of these source nodes contain
pPuraoseiHagraapgelithenweasnatingnseses ti eorenection with network

cof3E, 944 SRPBRIC LAY I LIS SR LEALL oD UShEMETIE, eroupea

togétHegast fo&ng BobgRsief fol thiel datel RetoOIlc @oldnUe sTiols (ﬂjﬂ@aﬁhc grouping
nodes transmt their respectivedestination-intended
talggs pdvendage| oyllneteatiens mad shnmgesaty Hac gpshiemonglitigns of the

o sy AT I PabB00BGRAE 1n an optimal way

adequied €ondrbectumwart dsoraditiontse Midd volidlsfumber significastly improve the

f orwar.di ng.can be a direct tranfs 'ﬁsi on of the data
SYBIIH ¢ h{@u@pé% AB dneea¢ify even further as compared to a traditional

fixed-grouping network coding.

Fig. 1 is a flow diagram illustrating an embodiment of the data
communication method of the present invention. This communication
method is implementable in a communication system or network comprising
N multiple source or transmitting nodes. These N nodes each has data
destined for a destination or receiving node in the system. Thus, all of these
source nodes contain data that they would need to transmit to the

destination node through the communication system:.

The method starts in the optional step S1, where data from at least a group

of M multiple source nodes of the N nodes transmit their respective



t he destination node or a transm ssion involving
multiple hops, i.e. at least one further relay node,

WO poovhzsory ansmi ssi on path fromthe rel ay node POI/SER908/050413
destination node. According to the present invention,

a next step S2 selects a group of Mnultiple source )
deiraliondntendrd Nasa be ceraieiods af the sopupaeqtian system. This

oy SR, URIEDLE QURIBEL A MR ARG Lyt that forwarcs
ddteastcdived siruncea redase mbds s@vesid em ahtaidgql Skstmation. This

not a random sel ection but a purposeful and dynam )
foswpg lﬂgoﬁal@% ajddrest drapgplsioay @ﬁmﬁeaakﬁa r@anéheorﬁiasapg node to

A A a0 O P RIDATERRA Bt SUBH 1OTE. i at least
onel émtthey i retpya rodles éh tife tirmosenNsimd gmthhbnalthe cetayainede to the
d%gta to be transmtted to one and the sane destination
HEtiomodet ay node network encodes, in step S3, data
fromthe selected group of M source nodes to form
conbi ned or network coded data. As a consequence, the
Agrosdng dbethé qresénttiopesSodec desciwbiap &2t aclasts a group of M

mRdale Santenatas afod? 1BF, N7 s BRdeSoim AR case Yk < v in
othkl ¥edrRt 8duBksel T tHee W Qétirte b @S & §&8Hdcted in step S2 to form a
International patent applications. They discl ose that

Mt Wwdgagroup of aneast fwo sharé¢omnodes. Hbiswelectiodi aigstep S2 is not a
based o at ,data nul tiple destibnation or receivi

rofBR8 Rl 85 dledt SERL BRI e i uhal do prferably

peefiingéd Bl oyvebheast Motd dopdfithitAfoAaNgUAtitPfpdahdeters as is

that has to be transmtted through the system-and

furtharedgserabed deicin aStep Ry Rpereione iaseles Tidensifghea subset of

b0t bReL SRehen Ap eLiennpl e, d U ANgYta | BOLSES0 the same

echni can pe used separa om or as

destitpitRyrenbdeo the prior art solution. Thus, the
dynam c sel ection of source node subset of the

invention allows exploitations in differing quality

IRALAATS R FREEE SR WHE S A BB Al ccted grop o
Mdysanree nadeeseltectfoom combined or network coded data. As a
consequence, the group selection of step S2 decides what data to combine in
the relay-based network coding. This is in clear contrast to prior art
techniques, such as illustrated by the previously three cited International
patent applications. They disclose that the data to combine in the form of
network coding is based on what data multiple destination or receiving
nodes have already received. The documents therefore exploit data
overhearing to reduce the amount of data that has to be transmitted through
the system and thereby can obtain a throughput increase. The present
invention teaches an alternative throughput increasing technique that can
be used separate from or as a complement to the prior art solution. Thus,

the dynamic selection of source node subset of the invention allows

exploitations in differing quality parameters for the N source nodes to



The data network codi ng of step S3 can be perforned

according to so-called digital network coding or
wa@e@bogpomet wor K codi ng. Anal og networ k codi ng PEF/BER08/a50413

data coding at the signal I&®vel. This neans that

anal og networ k codln% | ets the anal og signals add up

thereBygirksi advaarasu T tyuels Hegiushions aad shangesi Wgthe dynamic

[w@ s interfere with each other intentionally.
o tﬁéjte%g%(k:lodl ng, i.e. signal addition, occurring at

the relay node, then based on the relay type different

proaches a possi b e, such as_decode and for
Tlﬁ éﬁaaa r%F'&&’é’r[ie(iﬁd;HgaQ % e@né o%eéb@@sp@ QUIYPgRC mﬁmﬁ to so-called

li
Hphel e 2oy £ 546 ! Mo con
refdrs tcecrba,taedodmgwaksthe B[grsﬁﬂolretv;el aﬁhmwahe@nsldﬂmmmlalog network
di schene consj st .qf t smi ssj,on sl ot
R BE Analpd cigaals ad whd Db udhr tilsiBeSus Fansmissions,

i.é.fﬁjﬂ%’ct&n sakw %E% 1418 SAEEfePARGithDEAEH %th'@:% ﬁﬁéﬁﬁ@naﬂy With the
slot, therela ode forwards the interfering signals

qu@ngheedésgmaiaaddrmmdeccmmngf&tr g1e rhkayt nade- thénjlkased on the
ner at ed

et ween nunber o ransm ssi o he g
refiit 4FPE, 5O R B beS i 2D fHe  Biehngs PP hd forward
(rélag ABdE ed@hddifat@@dhid Akcbies RBAeKSignagvishor MBaRéRecoding and
that the network coding node will perform an encodi ng

repinsinission) of anmelilyatndpaswerd (thee splaydnedemirdy gmplifies and

RGHRSE BERP5 A, SLAah 46215, IS ATOBEFR Mt scheme

mdymdmlsﬂ@ﬂ\m&f teadngissh keoteerHaritgd tmetﬁﬂrsieﬁmiee slot the M
and forward relays. Digital network codi ng generall

SOPRPe 145 Sa S 1 PBNHe Bamip bAch DBl 1 seesnd slot, the
reﬁgfloﬂz‘%ﬁ t‘?&%!;ﬁ {§00S AUEREY Qia%ialé' LIRS ﬁe%‘ﬁﬂd’c%n node.
enes typically require noret sm ssion slo an
Theratfcrg, néeworddecz offi 13y Hetweehi viee muindreradi anandimissions and the
duri ng theééirst slot, i.e. first phase, one of the
ge%ﬁ???éi%@ I'¢REhsmts its data packet. In a second
slot, a second source node transnmits its packet to the
relay node and so on until all M nodes have sent their

Inddtar paokets, digitalngetwerkexding mefephasecoding aethwempacket level,
meamngg that the network coding node will perform an encoding on the bits
of the data packets received from the M source nodes. In order to do so, the
network coding node needs to possess decoding capabilities, hence digital
network coding can be performed with decode and forward relays. Digital
network coding generally tries to avoid interference between the source
nodes encoded together. Consequently, digital network coding schemes
typically require more transmission slots than analog network coding to
deliver information. Thus, during the first slot, i.e. first phase, one of the
source nodes transmits its data packet. In a second slot, a second source
node transmits its packet to the relay node and so on until all # nodes have
sent their data packets. During the next time phase, the network coding

node forwards the network coded packet in a slot. In fine, digital network



node forwards the network coded packet in a slot. In

fine, digital networkcoding requires only M+
WO p@PAm03%si ons in contrast to a classical rel aRCTIgE2008/050413

system where 2M transm ssi ohs are required. The

di gi tal network codi n% that can be used accordi ncg to _
cqdiBgpicsBrts PRENYi-oh ranpmésspabl i gonfiashrtogat@assical relaying

Hal Qf.; SHC ' | t hods i ncl ude

LR S TR S e o s 11 el

such as bitw se XOR-operations, and

nodul us- operations. XOR bitw se encoding is a.ver¥
Thg) dighied BREBAN CIERBodnBEceRI3 PO Uped afeRysling; tq/ the present

infEORC B TSR G Rt B BRI AT BLATHTIES %8uch lincar
meyiped ® indodiersyminhatisaneeope pa¢darradnetied XORGalois field, such as
oper ag.i bet ween two _dat rds is for instance
blﬁ&ﬁﬁé@ 'PPGB%VQO%’I %@gnaaymwméaﬂﬁéscode with k =2
and wi th ncodewords. The non- systematic codeword n-k
=l is resent instead of the two bitw se XORed words.
XOQRnhbitvasasemeodingess ar verpssmigabbdeneoideng edetnoddiemgsise of its
.may..i nst be ysed in the,network cqading. Instead of ..
BB G EPHEF npr clsS Sghani-o Gt 55 SF Ay hedde like Reed
Sd18fthr.onvithe regh¥ar koes@dRREd Bofdhehs tipel 8f oddhg, the same
may then be used, under which addition i's the encoding

opspatiani ea. thw tXORhiopenatiani batweeie NOR dpfer atdrels is for instance

[ .U an-addition_.in _th | Oi Leld.of z|l, A further _ . _
pdsR TSI 08 el Resarn g TS SEPRT oROe SPEBLIE T o b i with #=3
codeeorabWIhk 1eheefisfémbsichasRavert fher Apdylrdsent instead of the two

operation. Per signal constellation synbol encoding is

bitwissi JePBGdi verds.f Piheki reyasane chéepr ot eduasuigancede oriented

ere R A bRt B BB R R E F Shcap

performed both for the real and inaginary part
ind%fendentl. when handl i ng conpl ex nunbers and
Ingtgad o€ opcyating en single bHe. wegmandsopep abitsrmandbe hesed for the

negx?vtg? ngtﬂé‘rﬁg@'g{g?b ? ¥ g{?gfﬁﬁa@ &%g?n%}? 2: Crlyté)_e @srg:tc)iqLunder which
acRiBh! BPOREENEHd Y BBLr MBI W ith AR MDtaAEnakh&KOR operation is

undi sturbed recovery of the signal A (as long as the
just gnadditidmem the Galois field of 2'.

