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

comuni cation in a comruni cati on system and in
particular to network coded data conmuni cati on.
BACKGROUND A main striving force in the devel opment of
wi rel ess and cel | ul ar comuni cati on networ ks and
systems i s NEPWORIE COBED JAMATOMYNEN]GHNEON,
i ncreased coverage or support of higher data rate, or
a conbi nation of both. Further, the cost aspect of
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t ehef Ubiésent UviehtioBC elthleYallyherdibidy topal28y cofnmunication in a
wi rel ess comruni cati on systens has been fairl
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celbhythahifagtywer ks. The topol ogy of existing wreless
conmuni cation systens is characterized by the cellular
architecture with the fixed radi o base stations and

the nobile stations as t {tting and
receiving entities in th?ﬁ%ﬁ&@%@ cally invol ved
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information .sent _to _an Lntended destination i.s.. .
ric Bt Fridfgnoi el v BEREE R g Qb pegtfny generations of
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[ ndeggndent ly fromother jnformation sent fraom anot her
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relays sinply forward the data to the destination. In

contrast to those communi cati on networks, network o
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on the capability of receiving nodes to overhear data

transm ssions froma sendi ng node and destined for
Site pressodi-ddon gonudesicalivg nefvoerkst noenidénedebove, share the same
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sel ecting the data packets to conbi ne by network
codi ng and when deciding to which receiving nodes such
a conbi ned data packet should be sent. The
above-nenti oned docunents provide an inprovenent to
data conmuni cation in ARO based and nul ti hop networks,
However, there is still a need to further inprove data
conmuni cation in connection with network coding.



SUMVARY The present invention overcones these and

ot her drawbacks of the prior art arrangenents. 3 It

i s another object of the invention to provide an

efficient data comuni cation in a comuni cation

system These and ot her objegcts are nmet by the

i nvention as defined by the acconpanyi ng patent
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f orm conbi ne network co IS co ata is
then transm’tted by the relay node towards the
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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.



and network encode it into the conbi ned data destined

for the destination node. The invention also relates

to a network coding control system conprising an

identifier provider for providing identifiers of the N

mul tiple source nodes. A sousce selector of the

control system selects the group of M source nodes

anong the N nodes, preferably based on at |east N

c [ i Ity cp .and f DL s

anert o e opb i ST SREo AT L pEoPHE Bhf biigient data
i gentrfihgatioorinea demmofintdagionositstain. syst em f or war ds

the identifiers of the selected group of M source

nodes to the relay node network, which codes, using

t fibesel aod edthdr bbpnrts f uer apedatya theotmidigidvl sairdefined by the
nodes to form net k coded data to be transmtted to

t A" BB A 1 eﬂf\g\gg‘mﬁhe pur posef ul sel ection of

source nodes of the present invention in connection

th network codi ng and data conmuni cati on o )
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t $dedting it SubsciSHORTCRESTRISBTHGNNOeT HEL DRAVINGS (Free data of the
USSR 0 S, VAR ey T onc.
t@eufpobl o AMIHRECkbREdeORotiBkKed deRgeddeimong RhEh® source nodes.

gfco anyi ng drawi ngs, in which; Fig. 1 is a flow )
%@@ﬁ%ﬂpmxu‘%ﬁ JtURGeh Yais CHRIA VAT S Hpdhdyo but is smaller
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5 Fig. 2is aflowdiagramillustrating an additional
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comruni cati on net ho
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



Fig. 4is aflowdiagramillustrating an enbodi nent of
t he node group selecting step of Fig. 1 in nore
detail; Fig. 5 is a schematic overview of a portion of
a conmuni cati on system in which the present invention
can be inplenented; Figs. 6Ato 6C schematically
illustrate usage of link qualities fromdifferent
c ammiuné¢tmatrkommdadekid iatc dhdiqognbimedi ddter éedtirmnbdali tendsstination
of the invention; Fig. 7 is a schematic overview of a
p&PfFon of another communication system in which the
present invention can be inplenented; Fig. 8 is a

ram of a wor k codi ng contro

schemati c bl ock dia net | , .
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Sé:c?ae!sfarus%li TRA Sstected M identifiers, data from the M source nodes to

form network coded data to be transmitted to the destination node.

The purposeful selection of source nodes of the present invention in
connection with network coding and data communication significantly
improves the system throughput by better exploiting fluctuations and
variations in the communication qualities for the different source nodes in the
communication system. Furthermore, the outage probability of the
communication system becomes reduced, thereby effectively leading to a more

efficient data 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;



6 The present invention generally relates to data
communi cation in a comuni cation system or network,
and in particular such conmmunication involving network
codi ng. Network coding is a new technique that in
essence involves jointly codsng different information
flows together in the network. By this data

chihi Fatibor dlova disgrerk Hogtating e gdslitigpphptep of the data
t LARSHLSeLA | ti ng conmbi ned dat a,
tﬁrougﬁput,ngﬁgéﬁgﬁgqﬁgbgétness of the communi cation

system can be inproved. Traditional network coding is

a ied . to_asituatl [ |V t t el

nooés%f oltrsvvgr |On|V$g lé?llgg ornaﬁ’)lrsw%eiIJ \{/\%igk\gglnc%gllngh%%d%g}?hg{ the data
peomonmsichtien enathiodadfiig. ®f the recei ved data. The

network coded data is then forwarded, such as

mul ti cast or broadcast, by the network node to one or

nPig 4 Btefidedisgeen Vilngraode sn ethbodingsentf theveilei group selecting

in cl _contrast |s directed towards a sel ective and
pﬁ?ﬁﬁ§3§ﬁ1?§?8ﬁﬁﬁﬁ%iéﬁ;the transmtting nodes in

connection with network coding. This nmeans that the
transnittinghnodes are dynam cally grouped together to )
f Bigm 2 i s pehepatic naveyicew  RbrwBPRIUb AT fg COMHNEnifRtign; gystem, in
OGP 1k bRkes: alariAtePbe ilptdiHatd-ans and changes

in the radio conditions of the systemto thereby ,
dynam cal |y update the node grouping in an optiml way

aglapt Lt [ i | : :
PR FR L e SRtk AL e o kBl sk 8%om different
capauvitnicatien lihistdveprdingdondifieredt tmbadimadis pbitzd invention;
fixed-grouping network coding. Fig. 1 is a flow
diagramillustrating an enbodi nent of the data
CRigMInisCabeloamatt hedrdatwt dfea poeisanbl anvendd commiinisation system,

co nication method is inplenmentable in a

OO G ISy SEBRISRTHEIGE RORBRTRSHhg N mul ti pl e
source or transmtting nodes. These N nodes each has
data destined for a destination or receiving node

n
tiHE. < d¢ et schstatic hlogh dIRgEEN selupc BRBRIdS OoGiGentrol system
dégc%réiﬁg_ttoteﬂ?é'm%ﬁhﬁeﬁ? 88 tHOptdsRAS MvlenitPnt he
destinati on node through the comuni cation system 7
destination-intended data to a relay node of the

i cati LS d e :
5 B, SR ATk S BPTE: [IRFarBRE, aecopding to an
danbodisraitvddht moesentsimyendonpde t owar ds an i nt ended
destination. This forwardi ng can be a direct
transm ssion of the data fromthe relaying node to the
dagt il0ats ansdirgeatas otk afisgiessidna irslgl vodg ardotdipligeto another

hops, ..i.e. at |east one further relay node, in the
PRIt (RS R FIYRBUPRI 39 node to t he

destination node. According to the present invention,

a_next step S2 selects a group of Mnultiple source _

Adges L diftoh gehraalics blgde dingdad of g dejtingtiar ndg aegarding to an
QLSS ANREA DT #h 8 WRe§dnGhvERBOA! Source nodes is sel ected

in step S2 to forma M-node group of at |east two

source nodes. This selection of step 52 is not a

random sel ection b 1 C
selection that is EP@?EBX%E§§géﬁk%?ﬁggqﬁgggh on one or
DI 6uGRHTL Rhe adF Qi sal they s akarat @it caShafadibfd Al be used for
described herein. Step S2 therefore involves
Fﬁ@ﬁ?PP?ﬂHﬁg%F§HB§§¥eg¥n?%%%e N nodes that all contain
data to be transmtted to one and the sane destination
node. The relay node network encodes, in step 53, data
fromthe selected group of M source nodes to form
conmbi ned or network coded data. As a consequence, the
group selection of step S2 decides what data to
conbine in the relay-based network coding. This is in
cl ear contrast to prior art techniques, such as
illustrated by the previously three cited



t hereby take advantage of such fluctuations and

changes in the dynam c node sel ection. The data

network codi ng of step S3 can be perfornmed according

to so-called digital network coding or anal og network

codi ng. Anal og network coding refers to data codi ng at

die signal level. This neans that anal og network

coding lets the anal og signals add up through

sidul tan S.ir 1 SSi a1l et L] o
RO LA TR0 o i BR mipaion m o
t hemnoahiegtion. €ysteingnalnaddik, and iacparticulgr atuchheommunication
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melodyesnjodelydesaichgl diffeseranichfelecades floks twiggttadr iprihernetwork. By

(

to re-encodi and retransm ssi o or l.i and ..

¢ Bhheiaia sl Abdeeriy g B sty Bk irpagmission of
t ige reeRitMRd @ngBiRes) dalth, Ihedlighi, analaggdandt Wobkstness of the
codi ng scheme may consi st of two transm ssion slots. . ,
DEPIRGRIBLPR r SYStEMhecal} die NI ORFd s dipddigiflegictwork coding s
t éﬁ?ﬁéﬁ to dadifuoh riﬁvél@ff?g Bap Qralgﬁﬂt[‘iglgt HEISEEAMrding data to a
slot, the relay node forwards the interfering signals

t Bebhekderedding irsrlenterdl. patiertas dhe, corpaingitiggeobiiic received data.
f..t SHI ' t
 ERERBALIE BURR A 1o ARSI RAHARE A WU Gbroadeast,
cbyithg neeferisnode todnegpramord stpadkétreteivislg nademi ng
that the network coding node will perform an encodi ng
on the bits of the data packets received fromthe M
SOh¢ grepatemvehnioor dercléar dmisast idhdimetabtdwantd agselective and
node needs to posse decodi ng .capabjlities, hence .
P R o RO oh T Bt e TR POt T BROGE GG evith network
agshihgr el rheddy Shabl @el edanketiiveh 18tishargeiefaahicnlly grouped
tries to avoid interference between the,souaﬁf godes_ .
eRESHRA todgErhg Raséy e bifeitiay Nyt &tdingt Motk AEBdithg Srouping
SEReIRR VA RASALE Y @AHtbE s T E® chhRBEN;iS SiHNr£di8 Soridi@Bns of the
anal og network coding to deliver information. Thus, ]
dRisteg toniarebs tdygiaanically eupdatesthephede gromping in fg optimal way
S iBnFREMIG; | th
TR E 18 B KAl P AR OB EREPAR, jpaprove the
restségmniddeughgus cuaoh capecity advienAfurtloeiess repaeatt to a traditional