A further example of an encoding operation suitable to use in the network
encoding is based on the modulus operation. Per signal constellation symbol
encoding is considered in the following, and the procedure can be repeated
for multiple consecutive constellation symbols. The modulus operation is in
this example performed both for the real and imaginary part independently
when handling complex numbers and utilize a definition of the modulus

operation and the mathematical observation that:

((4+ B)mod L — B)mod L = (4)mod L



not exceed the quantization level L), while the
anpl i tude and hence the power is limted of the
W@ pwnAtdomear | y encoded) conposite (networ k codeci/SE2008/050413
signal. Wth reference anewWto Fig. 1, the data
transm ssion of step SI in which data fromat [ east )
Thue Mreslivabiothgissnad el cearedpe suBedpBBedsoR Bareah alugd signal 4

0} i3Sy LEADRRR, 20, OF SPUSLONOLY Gl Ml H21R AT 4 does

e remai ni ng es”i s ent 't
natodeceddirthiee fopneizatios detel tnanshils sihenagiplstiele Snd hence the
can be perforned before the node selection of step S2
poyeey; |ip Jipitace @1 the Heoprliuearly| angpded)hgemposite (network coded)
: diments, the data transmission is performed in
arallel with or followi ng the node selection in step
t is also anticipated by the invention that sone

S2.

of the Msource nodges nmay transmt data to the rela )
Wbt B TR (OB, dr G5 CareernSHIS SO TR Rbdhshich data
fro®Y at 18MHe dat 8oded PR dResSBL&AT 119 _r},tg@ &5 R - ABY¥mitted to the

forward data to the relay node foll owi ng the selection
rebfy sode G of wurstviovkliveotleat data fgenetiet eeinamisigey’ - M nodes

. S3, for_ instance based of the ahove-di scussed
is Bl saat 1P R AR Myt Pty T HRtA bR of step S1
catPpe) péﬂp%ﬁ%ddﬁéfoire%eoﬂoﬂed&lé&iéﬁgﬁ Sep %Qea? ﬁlelustrated in the

desti'nati on node then processes, i.e. decode,
figtrebilnedliganative ebbailiments.i tlde viateatradwsraisséwkdssperformed in

i nf. tiagn f th des, t .
pefafte] Mt o ThG et REMsT Sl § Blen 525 {1k gso anticipated
byt 1 ihVentdes tthadisoaie BOURe PALWRIESE ndtRS hRELire@daft data to the

will |later receive froma subset of the M sodurce

relaydeedel befgenshainods graepoinipeidonespmiondl K/ coadds qaey transmit
daﬁggga@sgn ‘Eﬁ%asél&?ﬁb#('t %8%{[ %gﬁqel gﬁgy;jf%fﬁg'fagét 48t ;]5‘8;3'(?%? relay node

ave access narv from

foIlldiK@i.rgg slodl seeotieest sfepr Senst ance, assune that M =3 and
the destination node previously has received a data

packet bx froma first source node, either directly
0 e. .
i S PRI REHOR ! S8y 036y )OS ppecd on any of
the atbhaonge-discussed methods, is transmitted to or towards (in one or more
hops) to the destination node in step S4. The destination node then
processes, i.e. decode, the combined data to obtain the individual data

packets and information from the M source nodes.

The data retrieval and decoding is preferably based on data that the
destination node previously has received or will later receive from a subset of
the M source nodes. In general, if the composite network coded data
contains data from M sources, the destination node need to have access to
(individual) data from M -1 of the M source nodes. For instance, assume
that M =3 and the destination node previously has received a data packet b
from a first source node, either directly from the node or through the relay
node. In this example, the relay node performs a digital network coding of

the data packets b, b,, b, from the three selected source nodes to get a



the data packets b, b2 , b3 fromthe three sel ected
source nodes to get aconbi ned packet bx(r)b2Qo (Q
w@oreespends to an XOR operation). In such a CEBGESEX0D&050413
destination node can use thé previously received data
packet b for partly decoding the network_coded packet
coiRBis RRRkat FaPih P @ dedrTparrReEs B9 (31) KORwpegagion). In such a
)=b2(r)b . The destjnation ngde then has to await one
case, tthe destation nedeacyadias o provionshi reasivt daga packet 4 for

obt ai n decode ersions of .all thre ackets.. This
Pl deGE8h i aliBeryaBy pabkEE MRy Salipy dopartly decoded
pd@aieste fr @, W) deshiNatrhenddiden@dn HRICthd Bas to await one of
remai ni ng' patket's ffromthe relevant source node. The

theetdradidiRgri8ad5acikitd. b, 20F %, Infdrewr dbamtam dkcdded versions of all
preferred addi tional step of the data comunication

thire¢ hedkets.t Tieispawagntg icavealteatativdle 5 egplsted ibvaldiest request
provi ding or estimating a respective conmuni cation
fromathie glegtinahonenode sfcong o thet rerpaisring amkess droy the relevant

sdie '}ll&gef”ce nodes. In other words, step SIO
pr ef et a 'y involves estimating quality paraneters

representative of a respective conmunication quality
associated with the source nodes. The estimation of
Thg Q}ﬁtgioéﬁ”senp?’é@%rably perforned for each of the N
source nodes, giving at total of at least N quality
paraneters. However, the present invention can also be
FignpRoyedai lovondizgraom of th pbelrnédgaddiiongl step of the data

araneters for subset, of the N source nodes, in .
coRRTRRTFEHER TR qUalie yPHRCRIe LOTET e S0 S4EP eS10 involves
prvidigcer S4emadakl by RAREELET %ohhﬁhrﬁé&ti@ﬁaﬁ%%{% gparameter

or can at |east be estimted by the source nodes,
assechtedouigh predeciddyiauati ohthed¥ sourrronhdesnbt wohkr words, step

ST L L P SRS e o
reBpEATRE &doinhiighidd eiode l@alitgr a88s@hfe@NFitHatRe Fd18rce nodes. The

paraneters. Thus, a delay paraneter can be

estighadennohsiee 910tivepe llyc peirionmekd {or gy dfndie N source
fromthe transm ssi ti at the source, node, up to

nid($ B S AR BilensC G, SGLLBFIER SipPeldt. the present

invention can also be employed in connection with obtaining quality

parameters for a subset of the N source nodes, in which fewer than N

quality parameters are available.

Different such quality parameters that are measurable or can at least be
estimated by the source nodes, the relay node, the destination node or
another network node of the communication system can be used according
to the present invention. Examples of such quality parameters include delay
parameters and data rate parameters. Thus, a delay parameter can be
representative of the communication delay occurring from the transmission
time at the source node up to the reception time at the relay or destination
node of the sent data. A data rate parameter is reflective of the current data
rate, such as bit-rate, achievable on the communication link between the

source node and the relay or destination node.



node of the sent data. A data rate paraneter is

reflective of the current data rate, such as bit-rate,
w@eiwaram e on the conmuni cation |ink between PEESE2008/050413

source node and the relay a2 destination node. A

preferred quality paraneter that is particularly

useful according to the present invention, optionally

[ n e
AL RSB0, WA ALDET (B SO SiR BG83 ok Rring 1o the

prEascangheention, Spmr@llgaﬁewﬁﬂﬁhaltnomﬂ(wﬁm]mbthe_yr parameters, such as
arameg) re estimated in step SI O for the TV source

drigye’n L S P RFATBF B Ee inrfy THOF SBI91EY] RATPRIGY In such a
cad sﬁh&'ﬂ‘"ﬁnl&o QKL g AhheterNRrd @g{lﬁq‘%\lh\/\ﬁl &te ‘i@ for the N

of a li1nk qua |ty paraneter that can ant ageous
sawged nodeos.diSignahé¢o purﬁeffaremm/emd (nmswrcdincr e{aSHﬁIéhemd signal to

e e (ST G S, S SR Syt ot con
acﬁ%Ithgé{)]%glg B@%eaoaéc%ragrg@ﬁé ifrabdyt M\}e&'ﬁfdrﬁt ed. Each

sourc 10, 12, 14 has“in this exanple a
conmuni cation link or channel 40, 42, 44, 46

WER B ERRESE e a0 o R gt SFailn | jomprising N =4

SORMREIhEMES mer}yzl w STONES %1a§NBoae shain® o BE&YNAAEA node 30 is
20 is instead enployed for hélping in the transm ssi on

schiengaticaliy odusteatedw Gaalh | syueeqaem@encl g 1i2edé41616 ohas in this

xatipfty SAPHAE s o QUEdd A8 AL pecSabtisbed with

thbn(d@@ﬂihgﬁoﬁnﬁoﬁét3(UHIA92dle|a§t Séo@ﬁe O 1ede hﬁkrseapecz;z V&4, 46 may
l'ink parameters representative of the current qual |ty

cugtepHE exheriaccarsronow SANR4gr SNR saghaié melaywarorle BR is instead

enﬁﬂ‘bﬁ%ﬁr a%lg Jl(lgiﬁmil%il’nr lt%earﬂgaﬁg%léjsﬁ}l' g d(!ig{é. %QOrlnAs[he low quality

igure,”a correspondifg quali

experRieing nefy asend ahieva@esfinhtieonl hokeqB@l Ih Ysue adcase, the link
comuni cation |link 48 between the relay node 20 and _
QUAHEY d RATPRAGICEH STRIgNCRAd PERPBGEELSIG) HisoPEsent invention and

esBithi {E%f ﬁgs s48edhi %etl%e pe@ i60Y rﬁypg.\‘&{n; el ICI dese F@dve of the

qualty met ers can es lma ed e’in
cusoem € epuaditgs o Othel 2onidhurii6ativdst hakr @()ay4ﬁpd®4,2@6 Beeween the

ual ity estimte reported to the petwork
soﬁge@s il atl?pelfzf"o?‘%barfciéﬁ ]é’lp RS- gk 1s 11{]ustrated in the figure,
a corresponding quality parameter representative of the link quality for a
communication link 48 between the relay node 20 and the destination 30

can advantageously also be estimated and used in the invention.