thei at a_packet s, ring the next tine phase, the
ne‘%%%%“€%agﬁ§ n8§§CB§P%grds t he network coded packet
inaslot, In fine, digital network 9 coding requires
ly Al +1 transm ssions in contrast to a classica
&ggayilng‘ssfst ﬁﬂ)fvv\h TS tlﬁ]%’ﬁg’i‘ﬁt% ofrs ﬂ%b?%(%@?ted(?f the data
Tdeenghh gli¢ o ehahkdc i Be t PAdse@@nid@ritsgd agger domgnunication
to the present invention is preferably a |linear datﬂ .
dBrtha Hgimpemfiiadloin suermmHEarlioR SHEHIN | Hopeigwrk comprising
SHTIRG itQfle QURlc@ B SARIGHATIABINEded Th& AVSnbhiel tach has data
such as "bitw se XOR-operations, and
ifsstings-fop ér destimatiox@r Isiceiving nededti thy swstany glyjus, all of these
é‘é)h&é’@' fio§&¢ O%ﬁk%iﬂehg@éj H?%a‘{ﬁ%é Ofyolfi§ BkBUPL Chibbrsmit to the
her codes may al so be used, suth as an erasure code
|[ddstinRtiod Bulottmmugdh tie cespachicabionhsysRemd Sol onon
type of coding, the sane operation as the XOR
operation between two data words is for instance
Aussirelieod fstarne ineflectptianshstepefedwRSre odea itdin &t kadt a group

and wi th n=3 codewords., The n-systenati c codeword. .
P o it i SRR 00H8R S White ) wBODTT i SR GReitir Tespective
words. Ot her erasure codes or erasure code oriented

encodi ngs may i nstead be used in the network coding.

Instead of operating on single bits, segnents of b

bits may be used for the network encoding. A Galois

field of 2" may then be used, under which addition is

the encoding operation. Wth this notation, the XOR

operation is



just an addition in the Galois field of 21. A further

exanpl e of an encodi ng operation suitable to use in

the network encoding is based on the nodul us

operation. Per signal constellation synbol encoding is
considered in the follow ng,7and the procedure can be
repeated for nultiple consecutive constellation
syreptinatiomtatensthg dataoper atleomoede phtheh¢emaxamgheion system. This
peLf.ol - nd. | i .

" THeRCEEs AR RASURE, SIDHRADZE AR ot that forwards
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£ servatjon that:. i Thus, e .
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oo RRR e perta 1 Hin et i PArD g R benisig node (o the
t desthoaesn mddel M ted of the (non-linearly encoded)

conposite (network coded) signal. Wth reference anew

to Fig. 1, the data transm ssion of step Sl in which
dakeodding tat thegebsdriteies@ibit e NRIeSstepl S8tRdedt’d St@Bup of M
52 is transmtted to the relay node can of course _
i AVytiple solafcedaedes papnghidier dhepurergnrdes Inodus qage 2<M <N, in
abBRrSehiqd npd r r&1edihe @D S2 to f
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R A L8 4RI B Al fyiom that i preesably
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apticipated b he i nventi hat. sone of th e

B e A Pl enith o e YoThaRraray Mphling a subset of
befmeem hedaedBagniiugorseliedtarno seumiMediaslescnmyd the same
transm:t datg during the selection and sone may

f deskHraiidaPadeo the relay node fol l owing the sel ection

of step 52. The network coded data generated in step

S3, for instance based on any of the above-di scussed

rethaeley nade pakseik eeecdes, on stenartisiqtpritometisr spiseied group of
hﬁ’/lps.)soh(f’cé hﬁoggsc't 'tﬁ atfé)x‘?H Q:%gr?oih@d.s’to?p r?Atwogﬁe coded data. As a
destinati on node then processes, 1. e€. ecode, t he

comsienedndat due grooip a¢lactibe dfrsder iSQudtcidas avipaicdatiasto combine in

i.n i f t Al _spurce_ngdes. Th .
AR, B OB dus b S alls AU Ery Mo eTear ofo g to prior art
tteahntdheesgdestdinasi Busteded pise theustaridady riénee vatedinternational
will later, receive from a subset of th source .
deient Anpligahigna) They TEls6nEti e Aathor ouBRBY ke form of
afitairkRScodihg {4 amdvdseur eamt Hhga dasdiipflet Hestingten or receiving
need to have access to (individual) data from %-1 of .

elgre g exploit data
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APRrhEL168 3 irBahbOThOAHSH PR EYS QN dhdtasad &S BUBSnSmitted through
data packet bl froma first source node, either

dheesystyns rand thereladecasy afabBudgh thieuglepul inerease nfhe present
b Sn§3MRLEned Y 30 €nP iderdhgidkechnigue that

r%etv\oriﬁcog?brl}% %%t%ﬁtg?%%ta pac%%}g&g%ugcz, %3 %ar%cml%lﬁlée ot can
ther secd sleparaid Hom o modesomplepent 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



11 conbi ned packet b, b, h3 (e corresponds to an XOR
operation). In such a case, the destination node can

use the previously received data packet b, for partly
decodi ng the network coded packet and obtain a partly

decoded packet hi e (hel 0 b2 e b3), b2 e b3. The

destination node then has to await one of the

r eh@ateblynghkdabhdvpaiciget of Buchrilib@uationsdend tchaigeai im the dynamic
dec%ded versions of all three packets. This awaiting

ANYEISE i vely be replaced by a direct request from
the destination node of one of the remaining packets
fromthe rel evant source node. The nethod then ends.

Filge datpsneiworkgogditag Phsiat Sa mfo@rﬁe@@r&&i BFefTAlng to so-called
Shghtaf nERefatbad YT NusabE CReRIrR0do @hgl Nen#MogSBlwork coding

i nvention. The step S10 invol ves providing or

estlFraiy idpla pedipaci ke SERnlevaL | Bisquneythat analog network
PBH& i ef er . I
B g e
i heobyelstidng it siggadpidhiarferpavdhetants other dstontipniallg. With the
0 respectiv 0 ' l ' i

© Rt 1 8e St SO, SR B Y BT B el Biked on the
prafertgpkydifferéni apgréarhesaate ghssibde, Nsscurase deodés ,and forward

giving at, total .of .at |east N.quality paraneters. .
cisvisverBaed Rpadlais T Rchn® The e il dyesncqaing and
Cf&gﬂﬁ@ir&?@i%ﬁ)t&r @m@miam@dmwa&ax%p@rﬁaf?tm@ fsilznplg amplifies and
subset of the N saqurce S, .in iC ewer .t N ..

olRERREgS ghf diespived signelialt shost, Apanalpeiet¥ieh coding scheme
Ohalyl bynSist JTeHAS Trafahisdieh BeSUIBRHegOfth& dtsBttirh€adbt, the M
be éstimated by the source nodes, the relay node, th

e
dRFURIRPG Hodee datatdeihnsrmst kapdad wfngle second slot, the
CmNheak! ?&ﬁéﬁ%tsegxhgaqlr@&féﬁguéﬁﬁ%ﬁg' 9 1% t B&stination node.

present invention. es of ch’ qual i tfy paraneters
i latuedered ehgy tiagteaniitisr betaratnd dhe mambepofaemengssions and the

T enﬁbﬁ?ﬁ%ﬁ%ﬁ%ﬁ%ﬂEter can be representatlve_of_the
conirini cation delay occurring fromthe transm ssion

time at the source node up to the reception time at

T L O S e
stheAnass bhit fled @ctweii evabigenote Will gafidrmianthoodingnén the bits
g(gfgtg“ﬁaega’ctahgacsl?e%g Crgcera]igfgg fgonrn ttnre]eMr %L)a¥ceo{aoggss.t f.nng}&e?*nto 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



12 A preferred quality paraneter that is particularly

useful according to the present invention, optionally

in conbination with other paranmeters, such as del ay

and/or data rate paraneters, is a link quality

paranmeter. In such a case, sgich link quality

paraneters are estimated in step S10 for the N source

nodemg Ezi(gﬁﬁés boly nf enfienaseesaods noi smiratti @ @SiMRjical relaying
and si noi se rati o (SNR de two exanpl es

oPvsiept eyt (B et Sthird B advant ageousl v be

used according the present invention. Wth reference

to_Fi 6A, a communication system 1l conpri si N. 4
sab@cglaa@éegetfoorklﬁodm thel ¢an e s sHecsording tp the present
dasidfid & }ﬁ@ﬂa@aﬁgf bshﬁgihe Qﬁtté C&Jrh%ridlzlguﬁxraﬁhﬁ@s dfaghich linear

sour ce node 10, has in this exanple

cHatade altl¢1@de|swrr@rtméh@\fﬂﬁea prgletgumingd b it Galots field, such as
e sbgd, At | east

sgﬁggé% thesgle (&nga%%§E%BQ&UQQ%ER%%§%gurrentIy

experience very low SINR or SNR so that a relay node

20 S +1.nst yed f h

2RI TP RIS [y LU0, Lhifel EQBATASRRRse of s
t bienighdistty n@then codaenzd. albo teucted sm;éleas theerhpnke code like Reed

q ity p ters | gyed_accordj ng to, the res nt

i ﬁ@ié)ﬁ?g%n%gﬁge é‘%ﬁﬁ%ﬁ?@doﬁ%ﬁ Reg %P%ng%ﬁ’\ B@S 88 pefiige the same

| biprapiiaEet gis X@pr epenttain wetwéer Neve Wate norisalis tfyr instance
the, co ni c ons link 40, 42, 44, 46 etme n

s%%se@se Oripy Selests 13 ShRTLERA 8t s | WHD3 t@ with =3

| LbAStEaketHEmIMEySai® cAISRSIES PR E‘élréls\é@x't ih¥tead of the two
par amet er represen¥at|ve of the link quality for a

d@xmﬁﬂ APReH |W<m@18480b1é@1vve%r@5t1ﬁ% pefley @rodaasprangede oriented
estcf mat %é ﬁ%ﬁ}d%%g%d :B%q% e @nngvent I on. r¥<| ﬁdctﬁﬁgs case, the
qual ity paraneters can be estimated by the individua

d a elca
SR, RELaehPhs M o FE NG DR 3 Y SRR e T ror ne
rh@@t@vdrﬁatan@@cﬂlh‘gr 33 GBE)@Q‘}HI&eoiS@”eﬁia}Drth@ﬁCBé dumi tander which
the present invention, such as the destination nod

(%@ﬂlﬁ@nd’és@rel BRePIDE IRST 2 eR e PR Thls BPFRtOW dihy, XQ.R ?Heraﬂom is
n can be conducted by