In this case, the quality parameters can be estimated by the individual
source nodes 10, 12, 14, 16 and the relay node 20. The quality estimates are
then reported to the network node that performs the source selection
according to the present invention, such as the destination node 30 (to be
described further herein). Alternatively, or in addition, the quality estimation
can be conducted by the destination node 30 having links with all the
sources 10, 12, 14, 16 and the relay 20.



according to the present invention, such as the

destination node 30 (to be described further herein).
w@\doene@re vely, or in addition, the quality esPCTREI0081050413

can be conducted by the ded8inati on node 30 having

links with all the sources 10, 12, 14, 16 and the
Figel @19 dustirgtessBni laligshadivesappraeddcler hat ¢leer apprivash.to Fig. 6A,

clear contrast to Fig. 6A ual,i t ara ters
Ve DERUEITS BYPHERE %ok %& flyp n?fc gpygRunication
lullkélklsl U3, 48, 445betfediettnBedbiile ﬁ@@ﬂé§qonold23314—0a161éld the relay

14, 16 and the rel ay node 20 are estimated in ste
nede RQyare eshirgatachin séepyS He sfi gt i2orAlsoniheuelayt &iamatlon link

e L o P df N SPok Bl i mrpeters.

perfornmed by the relay node 20 or can be perforned by
the source nodes 10, 12, 14, 16. The quality estimtes
Theg pagaeicter ﬁétm@tl@l@ is slvigariageenslyt p@féorm@é by i rglay node 20

o 5] SRR o7 o S PTFLERL 0 E0PARYG, O ity

estithatigrent tmre@v relesrtad my eheomdi@t@@tQ&gJ neodd, $lhieh as the relay
current link quality situation in the system1. This

NQREHAY- t hat for each source node 10, 12, 14, 16 two
gquality paraneters are preferably esti rmt ed; one
representative of the quality for the

Figolﬁ@:ds desdicaly i 0 rcomibinaAthn 47, th#d sitdGtian dhEStrated in Figs. 6A

a jve of the quality of the source-rela
hh% $IM PEPHAeANE ITPRKE FORPEl® la%re of the current

hrﬁg\q%%ﬁﬁyes%ﬂtyoﬁ QHF{'H%”%F‘&@{%} Witk R aHE ! thhy f@ﬁreaaﬁt&furce node

for the relay-destination nk 48. The different
1@ on@unildat ilén tvoalegualitiol pethinetelse greegerterablenestomated; one

traditi naII has i ppent, for perform ng, requl.ar,
repRERTHRACLErt Bhe GGt b ol Uodic QUATFEiroruaatHBhaHte 40 42. 44, 46
arld @i rﬂﬁam&&en@fﬂ%et Quﬁéﬁ'tf*bﬂﬁfe RS GRMy link 41, 43, 45, 47.
conmuni cate. In order to Have as a dynam c and

Theser ias éoficdt 2V elinbugealities ot @dvmtq@wnsm eomplapynted with the

ent_such ra s preferably
ol ot b AR RO ETRRhefRh Rk Ak According to
the present invention. Alternatively, nmultiple nost

recent paraneter estimates,
The different communication nodes involved in the present invention

traditionally has equipment for performing regular, intermittent or upon
request quality measurements with those network nodes to which the nodes
can communicate. In order to have as a dynamic and representative source
selection as possible, a most recent such quality parameter estimate is
preferably used for each relevant communication link according to the
present invention. Alternatively, multiple most recent parameter estimates,

such as in the form of an average link quality, could be employed.

The data communication method of the present invention continues from
step S10 of Fig. 2 to step S1 or S2 of Fig. 1 (depending on whether source-to-
relay transmission occurs before, during or after node selection). The

selection of the group of M source nodes among the N source nodes in step



such as in the formof an average link quality, could

be enpl oyed. The data communi cati on nethod of the
wEe@saenio79 nvent i on continues fromstep Sl O of FCSERD0&/@50413

step SI or S2 of Fig. 1 (dépending on whether

source torel ay transm ssr on occurs bef ore, during. or .
S2tisefherp decdeimet Baed Tore akleast gnPortiohe rgﬁ&rﬁbgr ajf. quality

padthéer Q%@ﬁn%f%gsegé}gﬁl\é§8%f:ﬁ§@eﬁl IS B spr £ ) Sthg r/)urposeful

then per forme | east™ a portion,
salrce godei gyoyar satet@os eﬁtth&atmohntmrsnepnﬁic@ afepeiglent on the

. uch a case, the purposeful source_ nod
eégrla’g%f SATORUHEATADCAYRER iRATRERRICER paHd aelgAtlpased on the
re‘é?Ebﬁ% SHuFORIRLEAH RN aAHZbE B 2ERE ﬁﬁgqggalhtgtparameters

eferably based on the resSpective sou I on
and/or source-relay link quality paraneters.
pn of the source s

it | ect .
Bl bR e RERRELA Paf i hepl 2 I&?B?BF govention can

takbuédxktﬁit' g@sofaéh‘iid\@ir lé‘ltt'fﬁﬁﬁddhdr@aﬁﬁp%‘l@ﬁéﬁg in the experienced
comruni cati on qual i articular link qualities,

copmuhigationf @u@htles,om @@rhou bnhrqmaﬂnrrees Thor s heedifferent source

Cgr%a%% e?ﬁé\;/%ﬁhstallmn?ear?é%hggs%g%o Vb uaI Iég{ﬂﬁé}g pa e quality

patnkteys lat thet seinec befirstHopritaa1” @éummé grblip WiEbe selected.
comuni cation qualities for the individual source

Heweeer, hat/emtq’rﬁrﬁge@mq iFpey Fagunhaicatier cowalities fioer € individual
t “
scy5h, MRl SEHLE QIS4 SRR B8 S Db ucr ke optimar

sotlyrnamnoiey i¢ Olrisﬂea(SOSél%ete'tD disaged U@nSelh@ chewly ofstifmated quality
present invention. In_a particular enbodi nment. of the

PPRBIERTS | AshProvides r@'rpmmry AQnBs SRHERN@dgegroup selection of

thBer h %Fﬁl fixed. I'n such a case, the selection
a %rge erably pararreter-based sel ection of the

pr esent |nvent|on conpri ses sel ecting which particular

sourc des the N nodes that shoul d be rou
In o PHEIH q@@%@lﬁ%@ﬂﬁ ot the PieshBi KN¥eRtiAg: the RrBF frumber 11
e e , ,
co\%ﬂ’er 5 %‘%Q&@f Mi ngf%de aI?ls %ﬁ?fcleg r%l %mﬂ%e s%ﬁ% da%\!i preferably
paraphareiitasedo rsedffcttdn sokenihedi prestni smu:eritmre eomniprestsM selecting

Wlﬁgggﬁ%@églgre%qtgggrﬁgggi%ﬁgf 51@ é\F arlglordeosf that should be grouped

and handled together in the network coding. As a consequence, M nodes are

selected from S,S5,,K,S,, where S,i=1K N denotes a source node. A

preferred implementation of this embodiment is to have a fixed ¥ number of

M =2 . This means that a pair of source nodes is selected in step S2 of Fig. 1.

An alternative embodiment of the present invention, first selects or
determines the plural number M, where M is equal to or larger than two
but smaller than the total number N of source nodes having data destined
for the same destination node. The number selection is preferably based on
the estimated quality parameters but can also or instead be performed based
on other selection parameters. For instance, the a priori information

mentioned in the three International patent applications, i.e. information of



An al ternative enbodi nent of the present invention,

first selects or determ nes the plural nunber M,
wob@pa2drd s equal to or |arger than two but snedT/8E2008/050413

than the total nunber N of 1§ource nodes havi ng data

desti ned for he sanme destinati on node.

The
theeflata Parkets bpsr éhatﬂoyrsasr&deohh@ﬁq@ﬁ%g@ﬁﬂaa@enq@gw @jready has
rRBIATRL AR BUL LANAHRO< OB @2 P performed based
er selection paraneters instance, the a

priori information nentloned |n the t hree

I nt ey nati onal pa a , Jd.e,information
Opft RB QrRpacRot o haH PRE S na st R2 phELE (e M particular

Sesd n e ISeay [ ul
ngiRe AR ORe o ??E‘E o gt RaahP bt on the
essmhatftcbquahtsslpapamt@fs Fimgong, thiehd kivpdablecsharcenndéss.

to include in the node group are sel ected, preferably

based on the estimated quality paraneters, anong the
InD¥na¥@idRRhRA0YheesRRAfRs b s@ﬁr@@%é@ﬁ&coﬂd}ﬁg to the present

groupi ng of source nodes accordlng to the presen
invepAn df pgrim‘rtaﬂr rﬂe@sebiasen mptnmammnt@mMr objective or cost

ect | functi |
PRER HfisoniRiml ol fisalan TS 15V didram g fie 3 The
meeidd fékb@ﬁlrfdém”fﬂdi‘ﬁ tPrr %tésésﬁﬁidt %tegp S PobfFig. 2. A next
Fig. 2 . A next step Oforrrulatesa optim zes an
step) %%@ufommlatqﬁsandwmlnuﬁes o pBECtive @rélcg(@t ﬁanctlon in order to
t.i mal SQ urc node gro Let |

seBfitedti PRHORE RS EARPHR BEPRuLRon /W Kudi §E TR objective
fupﬁ[ﬁﬁmﬁh éﬂ? de énd’% K sonfl&5:8al t@g&ﬁﬁi@é 15{52} t .hc—’lfﬁt where

Avention can al so be i rplete I npu

prefamR Igg Fhaod t?ﬂé”%%ﬁf erftior? QUHC§1460BESim O%le?ner‘fteﬁ'\lmth fewer

Let e the se possi bl'e source n
inpnt paranzeteas ehahhtegnonpbarebesbuioce abdebei.pr éGerN Let G be the

in ion ains at deteymni the best or opti nmal
SCE&\&L rarch:apﬁé %rsé?b‘ﬁc? es%IE(?‘%I?sr 41 guclya Cas%r%gr‘iul? PFICCUOH of
thggl}%é@‘%%FthGenh%nt Bfng o agt&?ﬁﬁuﬂgoﬂ'ﬁ BEsMoPAREmal source node

sfying the optimzation critePion
group that satisfies J(G):

G = argmaxJ(G) (1)

GeG

where G* is the source node group of M nodes satisfying the optimization

criterion.

The present invention can be used in connection with multiple different
objective functions in order to optimize or achieve different system target
goals. An optimization criterion could therefore be the minimization of
transmission delays in the communication system. Another example is the
maximization of the data rates for the source nodes in the system. Further
examples include minimization of outage probability, maximization of the

system capacity and avoidance or minimization of interference.



The present invention can be used in connection with
multiple different objective functions in order to
wopibeaed or achi eve different systemtarget gPEI/SE20081050413
optim zation criterion coullél therefore be the
m nimzation of transm ssion delays in the
comruni cati on system Another exanple is the
t r. r SR .
’f%&hﬁ?ﬁ %g%ﬁet@%sgﬁg%ﬁgéﬁﬁn Bl H%‘rﬁﬁaf]t%&% geg?apm hbarticular
1n®1u1teﬂg@maltmhﬁbxk1mm;3 nsigrdigitaloneokotlheoslysg emd maximization of
acity and ayoj dance or mnim zati on of
theng‘é’ﬂ‘ GRRAELY PhENe €QMIPAIIEALIBN VS esent i nvent i on
is illustrated below with a particular inplenentation
exanpl e using digital network codi ng and maxi m zati on
Leif T héSsOmMKcapdciby tife tdee obnalinac@te oposyst emddsethaving data
= S1, S2,K, SN} be the set of all active source nodes
desdiniary foat a dlestiinraléid)rf arode digs ttheatdopnmmoueationt isgstem. In this

..:CO nicatl Inth|S|IIutrat
il SReblaiEnectnbIS. =L, 1. A paigr ok sapgee nodes is
seméwtea '%a%%Hethﬁ{j bé‘%ﬁﬁu@ﬁu@ﬁ“ 'sz athen ebjddie function. Let
ective function et G Gl , GM > be t he set of
possi bl e conbi nati ons of grouplng two distinct
€6,,0006s, bebonbet Sett be dSEpossibléatorfbdtiorts 6f, grduping two
..., Sn}>denote one of the possible node pairs,
.e. @mn<Gand n>m. Let r , r and TR be the SINR
didtinkh&ABTE ABlEOHABAE & thiessOur cq o yﬁylrb Sn —{s .5}
and the relay node R, “respectively. Furt as m,,
that the source node with the hi ghest Si NR is deCoded
ddrdig! g £h SLAY
rec{;%lo\fgé;gﬁr%n#)e}é\%%}%*a@%ﬁa%w %e% %gh %gcljm ca?a%fnty i's
given by ((Gmn)) = Cm+ Cn (2) G mn)) =log(l
+max(rmr ))+log(l + R+mn ,, T 11 )) (3) where Cln
Leind, OF, i and he, deptes SINGY as dhecdestvarti®nmegrl ofthe source nodes
respect ively. The proposed exanple optim zation
S.or 5t emdphe gelay medenRzaraspectiyply. Further, assume that the source

node with the highest SINR is decoded first and followed by decoding the
XORed signal received from the relay node. Then the sum capacity is given

by

C(G(m,n))=C, +C, (2)
C(G(m,n))=log(l +max(T,,T, )+ log(l+ T, + min(T,,T,)) (3)

m?

where C, and C, is the capacity of source node S, and S,, respectively.

The proposed example optimization criterion is to maximize the sum

capacity, i.e. select the source node pair ¢ that maximizes the capacity:

G™ = argmax C(G(m,n)) (4)
Gm,n)e G



capacity, i.e. select the source node pair G that

maxi m zes the capacity: G = argmaxC{Gmn)) (4 )
w@Rewen@7%GThe opti mal node pair that nmaxim zesPCTIBEX081050413

capacity of the conmunicatildn system can be sel ected

based on an exhaustive search N | anong the i

di fferent unique pairs of source nodes. However, also

Hon d j d -

om t@ﬂgne or m)re EQ%Z Eal rs a a?\ég r@géar%{ig?a\s@g%lty of the
cdrhghhyicationk edygtém ephi ez seldwedbjpastdvenf amctexbrausitive search
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, G=[S2 S3] , = [S2, S4] and &6 =[S3 S4] . Let
1=-10, T2 =5, 3 :-5 and T4 =15, where T is the SINR In
Indihieofolidweinig) 'a shtipleeradplSis presuntay in atlet Ine cf.alaNRify the gain
fromthe relay node is TR = 10 dB, then th?
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usin uation 3 abo 53, 3,87, 8
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1
i=1+2+3=6 different source node pairs G={G,G,,G,,G,, G;,G,}, where
1

G ={S1> S2}’ G, :{Sla S3}’ G, ={S1> 54}’ G, :{Sz’ 53}’ G :{Sp S4} and G :{S3: S4}'
Let I, =-10, I, =5, I,=-5 and T, =15, where T, is the SINR in dB of the "
source node S,. Assuming that the SINR from the relay node is I, =10dB,

then the sum capacity of the set G can be simply calculated by using

equation 3 above:
C(G)=15.53,3.87,8.50, 5.56, 8.85,8.53} (5)

The source node selecting algorithm based on maximization of the sum-
capacity will select, in this example, the node group G, yielding a sum
capacity of 8.85 b/s/Hz. Hence the selected node group in this example will
give a maximum gain of almost 130 % as compared to the “worst” case, i.e.

group G,, and a mean gain of 30 %. The gain achieved by the present



will select, in this exanple, the node group Gb

yielding a sum capacity of 8.85 b/s/Hz. Hence the
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sifpoost Ainapied By &Esh MEHigiPainetiies amAfifin step 510
ofcrigdidafiee gh@?ﬁﬁ Jfaye sBRitieshftbtidd, S9énhald t1ge %ﬁ‘ﬁﬁ capacity of

have been tes the nethod returns to step S30 where
thg ﬁﬁwe@arﬁmmdmgﬁdeﬂgﬁ@m@nu 3 dedwstiod. thas sglected node group. A

neeRe R 2 don e B wBauThr B A e el B R DO cestea. 1

n@xdldgsdiipe 1EaRI6den Hesvede lthe aﬁemﬁi fefiirn@nedstep $8€ where a new
foregoi ng, sonetines the conplexity of the

cagpstilpte aorsrerprpcisosrleciesh e areurespangeoihe dpap of steps S30 to

SEETRAIRANIER A90eSyr! OLoh NaLANSE NANLNE RN DS OWease of an

aV|ng an experi énced ay excee

emawsngzeas@mtcal rldbeecbert,ons Twad enertioned ey thaé iotkgoing, sometimes
continyes to step S33, where the objective function is

thg peQRPIELY THi §h$ PRI | PROSSOVGR frieflee disdyiced by omitting
ceH%ﬁ' %%arbgeﬂbaé%erfgru A téﬁbgcglwglgt RengeNgiidal erdl:0URaving an

t optimzes I'on ou Such: as maxi m 2es
expysiceioedapaay texceatd i Ties, Hatzmg ardatbhmaze beliowalrate, etc.
rates, etc. The nethod thereafter continues to step
S3, where data fromthe source nodes of the

The method continues to step S33, where the objective function is optimized.
This function optimization preferably involves identifying and selecting the
candidate group that optimizes the function output, such as maximizes
system capacity, minimizes delay, maximizes data rates, etc. The method
thereafter continues to step S3, where data from the source nodes of the
selected node group is network coded at the relay node to form combined

network coded data.