%%gk ($%a%§6%H%%He 8§E83?959||nks with all the

sources 10, 12, 14, 16 and the relay 20. 13 Fig. 6B

il lus rates an, al ernat| pproa ar, ¢ant t
b R Rila o SR B Er R aRPa R §REuRARte networ
dynﬁmmﬁgqyabsé&c@fﬂﬁpﬁnmmua@bm@aammmkseﬂé%¢@3poAS&ﬂMﬁxn1synﬂxﬂ

betmeen t he so ce nod?ﬁigg 12, 14 é$ and t é ted
(U IBEE 4% §°8§’c § lopigoagf Eggproce Mrgoca% ¢ repeate
rfgl auHesik | ddalseentivé Rondtdlation SPmbees. Upgs MiegiResperation is in
with the N source-relaéA ualjty paranmeters. The

phisssrEPle sxarfrrniash bpEh e Aae 5@@30 asfyimagingrrearpyndependently
tv{}‘ﬁerﬁ &l QYA decoggpl%& ARG s p%ﬁ& O fBge bY deli® iSO §€the modulus

nodes 10, 1 The quality estimates are then
rogsoatied sl tmerrmtb@r@él@étomgr\mum thateh as the rel ay
node 20. Fig. 6Cis basically a conbination of the
situations illustrated in Figs. 6A and 6B. This
dhod)neal B )aviddes(Anmdie conpl ete picture of the
current link quality situation in the system1. This
means that for each source node 10, 12, 14, 16 two
qual ity paraneters are preferably estinmated; one
representative of the quality for the
source-destination link 40, 42, 44, 46 and one
indicative of the quality of the source-relay link 41
43, 45, 47. These in total 2N link qualities are
advant ageously conplenented with the quality paraneter
for the relay-destination |ink 48. The different
conmuni cati on nodes involved in the present invention
traditionally has equi pnment for perform ng regular,



The data conmuni cation nmet hod of the present invention
continues fromstep S 10 of Fig. 2 to step S1 or 52 of

Fig. 1 (depending on whet her source-torelay

transm ssion occurs before, during or after node

sel ection). The sel ection ofigthe group of M source

nodes anong the N source nodes in step 14 52 is then

pé‘hﬁl@r rectabagkdosigasl beash ke qsxmpd:mmpoqul ohex atdlyvadlikd signal 4

g.gn o%%é%gﬁ%%?%%ov%l%g 925 igéﬁzﬁ ‘%(]i( ?%r&%iag 'thg 'siglrpal A does

sebeosbacegd ofhet traanﬂmﬂﬂdsm devefls Liypaehitte pra daefnphmdd la&d hence the
t t t
SPor BTy RO A R PUShabd, BSER) SLralllc g oo

asighel, source-rel ay I|nk quallty paraneters. A
gual ity-based sel ection of the source subset of the
present invention can take advantage of and exploit

f et vedet oS ANy 8 it ot ddtal REnSHREibRRESEED S1 in Whlch data
conmuni cation qualities, in particular link qualitie

f BPE Bé least Bredl soUceaafinteselsgied i ﬁ?PTﬁ?slSntéaﬂéémltted to the
tfkq&%g{od% ghy ern ctoh'i@e ﬁ%l@@?ﬁgt Q8id B l{ﬁle'rje}hammg N-M nodes

paraneters at that tine I rst optlma sour ce nhode
gisoalsowichit thehseakelt rode. Howdhermone, theoldertransmissien of step S1

AL BB s SR PRskdh W By SHlkBpgpated in the

ange a seco
f)@ﬁlramllri alleungigve @dﬁ)ocﬁmem&? edlde sHHtectredsbassdnais perdormed in

ual i ar,ane Thi vi,des
AT R o n R e RRAE SEI St Thplea Ban R g anticipated
pbymﬁetmvmmm ithAt sbimedofftdiet M Worirce mvadds rfﬁajr tftfnsirhﬂ data to the
t|on the | ural _nunber M co

sent
p?%%ﬂoﬁi@d REE % S@9e | §TOBRCHEISCUANR eSOTPR O l%s@ é)@geg qnay transmit

aiskPeh-RiARhY Racam! erdasat: seheabiwArdfddtheto the relay node
present invention conprises selecting which particul ar

sf@upzé@n&éla%ekwﬁﬁg afiféeiINSHodes that shoul d be grouped

and handl ed together in the network coding. As a

consequence, M nodes are selected fromSI S, , SA"

Viflee ereswork oke digagieesratesbir stemn&de foninstener hsged on any of

| SO0 0h ORI LR N8 8 MGl 7D or more

nmeans it of sou
noges itc ted eutetssématmmtre:pieSZnofster gS4l T diehstteratmn vegode then

enbodi ment , of ent ven t sel. ects
Geeer R ot Endepa i tiasuPie (RlkeldiaBEudF Byl data
|mcg®tsbh@mrﬁmn§>ubn$fmhlthe Mhaeut&zsenb@ésal nunber N of

source nodes having data destined for the sane

destination node. The nunber selection is preferably

basedifn rBei@slli ARl CdefiBhist Ys PBFAERILE ShRstd (G @S0 that the
or instead be perforned based on ot her ‘sel ection

tigrs nogte Previguahceas reecived or avill lnkfroiergivedrom a subset of
At 'A?nes%urEetﬂgdéJ‘r dMeRhNal ?Hé‘l cgﬁﬂ%@é‘%e network coded data

applications, 1I.e. mat i on" o ata packets
foomtairtseds g froen ereomm the dsstiniatian nade ageddior kawy access to

raﬁ'ﬁil{fl%ﬁlec’}l)\/ ?1%:& %‘grg RF— Pso%dtﬂéq AEI hgoﬁleéeeﬁghgg. ?I)r lt{'lstance, assume

that M =3 and the destination node previously has received a data packet 5,
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 5, b,, b, from the three selected source nodes to get a



Once the nunber M has been selected in step 82 of Fig.