The data communication method of the present invention can be
implemented in any communication system employing network coding. As a
consequence, the invention can be applied to both wired and wireless

systems, where wireless radio-based systems and networks will in particular



sel ected node group is network coded at the relay node
to form conbi ned network coded data. The data
we eovramiocat i on met hod of the present inventi onPCHBEDE8/050413
i mpl emented in any conmuni d&ti on system enpl oyi ng
network coding. As a consequence, the invention can be
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al s _or node e capa oper at i as
al?‘(glﬁ & ‘?‘%‘E)‘éré}tl’égg’ oqliattaepg(} %@?ﬁgrseé’tthggmé? BPHEFE node to a
dGth IS0 C&réj t al deﬁ)ﬁt&?cﬁ%ﬁ I %Lﬁﬁ@erf o0 'ﬁl?ermedlate

source node to tion node are€ typically rout
nmdﬂ'sod:gﬁfom rutmiménngf thet destzdadon. nade sdbdiar evateachi m@ typically

tian 0 etwork is i call . .
Bl ebers Foseraitiga i has (PR moving RetiS it sl prergtermined in
ardf Evist. %ﬁ@ﬁh@ﬁm AEEvdrksANYn Wethe 'VHJcﬂérhOHaﬁat V‘Hfalys RAve some
the ot'her hand may have sone predeterm ned preferred

predppemginsshpreferiadphgpping kelememimplpiog Hettwonkgltilzop networks

not, necessaril ad ho furt her, e a
is SO NEERER ah B e PRt PER AR i B Slie f YR Bmunication
sylsSerd qgn\aenﬁdlgﬂl o raditemetywick GaNRl erdxieeftiondln radio network
rel ay nodes ese rel ay nodes conmuni cate wirel essly

compkr@m@d Mféth«dﬁl@yh@@él@s dibicheaelay bashesSt:@mraumcate wirelessly
Wﬁﬁ @Jt g’évs‘?(yr %%%le%,r such ser tg)raggn ogiangx% Her feq%%r node or a

|on o suc Sys
usbrtEhgnﬁaﬁten1l i s based on a cel lul ar approach, in
whi ch a base station or fixed network node 30 provides

conmuni cation services in an associ ated conmuni cation
g,y Ry ds @, SSRGS SRR e 1. The
systdml & 1"selba$)é,‘tbmﬁﬁa pdislradpproach, in which a base station or fixed
network node 30 provides communication services in an associated
communication area or cell 35. As a consequence, user terminals 10, 12, 14,
16, preferably mobile user terminals, such as mobile telephones, personal
digital assistants or computers with wireless communication facilities,

present in the cell 35 may wirelessly communicate with the base station 30.

The figure shows a relaying node 20 realized as a user terminal. This should,
however, merely be seen as an illustrative example as other communication
terminals and nodes, including mobile or fixed network nodes can operate as

relay node 20 according to the invention.

Fig. 5 schematically illustrates the selection of a group 15 of source nodes

12, 16 among the available nodes 10, 12, 14, 16 present in the cell 35. The



digital assistants or conmputers with wreless
communi cation facilities, present in the cell 35 nmay
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i s.al t desti nati gn_node for that data, Fig. .7 . )
107130 B AEHERERE ST kR i o Bung s e dppention as
thbghaél\i'dﬁﬂat@zl lt i erateintRtdd BOdeded@natidn Adde 89. A2Qource node 20

30. In this exanple, four nodes 10, 12, 14, 16 are
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. S e pe WwWor k "ctoding on

our ce’ nod rrorns ne

oreeCEnV®® daps, {Jd tie nizeldect @estgiauon kodd 3bhe source
nodes 12, 16. The network coded data is then
forwarded, possibly in one or nore hops, to the

; q oot o . . :
g o T 0B 80, M Bl o iR o B &G system 100
acaocdini try atlpearbeithwditne@ithe prédentpirasenior. Mhleatcbatrol system or

The control systemor ynit 100 conprises a._general
unib RO srEitispe @ gm@alumnutl%daw%geé/%rumt 110 arranged for
i L Gat i o Wi t ernal i -
i A 6 1 A ot BRI g L/Q it 110
capf ba impdesraritedrinviltehforompé at rd nsnabism withngprand@addransmitting

e%nd a receiver with cﬁ{;nect ed %(ﬁcei Vi nﬁ antenna or a .
afippnacandef WS WrbiREgect srr‘FiCE%"il g/3leEnA Qg @ transceiver
witht £ i bife$ YA SnBiASSs / Ite'&@ivliﬁg N Onfalich a case, the 1/0

wirel essly communicate with othér termnals and units

unih ItIHe ceonwimrdlessly avmyateivatandtherthier Oeominals and units in the
ation.is of.. a rb?n-ante na base

i | enent. in the for
copuifiFatifh st et gyt SRR 8o ddtpgne form of a
nddrhaitenna based 1/0 unit capable of forwarding data to and receiving data
from other units arranged in a same network node as the control system 100

and preferably wiredly connected thereto.

The I/O unit 110 is in particular adapted for receiving information of the N
source nodes having data destined for a destination node and among which
a subset of M source nodes should be selected by the control system 100.
The I/O unit 110 is also arranged for communicating, to another unit
arranged in the same network node or some other network coding node,

information of the selected group of M source nodes.



fromother units arranged in a sane network node as

the control system 100 and preferably wiredly
w@orneedoed thereto. The 1/O unit 110 is in parPCTSEZANS/050413

adapted for receiving inforbation of the N source

nodes havi ng data destined for a destination node and
Theroeepinel csydeBubt@® epmmrisas ¢ nsgadifigopraviser 120 arranged
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nagi; @%ﬂ@é T i b Sam ek i 98, alplsast some of
th'enﬁ'ltf &tioh @é%?tfalﬁéétth%%lhd 'tH@h't%‘f&%@eﬁ)de@OfH Bhd1$/B unit 110

curr active nobile termnals (source
Eunbdesyidnmmhalm%ﬂmUﬁ@rmpnhndheZhﬁ%dbstpﬂawmmngSﬁhh.H’source node
. Ii,% or at | east some of the information contai ned
ld?ﬂﬁlsr% can then be forwarded to the 1/O unit 110 and
used by the identifier provider 120 for providing the
N source node identifiers. A source selector 130 is
A sprangedldator H80cinarraingsyisinethd 0onfiml systewat 109 foheelecting the

rou M sour ce, nodes a he N source des., The .
arBlPeth 81 B TR L P M P SeredE 150 15, s
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forwards i nformatl on or Mi dentlfl ers of the group of

M sour ce nodes sel ected by the
The I/O unit 110 then functions as an identifier forwarder and forwards
information or M identifiers of the group of M source nodes selected by the
source selector 130. These A identifiers are forwarded from the control
system 100 to the relay node that conducts the actual network coding on
data from the source nodes. The relay node then utilizes the M identifiers to
identify what data to combine to form network coded data to be transmitted

to a destination node.

If the control system 100 is indeed implemented in the relay node, the I/0O
unit 110 simply forwards the M identifiers to the network coder or the data
retrieving unit that identifies the relevant data from a data or receiver buffer.
If the control system 100 instead is implemented in another network node

than the relay node, the I/O unit 110 preferably comprises or is connected



source selector 130. These Midentifiers are forwarded
fromthe control system 100 to the relay node that
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inf@engfisheralRive e PPN EFOAR ATBL BbnPLRY eLRIMAF init or node. In
arranged for providing a respective conmuni cation
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P A e TRRIRES. Bl O8 alsiranda 3 Bpe stations can
perfioh Melkhé OAchegleipdnidtet hestinfation.t 1hiAnha@shanf the estimated
external unit or node. |In such a case,
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links indicated in Fig. 6A, 6B or 6C.

The source selector 130 is then arranged for selecting the group of M source
nodes based on the provided (link) quality parameters. In a preferred
implementation, the source selector 130 uses the link quality parameters as
input data of an objective function that has a relevant system quality
parameter as output data, such as system sum capacity. In such a case, the
selector 130 selects the source node group by optimizing the objective
function comprising the input quality parameters. In a typical
implementation, the source selector 130 investigates each candidate group
or pair of M source nodes among the N available nodes. A respective

quality parameter output is calculated by a connected calculator 150 for
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gquality of the communication links indicated in Fig.
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prow ded (link) quality paraneters. In a preferred
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a source node or a fixed or nobile network node of the

conmuni cation system A distributed inplenentation is
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particular arranged for receiving data from source nodes, which data is
intended to be brought to a destination node. The transmitter 22 of the relay
node 20 transmits network coded data generated based on the node-

originating data caught by the receiver 22.

The receiver 22 also receives information or identifiers of the N source
nodes, either directly from the nodes, from the intended destination node or
some other (control) network node in the communication system. These
identifiers are fed into the network coding control system 100 previously
described herein and implemented in the relay node 20 of this embodiment.
The control system 100 performs the node group selection of the invention
and outputs identifiers of the group of M source nodes selected. These
identifiers are forwarded to a network coder 24 provided in the relay node 20

for network coding the data from the selected M source nodes. The data
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receiver 22 is in particular arranged for receiving
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mul ti ple hops utilizing other relay nodes in the

Figo W&L}%@gh%t%%ﬁ&g oo .aTE&l&JPlia{tl% lgl%’ckﬁéirag%gpié 895 of ttltvl\glre gelay node

el ay e i nprenented’in
2@raceogditid nat ithe pfedeaitdudreitiord $0f tiwar easdi ghe etiveork coding
an illustration of a schematic bl ock di agram of

cogtipelhayStean 4f Hisdanoontinn ds dimplereeniss i eqwiher, external nodes.
ALETD. )L BN RorL AL SORLIRARNISy tha conte
sysk¢marisaorwagddsd to the relay node 20 and received by the receiver 22. The
identifiers are fed to the network coder 24, which uses the identifiers for
identifying what data to combine through network coding. The operation of
this network coder 24 is similar to the embodiment disclosed in Fig. 9 and is
not further described herein. The relay node 20 preferably comprises a data
buffer 26 as previously discussed for temporarily storing the data received

from the source nodes and that is to be network encoded by the coder 24.

The final (digital or analog) network coded data is then transmitted by the

transmitter 22 to the destination node as discussed in the foregoing.

The units 22 and 24 of the relay node 20 can be implemented in hardware,

software or a combination of hardware and software.



As a consequence, Midentifiers of the source nodes
sel ected by that control systemis forwarded to the

wo edoas26o0de 20 and recei ved by the receiver 22pPCTBE2008/050413
identifiers are fed to the2metwork coder 24, which

uses. the identifiers for identifying what da t )
ThersliavenpAf sidRenetansrk iBganHgn %ﬁ%geas@?@if?%i Byttheppmbodiments
r f | e leN&A icati
of‘dﬁé%gﬁoé; eagfliquo %gn %dgéﬁlg‘ﬂe%%'butsﬂf }Hé a%%glen@me%eesds communication

n Fi not” further descri
temerinah if dheratéhgyinno deirdlesp rrefddo-ddzlsedcommmseicadiatatgstem. As a
buffer 26 a revi ousl di scussed for tenporarily
AT a5 e e §oFy ARFDNEPEEECH fbdaWilihgp or ad hoc

sydtédn. if?g%vgle, ARV oBREYIe R K RBd€9d8M Eperdid€as relay nodes

final igital or analog) network coded data is then
acqozding to éelprespet imeargnon t drerp 2onontindécatésg iwintlessly or wiredly

de.as di,scussed.in .th 0r egoi ...The units 22 and
wBR G SGEONLE HERREHN Asuriafiolhidde.

har dware, software or a conbi nati on of hardware and

sof tware. The rel ay node of the present invention and

Figxdripls & eehematiceilbmisaiinpreisadrlorkgdiageamnal rodesiination node
oA FuP SR RS SER SR e comprises o

trensmittee Atd @vesY i € tRaried e 0 B9L GuplRyedt e r@mpnunadeting with
can then operate in a nultihop or ad hoc system
extpirlannity| erlyding sharglavenagde kbgedresanogper at e as
rel ay nodes according to the present invention, then
communi cating wirelessly or wiredly with other network
Theodestinatdudiade 3¢ desprises i ometodak Eogdingl bonsrd system 100
schematic illustration of a block diagramof a
a%eggx%ttpom%d&@ssm dOveRHCRg [0 sekecthresegroup of source nodes

. . ey i .
e ENACT acTB PR, 09 QRS ARIL S o conirol ystem 100
receives nideattiffeyswhf hhesdt eV nabuwnee tregddsndtardi tige trbeeivet 82 or from

nod nd sour nodes. The destipnation node 30
So@ﬁﬁ§@$§é§053ﬂggﬁbﬂﬁsEBHFﬁﬁlﬁﬁa? + system 100

according to the present invention for selecting a

group of source nodes having data destined for the

Indéet faraénnasoddc3destThationmodt 3ysserfot @Osteewe v@stain a list of

Aok GiomiEadie Hiaren L PAMEnG Rt onler e T oA R cip area (cell

Alternatively, the destination node 30 can store information of those source
nodes present within communication distance and which has previously
sent or tried to send data to the destination node 30. In such a case, the
destination node 30 can have responded by returning acknowledgement
(ACK) or non-acknowledgement (NACK) messages, well-known in the art. The
destination node 30 can therefore store information of those source nodes to
which it has sent such ACK/NACK messages during a preceding defined

time period.

Alternatively, the receiver 32 provides the N identifiers to the control system

100, where the receiver 32 has received them from the source nodes



In the former case, the destination node 30 can for

i nstance contain a |list of active source nodes present
Wwowaobitzsore s associ at ed communi cati on area (cel POT/SE2008/050413

Alternatively, the destinabon node 30 can store

i nformati on of those source nodes present wthin
th@énmlﬁrie athopekgiysnade eoran ¢omtrehnagois apdsus! the epmmunication

%{led to send data to the destination node 30. In

SXUCh" a case, the destination node 30 can have

responded by returning acknomﬂedgenent (ACK) or

non- acknow edgenent nessa wel | - known in

Thg tconggel §¥§¥qfﬁaﬂp@noﬁﬁaé s38hean! ¢ Kisretie St ahe Selected source
né@éf %r{&gﬁﬁtﬁl@é € rS0KLSE tHOgRS r&&g""ﬂbﬁ@ b tl?l%str%?ﬁtrmtter 32,

suc nessages during a precedin i ned t
wherg tdey Al¢ madtﬁoveietwolrhecorchngde&a 32 provides the N

identifiers to the control system 100, where the

recei ver 32 has received themfromthe source

TIE‘@?@@&O&“%Q' A18S relcBRr ek AR riHBN8 WA e 8EYL Hom the relay

node 1 n the communi cati on system” The control system
nddx 3ut puvsgh hpoddiblie mhrdimgln smofltiphe inédmotdidte aglae nodes. The
nodes., T. erde |f|ers are,sent to the re de .
oAbt (AT I petiatis SEped dbats SR Fufite ¥ until the
d&2Hdt%ortiahade TRO '}%‘se'éa‘ﬁfu%'i? @480 tbe%%k-i/e%ﬁ‘d}i rH“ecode the network
resulting network coded data fromthe relay node 32,

entdosiggh dpta.s Ableynativ elyg Hheutlatep baiffen 8onalitady crcmta;ns previously

re G AR  BPY & STl s neleeled HarPBREh s30T Suich a case
thenelegbdent 34t eafolikecthis GreomRidPerdRived kiancggeddecoding the
data. Alternatively, the data buffer 36 already

C%htrmdwsiqéaexﬂr‘mesdwa eteéwielagdeala ¢ aperdoBUBgein Mg o multiple
stgﬁe 98}511? el rf’gggﬁcﬁo&ogl%ﬁl r{hl%uale%&%z fpac%&%s)g&%)td&;as combined

I'S previ OU y recelv ecodin

byt e celdy nestidlanel hbhv snaay andeeioiial o £@n (jeckees)f Ollirﬂftﬂestmatlon
in one or multiple ste s dependi ng oQn how many

nqded 0 la@j%urea%wsd(%we SHeceR: C\%eeel@ébbrc}rec@dwgm@bmed data of
M ?hﬁ%n@?gf s@ﬂg%e‘sog’(a&ﬁﬁ)és'ﬁ%' ﬁbg Iof dﬁvvl gata%gi&gefrom M -1

desti nation node as recelve rec
so@@nes .alhy, Mder aditads cecdivad byl dha reéelver 32 from the source nodes,

possibly in a multihop scenario and possibly in a network coded form.

For instance, assume that the destination node previously has received a
data packet b directly from a first source node. A relay node has also
previously network coded data from a second and a third source node using
the output from a network coding system of the invention. The resulting
combined data b, @b, has also been received by the destination node. At a
later moment, a new network coded packet is generated by the relay node
based on the data packets from the first and third source node. This

combined data b, @5, is sent to the destination node 30. The decoder 34 can

then decode this last network coded data using the previously received first

data packet to obtain the data from the third source node: 5 ® (b ®@5b,)=b,.



M i ndi vi dual sources requires the usage of M X data
(packets) fromM X sources. The M X data is received
whyoobhzorecei ver 32 fromthe source nodes, posBCEE20081050413
a multi hop scenario and pog%ibly in a network coded
form For instance, assune that the destination node
Tipereaificwrsthe kgsoder Sdvudea that depaddcdtthiid dataegEaket rignto decode
a first source node. A relay node has al so previously
theepyerikusbt secaiaec donapineds datmdb, ) o dlally slagr ebtain the data
node using the output froma network codi ng system of
bt frem Ahermecond stiErceasede.i ng conbi ned data b2Qb has
al so been received by the destination node. At a | ater
nonment, a new network coded packet is generated by the
ThELAN 189 PRE]EA POOITAHAEEsRAGHEhSndAO B Ben T fthplemented in
and third source node. This conbined data bl(r)b is
hawiwarey solfievaieser aatombinsdien 80 hafHwade cotbsoBwagan
t hen decode this |ast network coded data using the
previously received first data packet to obtain the
TH@! deftiaftibhe Adid deSQURERRPEEs oW1y b { T hBtwht node of the
. Thereafter the decoder 34 uses the  decoded third data
copapRetication sesiots sthah psey stalitnarebesy sthidomof mewireless radio-

data b2b3 t.o f.inally alsp obtain.the data b2.fromth .
oA B cBATR e ipfecysfrlh L PioPe BT 138 Bty Ffipibfentation,
théesiési@hh@bnnodedS0 isambeabl¥p! afEnt shi bdhahdwaio®able wireless

software or a conbination of hardware and software.
coppBlEsatiea: iegringddnchading antsegdeisinabe a net wor k

node of the communication system such as a stationary

base station of a wireless radi obased contmuni cati on
It sigs hamicipiowel &y, the preseht eimalritica i thiplt ethentralayomnd hiestination

destipation node is novabl e and can_be a novab]

NQfGsePb % otvaink k AYRisAlly dpsiwdes Turbendimigs andk zlanctions relating
t ] - ' i.ci r i LV is :
top HiTbptation JISRGE (AR, Foiihd AR BREHoddYEt iAfinde quality
megpirialg ynitscthad estfmatd eommindcatton fqureditygresrameters, including

.relating to the operation of these nodes. For, ]
h%%%%p%éﬂ_ﬁf&ags OBafatan! P&&galaaaﬁqr{lylw&%%aemces that are
cupb b8yt hak @%{(étﬁ%%ﬁ_ BTHHY £ %Hcp%tﬂ&alﬂéfdéspfﬁ acEFét €bHmunication

I ncl u%;l ng Yin quality paraneters, on data links and
systamurillcedd athserwnidesandafurartéon are, however, well known to the

person skilled in the art and are not illustrated in the drawings.