1, the Mparticular nodes to include in the node group

are selected, preferably based on the estinated

qual ity paraneters, anong the N avail abl e source

nodes. In an enbodi ment, the.grouping of source nodes

according to the present invention is perfoined based

orooptinmi zatckeh bod bah bolhiPecoireeponds os anf XOR dperativh).sin such a

enbodiment is illustrated in the flow diagramof_ Fig

3 cashethrpd ersinating Pﬁ@@§a¥1rléﬁ’ﬁ thfepp@@@WVerﬁC@yﬁqi i rpgicket b, for

%)fea?t n‘? 186(90fd1§| gthez etwgﬁz( t ?p tf %r&ulo tt T %nEJartly decoded
zes an obj ective or €65 neti SS Foorder €6

seherét are Qp@lbg@lb BONIEE . Meed@itoitiorl 8bdd thpp @, #6 await one of

, p1c) be the ective function, which depends on sone

qtia¢ irtlyla[haingrréiterpqwik}%ts b= 0K 4, inwhdee te pbtze‘nabﬂcpded versions of all

Kt hough the invention can al so be inplenented w

f SN PHpRLs phirarsYafig fidh At REnHiYAbe Peaﬁpéa&@ﬂééf { direct request

NGRS the-RstikafioN nod€bf Enborithe &%ﬁwﬁh@bbcﬁ&%sﬂr@ﬂrﬁthe relevant

source node groups. |In such a case, the group

s&pared Beddf the present invention ains at deternining

the best or optimal source node group that satisfies

AG: cr = arg max JO (1) where Gis the source node
gTbapnethod wedesndat i sfyi ng the optini zation

criterion. The present invention can be used in

connection with nmultiple different objective functions

| Rigor @erist @ djpty ndizgraxn aﬂ haeyeeférfdderadditionpat estep of the data

t ar get |on criterion co d .

{ FPGharRatan, ARRhI O 386! Bt FiveBhoto e qeeny§10 mvolves
Iprdd‘il&rfgomfurés@i@idt&ﬁg sasf@épecﬁmet Remmaxamplten sqddifty parameter
maxi m zati on of the g;ta rates for the source_nodes

t HREWREEMIRureRpbex sagh 8 thacl LRI A Ea R G DgF Words, step

04 @9prdIE ihibes '@ﬂrﬁhﬁﬁ% Qhaliy b@?aﬁﬁé%ér%”l‘epresentaﬁve of a
capacity and avoi dance or i mzat'ion of

| IRSPEF e eeenmurgcqtien reudlityapeeciated; Ratlpridigeapurce nodes. The
'é‘s\{ LHBA bF stdf whilg Zi‘é %G%E\Bgr éﬂe“?) e@a?&‘ CHLRT dof the N source

enment ati on “exanpl e “usin network co
atmfatieﬂa)glvmngaaﬁ onalof ahbiastlmf cqpalityt yarafinethes. However the present
ST 1o%atcla%n ads t g 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.



Let TS,,K , SN} be the set of all active source nodes
havi ng data destined for a destination node in the
comuni cation system In this illustrative

i mpl ementati on exanple, M= 2, i.e. a pair of source
nodes is selected based on optim zation of the

obj ective function. Let di sti nct source nodes
belong to the set 1' . Let 7n,n)= a, —s,, denote one

ofy ;
& PR R RS BT S & bRty RS deopgine o the
ofprﬁh@lfsmyﬁneonodpﬁosmw $! camgbinla¢ionelvityy oibete fRrameters, such as
Furt her ass ne that .t source node
o RRE B b i Aol e B el SRS G Eitemym such
denedlegchhhn%&ﬁmdﬂglgaahneﬁﬁely@ﬂeénﬁﬂné@anrsk@y8101brthe N
g%glel'gc%he L h%1g uaT goaeralgelr}é{‘ehge ge{ﬁlf nmge %teign(SHr\]IB “and signal to
noise ratio (SNR) include two examples of a link quality parameter that can

advantageously be used according the present invention.

With reference to Fig. 6A, a communication system 1 comprising N =4
source nodes 10, 12, 14, 16, a relay node 20 and a destination node 30 is
schematically illustrated. Each source node 10, 12, 14, 16 has in this
example a communication link or channel 40, 42, 44, 46 established with
the destination node 30. At least some of these links 40, 42, 44, 46 may
currently experience very low SINR or SNR so that a relay node 20 is instead
employed for helping in the transmission of data from the low quality
experiencing node 16 to the destination node 30. In such a case, the link
quality parameters employed according to the present invention and
estimated in step S10 can be respective link parameters representative of the
current quality of the communications link 40, 42, 44, 46 between the
sources 10, 12, 14, 16 and the destination 30. As is illustrated 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.



cEgmn))=log@+ max(r f, ))+ log@+ FR + min (r,"
,(3) where CC' is the capacity of source node S', and
S" , respectively. The proposed exanple optim zation
criterion is to nmaxim ze the sumcapacity, i.e. select
the source node pair C that jgaximzes the capacity: G
= arg max C(Gm1l1ll))(4) G (m n)e G 17 The opti nmal

ngde B hillhb@htd@¥hMhEesmithe S ?ﬂ?ﬂr@@cﬂﬂciﬁ wl&@fr thetrast to Fig. 6A,
communi cati on system can be se ted based on an

eXNAULY iRAS ABAPIENT BRI PREI 1 BiceAivnamiq eragly p§ cgpmunication

S giideCa OQ?S 45 @W&%eeﬂl AR B9Rrceenbads by eomaih Q@Sand the relay
can be e Yy, In ad vance, omt one or nore node

paiods 20 aatreaﬁSélm@f@dr@eatquﬁ Dol Figurd- iAdep yhe gelspt flastaation link
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B S LUDEL O byl O, ACQUERCATRY Bl yPctcs
[ nd| Vi dual SI NR par aneters for t he source nodes | f
any, node S..an

o b6y Cshe e PSRBT B A RREh pEIRAER thegglay node 20
t be smariod. péﬂﬁﬂ»ﬁn@ml |y tthensbadmﬂ:mdda:e @Onplmxmy $. The quality

oﬁﬁlﬂ%ttle%n&égt G}%guaggoor I& hto ttye %r esge?e(gc ggno‘ae sucﬁe g( the relay

node 20.

Fig. 6C is basically a combination of the situations illustrated in Figs. 6A
and 6B. This embodiment provides a more complete picture of the current
link quality situation in the system 1. This means that for each source node
10, 12, 14, 16 two quality parameters are preferably estimated; one
representative of the quality for the source-destination link 40, 42, 44, 46
and one indicative of the quality of the source-relay link 41, 43, 45, 47.
These in total 2N link qualities are advantageously complemented with the
quality parameter for the relay-destination link 48.

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



In the follow ng, a sinple exanple is presented in

order to quantify the gain obtainable by enploying the
present invention. Let T = sl1,S2, S3, S4} be the set

of active source nodes in the conmmunication system and

G be the set of all the posgible pair of source node

groups (M= 2). In such a case, Gcontains 4-1 Ei = 1+

282 is thendpéffemaed wserdcennatidesti RspGtiom, paderably all, quality

S?%%%?g}s\’/&grg%te{isg %Sg%ot&ig?% 8@,3 %(61 %.L(é%s%g’tggpurposeful

- $Gurcd:,nor;15 g®up SchtioBd oflihe sm@mmm i$ snate BIfRdent on the
t.hat

FPamEReT ol R L SRRy i R Ao gt e on e

c a@ﬁmch‘ye gbukdte dseinddieanndg os isoplye-eelhg tindt @dalibly parameters.
usi ng equation 3 above: C(G= {5.53, 3.87, 8,50, 5.56,

8. 85, 8.53}(5) The source node sel ecting al gorithm
basgda®y-PEsddTEEabiion oIftHeNSo i subset of the present invention can

take advantage of and exploit fluctuations and variations in the experienced
communication qualities, in particular link qualities, for the different source
nodes over time. This means that at a given time and based on the quality
parameters at that time, a first “optimal” source node group will be selected.
However, at another time the commmunication qualities for the individual
source nodes have changed, implying that a second, different “optimal”
source node is instead selected based on the newly estimated quality
parameters. This provides dynamicity to the source node group selection of

the present invention.

In a particular embodiment of the present invention, the plural number M
could be predefined and fixed. In such a case, the selection and preferably
parameter-based selection of the present invention comprises selecting
which particular source nodes among the N nodes that should be grouped
and handled together in the network coding. As a consequence, M nodes are

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

preferred implementation of this embodiment is to have a fixed A 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



capacity will select, in this exanple, the node group
G5 yielding a sumcapacity of 8.85 b/s/Hz. Hence the

sel ected node group in this exanple will give a
maxi mum gai n of al nost 130 % as conpared to the
"worst" case, i.e. group U, ,;s5and a nmean gain of 30 %

The gain achieved by the present is invention will
békeratepapkeisrisopy Grounues neste thatde deshimabiosanedmalready has
SYSLRRFOIR 3] DA Ehd BBfconmrhySour ce nodes Lhat

want to conmunicate with a sane destination node, such

as base station of a cellular radio-based
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sabdes itnginshiege iim thennedé i goup bhe eplectid aprcderadily drmsed on the
objective fupnction. The method ,continues.fromste 10
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group or pair (ill =2) of nodes anong the N source

nodes. A _next sge§1531 caquIftes, basgd on the 1

qtfald™ § Per e EFP RSO FORT gpnafies greprngsto the present
t hevepitfopUtis ObetftBEmef) Baked eohURGtin®RatiSHChr agnt BBjexfe or cost
capacity of the system according to equation 3 above,
fg}nth_él-smﬁ@EO%%@lfg%&b%stAa%@xtn daeplogadiagram of Fig. 3. The
| pyesbl adhesuMethsy il Ea?éx%'t&aéﬁn%ﬂﬁ SstBpUS1 PR Fig. 2. A next
tested. If not all groups have been tested, the nethod

r gtepr R0 tlormudges3mdvhptionizenan ebjediidane grstidugetgp in order to

[ t ; ons n h 0 of .St eps; 23 —
EI, 50 SRR, SR TE Bl alet U Pude Sl B ot obletive
| il dIRICaRRIP dRBeRADAUSIdBe SRRIRY. pAIAUBMRE . {8, WaIK K, where
mentioned in the foregoing, sonetifres the conplexity

opraférabdpt A &2 ahioghptioe advdreicakahealse duc edpbymented with fewer

omtting certain source nodes, .for instance hayi

SRR R BRCFSTNFRATh B0 A TRRCRRp EP TS CeR el &y 1 < V- Let G be the

et aFHINGodéiBlca¥ouitavihdide r&@%@ hadectPal QWe TE1d¢ @ro@p Gelection of

The nmethod continues to step 533, where the objective

fHASCPTEEIE dngprtion Adms ahidstepioing Ahe figshioraepmal source node
r knval vesyi denti fying and sel ecting the

E%I%&?dg{gékgrt%ﬁgétﬁg)' opti m zes the function output,

such as maxi m zes system capacity, mnimzes del ay,

maxi m zes data rates, etc. The netho hereafter

continues to step 53, wher eGdateghaxeh ;he source nodes (1)

of the selected node group is netfwrk coded at the

relay node to form conbi ned network coded data. The

data communi cation nethod of the present invention can

pehetiep e nenthed spwregnpode rgranipcal ivonneyest eatielyipnghagptimization

r&‘?{t?%% codi ng. As a consequence, the invention can be

appl'ied to both wired and w rel ess systens, where

W rel ess radi o-based systens and networks will in

pﬁhret ip%lejlsgnrt 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.



19 benefit fromthe invention. For instance, the

i nvention can be applied to a peer-to-peer network

havi ng di verse connectivity between the nodes in the

networ k, including unstructured and structured

peer -t o-peer networks. O herignetwork types that

benefit fromthe invention include nmultihop and ad hoc
networks. In these types of networks, the user

t g4 x%%!liﬁa‘&gn ?%é p%:ge al@)@@hﬁaﬁfls?ﬁﬁgﬁ"%k&gb?ﬁw with a particular
routers, repeaters or relay nodes for other termnals
amohphodestatitoe exainpid ysina tdigipalck etveorirecodingemnd fmerinaization of

S e _node t.0 a-destination node are typically routed

¢ G SR Bl BRI HPBM R BPESEiER Dot ore T eachi ng

t he destination. An ad hoc network is typically

c letely self-grganizing in_ that the routing th o

a nPnEF ﬁrédgbéhgi Sdtﬁ% yoﬁdg? MIHMS FOPT Het q%igypng data
t re hapd t ' : er, .
o aeT ool BT aNE OE, AL YRS EP RSB e Ehm. m this
ndtusteatdss aniplgmentadibrhexangilew ik = 24 f.ar thenirerBAmpliece nodes is

e GO R Ana T b oY Gl Birer Bt i Jufdion.  Let

rel ay nodes. These relay nodes conmunicate

P ok rel @?3& YoW U heOtihe ke pefrvar onQi@)?es coftiRafisngd SR uping two
station, “anotfidr relay node or a user termnal. Fig. 5

is an illustration of such a relaying comunication

syustett lsoukbe SysdLWeloris thagrdsan 7a cat lehan) =G, ={S,,5,}

approach, in which a base station or fixed netwokk-iw-m
node 30 provides comuni cation services in an -
ag&sieadrRdo COIHHSIolel i cap &ids Of e.CE[h, 30 G ABdan > m.
consequence, user termnals 10, 12, 14, 16, preferably
nobil e user termnals, such as nobile tel ephones,

PELS 9nalr dé.r%l tIal bgstﬁlteséﬁ‘\fﬁ %t othec(?&%‘tat%{?% WOFZIF' (%Lﬂi%}lag;cﬁ?rce nodes

communi cation Facrlities, presen € ce

e : . bt )
W elsessl Y 1rOFBIAY SA4E M I’%éfeggm?gz ﬁﬁlgéﬂé?égégéeeyi@t the source

fi'guré shows a rélaying no [

_txi@(iicﬂé Rath thei Big&illa@’lp”SINHlm/\@éh evdedratret Yare f@ﬁﬁﬁecﬂ_&)yaflecoding the
illustrative exa as other comunicatign term nals
ARARREABENS] Feasitch G RBBPES 4 PPREd T REPGICHBESDRAR IS given
q%prate as relay node 20 according to the invention.

20 relay node 20 then performs network codi ng on data
received fromthese grouped nodes 12, 16 and forwards

the resulting conbined d the base station 30,

which is also the destingiégﬁgﬂagg”?gT that data. Fig. 2
7 illustrates @p(f 19 m & (Ub0] PRRI AT adnhoe T 3
system 1 haviég Su???ﬁ#g(né¥méﬁk’a%dgg(lof 12,@%ﬁfja6, ©)

20, 30, In this exanple, four nodes 10, 12, 14, 16 are
regarded as,  source nodes _according to the invention as

RS Chaw é1tthfa 16 Np &aPRGHE B SPHECE BOde dbs BT Hatii- JASREdE Y-

30. A source node 20 perfornms network codi ng on

received data froma selected group 15 of the source

e proppsdd. eXduaphet vptiknizated dataidrs ishegp maximize the sum
forwarded, possibly in one or nore hops, to the .
CAPBRTRED el o HEg o8ty P 0 Bhalsmgodiirsipeiticccapacity:

bl ock di agram of a network coding control system 100
according to an enbodi nent of the present invention.

The control system or unit-100,6Q7@)},585 a general (4)
i nput and output (I/0 wunit ﬁ@@nﬁgganged for
conduct i ng communi cation with éxternal units and
nodes. The I/O unit 110 can be inplenented in the
fonii of a transmtter with connected transmtting
antenna and a receiver with connected receiving
antenna or a transceiver with a conbi ned
transmtting/receiving antenna. In such a case, the
/O unit 110 can wirel essly communi cate with ot her
termnals and units in the comunication system
Another 1/O unit inplenentation is in the formof a



21 The control system 100 conprises an identifier

provi der 120 arranged connected to the I/O unit 110.

This provider 120 is adapted for providing informtion

or identifiers of the N source nodes. The infonnation
provision is preferably perfioi ned by the provider 120

in the formof retrieving Nidentifiers, each being

associ ated with one of the AT source nodes. The

| digft | §h@hall etfdcv 3hatpy (hile IASRLhLEST (REOWHR" LRRclS of the
preferably perfolmed based on and anong data recerved
byontaupiaatign tsystean f eain lag otehested obles¢chpire rant edhaysitive search
or an external network node. For instance, a base

staanéigf thelestii diffdront nedgle gamtsabNsoardd sibdes. However, also non-
currently aetive nobile termnals (source nodes)

c ' ' | tagjo [t . or a

I %as Hé%ﬁééhg?qht}gﬁé %Ptg? ? ﬁl}?