It will be understood by a person skilled in the art that various modifications
and changes may be made to the present invention without departure from

the scope thereof, which is defined by the appended claims.



currently active between the node and other nodes in
t he communi cati on system These other units and
wo eovetizeom are, however, well known to the per SPCI/SE2008/050413
skilled in the art and are28iot illustrated in the
drawngs. It will be understood by a person skilled in
the art that various nodifications and changes nay be
nmade to the present invent iémgout departure from
the scope thereof, which is d by the appended
1.1 34 MRy (el MBS rthmfh #2818 nC OfTS¢ AL G atihon "%Fx%ﬁrﬁc@tion system (1)
conmuni cati on system If) conpri sing N R pl e source
campeisirgd OV Iidultiple ureachodeyi (i@, ddRa bestliGheeadlorhaving data

a&Btad Bl BerBaaig hoas P Fokl et oM harep B i sisps o
nodes (el ARG A8EfIoN JULhLM SRS Hodes ((3016) among

12, 14, 16 networ k ‘codi ng, at a relay
saidd¥ (Rd}ipdd ssaick nodes Ol @at 2.0 s¥6}, evingrt) 2 <ddt<aNf;r om

id 5 f Mnultipl des, (12, 16) t
Form netitik ubeaat & TR RIS G Bl Ao SoamERigsiton system
(150d8¢h 9RdiA §£ﬁg%ﬁ?l§g)ﬂ§jz aYy_modaulfk s6us@ Hodes (12, 16) to form

destinati on no The net hod according to
neivgirlh aodefdudateeransbnpri sing transnitting said data

f i d 15); of .M mul ti pl des (12,
1oyt o Eandfy Sl Hedplk' R Rt SRS R pode 20 to
sdi@ ddsainAtibrohode (Y0Erein sai d sel ecting step conprises

selecting said group (15) of Mmultiple source (12,
16) nodes based on a respective comunication quality

2 PREATES 0SB Dol 3. A P BRI s

ddtar trbai seadgroapn@ B fi MBtinddtipleoso@aeNnddys (82NA&) to said relay
(10, 12, 14, 16? of said N nultiple source nodes (10,

n ,(2@-, 16), a respective link quality paraneter
associated with said source node (10, 12, 14, 16),
wherein said selecting step conprises selecting said

3.gr dipe (he)had Mcording to claim 1 or 2, wherein said selecting step

comprises selecting said group (15) of M multiple source (12, 16) nodes based
on a respective communication quality parameter associated with said N

multiple source nodes (10, 12, 14, 16).

4. The method according to claim 3, further comprising estimating, for each
source node (10, 12, 14, 16) of said N multiple source nodes (10, 12, 14, 16),
a respective link quality parameter associated with said source node (10, 12,
14, 16), wherein said selecting step comprises selecting said group (15) of M
multiple source nodes (12, 16) based on said respective link quality

parameters.

5. The method according to claim 4, wherein said estimating step comprises
estimating, for each source node (10, 12, 14, 16) of said N multiple source

nodes (10, 12, 14, 16), a link quality parameter representative of a link quality



mul ti pl e source nodes (12, 16) based on said

respective link quality paraneters. 5. The nethod
w@emoneliomy to claim4, wherein said estinmati ngPGL/EFR008/050413

conpri ses estinating, for @ach source node (10, 12,

4. 1 of sard i pl e source nodes 0, 12 14
01%):01115}1 r%wélﬂer elpfr‘@’%ﬁt%ﬁ(l%\ﬁé’%Fe Rodedl0, 12, 14,
%)U&'ldifsﬁﬁi d@sﬁﬁﬁﬁ%ﬁ'ﬁ‘@dé eipyl i nk (40, 42, 44, 46)

etween said source node (10, 12, 14, 16) and said
destination node (30). 6. The nethod according to

o S8 ASHALL 38 S LT BS AR SOTRE St scp

c&ﬁpm%és tﬂl@)sté’;f)s gpid N nultr pl e sour ce nodes (10, 12,
ality paraneter represent ative of a

, link qu
| i rrk qm‘umytmg gvrcmnhmpuaw ovodei (AR, (121, 144316)4@ saclcl)N multiple

so?Lgrltc\gAﬁﬂ?q%egsg 1?)281)02] ]%E df@ !Sr)agqr,ba%.gyllﬁeﬁ%%rg sf Irf:;);resentatlve of a link

queAit§eIt L confRueS@MAH vk @1, ad, 48 Ayabdtiwtefsaad source node (10,
comruni cation link (48 betvveen said relay node (20)

1%nh4,sh6)dala@§tail<ﬂ1§€1|aﬁrﬁ 2Q3end 7. The net hod
accor didig; f, tlﬁgya ahﬁ;&ﬁﬁ%%:é%tteg 8 r "!?a%t&h e $fdink quality of

sel ecting s epeis per or i m-zatt on o

a ebnabjuestatien e (4nbétvwaderc ead lre ﬁ@d@l (2@ pAdtsaifl destination
link quality parameters. 8. The od according to

nedei3l7, wherein said sel ecting step i s perforned
based on maxi m zation of sum capacity of said
comruni cation system (1). 9. The nethod according to

7. anyrhﬁ nidtdodl acameding o dnywbetled cledaisd3 sel @civhegeist €xd selecting
nprrses selectrng a group (15) of tmp sour ce nodes
Strlazls 1B5TigRBRg LaASEAN | @Pf@rr@zefm cel nddes r%@velz”unctwn that

Coi‘xg]i)nsgg saitPres Eﬁ%ﬁ%tﬂ?ﬁ{jgﬂt‘éﬁg g'aPzgmte@ 3 Wherein said

ecting step conprise teps of cal cul ati ng,
for each pair S(mn) of source nodes anong said N

8. The method according to claim 7, wherein said selecting step is
performed based on maximization of sum capacity of said communication

system (1).

9. The method according to any of the claims 1 to 8, wherein said selecting
step comprises selecting a group (15) of two source nodes (12, 16) among said

N multiple source nodes (10, 12, 14, 16).

10. The method according to 9, wherein said selecting step comprises the
steps of:

- calculating, for each pair S(m,n) of source nodes among said N
multiple source nodes (10, 12, 14, 16), a sum capacity C(S(m,n)) of said
communication system (1) defined by:

C(S(m,n))=log(1+max(T,,T,))+log(l+ T, + min(C ,T,))

m?o mo



mul ti pl e source nodes (10, 12, 14, 16), a sumcapacity
C(s(mn)) of said communication system (1) defined by:
wae®@dmeeon) ) =l og(l +max(r, ,r ))+log(l +TR +m PCT/EE2008/050413
))where Fn, is a conmmuni caBdon quality paraneter
associated with a first source node of said pair of
whewe dg isoal esyuBmriisatgaon guality qeEtiaometgu alssogiapet swith erfirst source
associated wwth a second source node of said pair of
nede of esaid desr anl dsotR cesnades niiuris cacoommuyaaddtign quality parameter
paraneter associated with said relay node (20); and
asswicidedngithhe spedmnd Sopfrce madseohsridspainatl seaxcainpsles and T, is a
said sum capacity: S =argmaxC(s(mmn)). S(mn)e S wher
cagnuicagengualily prysansice assorsisd vabasaid ﬁ%@@sn%ﬁ%&é))? and
said N i our Yols| 1 1 4 ) . .
net wor kégg%%lu%e[g%nhﬁ ra(%]ie ggs?%z%gklg%)gdcdoe#prﬂll%?r%?%w%s said sum
cdptetyi: fi er provider (120) for providing Nidentifiers
of N nultiple source nodes (10, 12, 14, 16), each
havi ng data destined fdF <ergeskiiiti.of node (30) in a
conmmuni cation system (1); &"gburce selector (130) for

GBS 08 &0IPUR Sl p L SOMCSuBIES A% i
solfice dse 19<NV2<N 4, 18)d an identifier for war der (1ELO)

for forwarding Midentifiers of said group (15) of M
mul ti pl e source nodes (12, 16) to a relay node (20)

et \Wor i.AG; ' ' I [ ifiers,

11tglata ¥?g§nﬂggpgm§]§%%&ﬁ%&gﬁmfﬁ%¢gg§9 ir ce nodes
(12, 16Gn iderfttfiien pedwdek (X20)efdr qabaidingbdy ideartdidrstedN multiple
to said_destination node (3 12. The system

SOEEBrapdes (H0clld 41 ,16_?’uFii‘|%)é rhagRgr 3l gleatipsrlafas 8 destination
N ¢ Bl S B e ot e i th sai d N
mul-t i plee ssowce esalectes (1BD) 2, sdéctih@) a ghernei(@bpaifd M/ multiple
source nodes (12, 16) among said N multiple source nodes (10, 12, 14, 16),
where 2<M < N; and
- an identifier forwarder (110) for forwarding M identifiers of said
group (15) of M multiple source nodes (12, 16) to a relay node (20) network
coding, using said selected M identifiers, data from said group (15) of M
multiple source nodes (12, 16) to form network coded data to be transmitted

to said destination node (30).

12. The system according to claim 11, further comprising a parameter
provider (140) for providing a respective communication quality parameter
associated with said N multiple source nodes (10, 12, 14, 16), wherein said
source selector (130) is arranged for selecting said group (15) of M multiple
source nodes (12, 16) based on said respective communication quality

parameters.

13. The system according to claim 12, wherein said parameter provider (140)

is arranged for providing a respective link quality parameter associated with



source selector (130) is arranged for selecting said

group (15) of Mnultiple source nodes (12, 16) based
w0947y especti ve communi cation quality par ar€t/SE208/050413

13. The system according télclaim212, wherein said

paraneter provider (140) is arranged for providing a
saids peaniltéplei sungganpdgs phPands drd, abBlooviagrsdn wiaid ssivgce selector

03 B Bl LR e 100 Sol B 1t b L S g noces 12
1 §)Abakeal 04 Baid PesictiMemishk iqRlRits Parameteges (12, 16)

based on said respective link quality paraneters. 14.
The system according to claim 13, wherein said

ar, i . 0)1..k r f Or. i.ding, .
PR AL LIRS 0ol P51 PR SRS provider (140
isnarainged feupaeridiogesfot 1éacH Zoulde ridde (BO) 1@k Tal 6}l wf said N
paranmeter representative of a link quality of

RSP QaRGeTIOdGsnid Q. 4% kb, 1ak a hek Cﬂ@%é?\al@é]?%ter representative
ot?agg%%eﬂggﬁ%h&ﬁg’co}&nﬁﬁcaﬁg%ln%@ é&@' godggt '4('??%162{97e98%%1d source

e system accor claim 13
nodeefld, N Zal4l Peramdsaid pestihdeéon(ded (33). ar r anged f or
i) providing, for each source node (10, 12, 14, 16) of

said TV nultiple source nodes (10, 12, 14, 16), a link

- _ oy ; . Al .
U3 X RO LGN CORSLS 1 19,y St s provid
(146 arreogged( b0,1) pRovitdng, 16y canth saicter edbdy (hodé2( 2@) ,16) of said

N B L Son e thdhed i da (D BT Glinkc iy parameter
reg}éé%r{tﬁﬁize bst \é(e%&hksgﬁlg | 8y et tNicAieh SBRhR (41, 43, 45, 47)

estination node (3 The system according to any

bﬂtWeBheS@iﬁaSerEZnDdel(é,O,mk%,r éédn 19 ahd aaid eedef evtdsr (20), and i)

13 Is arranged.for _selecting the grou 5 f M .
Pttt & S BT e P IR o) N ErCgR I Dhodafink” quality of a
coPRhRflit¥8ohUREk i @8) tHhaivee@NBAIF ¢6layahdde ePP A d &didl Ndestination

qual ity paraneters. 17. The system according to claim
- (3Mer ei n sai d source selector (130) is arranged for
selecting the group (15) of Mnultiple source nodes

(12, 16) that nmaxim zes a sum capacity of said
168 0mMhsedtehoacsysliam tolany of the claims 12 to 15, wherein said source

selector (130) is arranged for selecting the group (15) of M multiple source
nodes (12, 16) that optimizes an objective function that comprises said

respective link quality parameters.

17. The system according to claim 16, wherein said source selector (130) is
arranged for selecting the group (15) of M multiple source nodes (12, 16) that

maximizes a sum capacity of said communication system (1).

18. The system according to any of the claims 11 to 17, wherein said source
selector (130) is arranged for selecting a group (15) of two source nodes (12,

16) among said N multiple source nodes (10, 12, 14, 16).



18. The system according to any of the clains 1 1 to
17, wherein said source selector (130) is arranged for
wa@edoeatdomy a group (15) of two source nodes (12CT/38B)008/050413
anong said TV nultiple souBze nodes (10, 12, 14,
16).19. The system according to 18, further conprising
19, cBhedyatan até@dingrtocadlse ufuatheg cofmprisiagha pealculator (150) for
said N rrultl pl e source

f d
qiég@ﬂt 5 0for 5ack spaife ) (et s Hin SAFAE] B9IER STHPRS) S9NV multiple

T PRI 0, 05 TS, D ymcacon

(SANTY Rk lasqual ity paranmeter associated with a
S II‘S?HZOSI‘CG ﬁ%e of said pair of source nodes, Tn is

a communi cat(sén, HYualdd(y+ pakanet oY+ _gfodi at @th w,l,,trh))

second source node of said pair of source nodes and TR

wherea I'; dsraigonahuoicatic iquyalitnparahetenassediatetwiitt b first source
said relay node (20), wherein said source sel ector

n¢des0J sasd gainngeshifroe sedest I'nds theopahun&atfors quriadity parameter
nodes that maxi m zes said sum capacity: S"

assaciped (islin 83gor8] splreSnoderd shidpar ftsoofcallodes and T is a
possi bl e pa| rs of source nodes anong said N multiple

coFpurbEcadeRs quedity 1 parametar)asspgiatadr avidly sae ygdgy node (20),

RSO | S gSOa e PRERIOB b NG 18 e poed, B ipdeny the pair 5° of
SREEONHIRY thgt@ﬁmﬁlzkgesa&h LR céﬁa&fr%lg for providing

Midentifiers of a group (15) of | tiple source
nodes (12, 16); a rece|SVe-rarg15,’123tC’(Sn(w rpcei ving data
fromsaid group (15) of M mubtsiple source nodes (12,

Wi SHI B 11 4 SSSHiTh Rinol FBITEAPGE GUpoPREFgrY multiple
SOMrHylrfold@gqlgoqgcqmqws (12, 16) to form netvvork coded

data; and
20. A relay node (20) of a communication system (1), said relay node (20)
comprising:

- a network coding control system (100) according to any of the claims
11 to 19 for providing M identifiers of a group (15) of M multiple source
nodes (12, 16);

- a receiver (22) for receiving data from said group (15) of M multiple
source nodes (12, 16);

- a network coder (24) for network coding, using said M identifiers,
said data from said group (15) of M multiple source nodes (12, 16) to form
network coded data; and

- a transmitter (22) for transmitting said network coded data to a

destination node (30).

21. A relay node (20) of a communication system (1), said relay node (20)
comprising:
- a receiver (22) for i) receiving M identifiers of a group (15) of M

multiple source nodes (12, 16) among N multiple source nodes (10, 12, 14,



atransmtter (22) for transmtting said network coded
data to a destination node (30) . 21. A relay node
W@ 20p/12d07® comuni cati on system (1), said rel aRCTISER®08/050413
(20) conprising: a receiveB3(22) for i) receiving M
identifiers of a oup (15) of Mnultiple source nodes
1@1&91116)%%1{5 WCﬁﬁgtqomtéols@Lﬁt@@ H& Aqeendingto any ﬁ)the claims

1 f r@ma Hﬁam 9%@9 ii%%rﬂtfif §§1§% %?b&é (q)S) s d%rﬂﬂtlple source

to any o ceiving da
nbdes{ 131 1b) ngme(Z]ﬁMafNM mul ti pl e source nodes (12
16), where 2M <N &&i\r/%prk coder (24) for netvvo(i
codi ng, @ BEIWETs goslem ¥ medwerk Gadingaising §aid 4 g identifiers,

s8804R A frain ggl%/' ﬁyg;{lﬁaﬁl d.iga t W Chdif feq s%%lgs:e #@de&oﬂ@?rl’@ ) to form

net wor k cod ransm t
nd:mankmddeidn@aisaaiahd]et\mrk coded data to a destination
node according.to claim 2

20 what ey dp2) Mo deacsdyifd sABLRrET spded data to a

dEQME ablensber m nal (20) of a wirel ess radi o-based
comrmuni cation system (1). 23. A destination node (30)

of a comTunl cation system (1), said destination node

3 t k di te 1
23,0 & PRy b dcBortinRb e’ 0 F Bho%hsidl SRy node 20
isMy i @Bk f Wwilefesdf coanfihtuicdtidn tefmhalU(d0)PbE aS QhiFd€ss radio-based
nodes (12, 16); a transmtter (32) for transmtting

cogamNERdentsySiems o a rel ay node (20): a receiver
(32) for receiving, fromsaid relay node (20), network
coded data generated by said relay node (20) based on

23lata destiffusiandngdeyBof bbla ebmvhiiddtpre syotsrag 1088 destination
(12, 16). 24. The destination node according to claim

n%@ (3kH slomnprisiaigs recei ver (32) is
- a network coding control system (100} according to any of the claims

11 to 19 for providing M identifiers of a group (15) of M multiple source
nodes (12, 16);

- a transmitter (32) for transmitting said M identifiers to a relay node
(20);

- a receiver (32) for receiving, from said relay node (20), network coded
data generated by said relay node (20) based on data from said group (15} of
M multiple source nodes (12, 16).

24. The destination node according to claim 23, wherein said receiver (32) is
arranged for receiving, from M -1 source nodes (12) of said group (15) of M
multiple source nodes (12, 16), data used by said relay node (20) for

generating said network coded data.

25. The destination node according to claim 24, further comprising a decoder
(34) for decoding said network coded data based on said data received from
said to form said M -1 source nodes (12) to form decoded data from said

group (15) of M multiple source nodes (12, 16).



arranged for receiving, fromMI| source nodes (12) of

said group (15) of Mnmultiple source nodes (12, 16),
waelaaa/1zeed by said relay node (20) for gener at PCSEANE050413

networ k coded data. 25. Thé4destinati on node according

to claim24, further conprising a decoder (34) for

decodi ng said network coded data based on said data

eceived fromsaid to formsai,d M X source, nodes,(12 .
26 o Pl AR aUieR” B0 "a LSS 4Tl 1 i, iy 28 (6705, wherein
sditl depligagoHr f8dBO@eS i612, bA&D -Altiohh@alest andkitdddss radio-based

node according to any of the clainms 23 to 25, wherein
capmgiestivnatiséarmdde (30) is a base station (30) of a

wi rel ess radi o-based comuni cation system (1).



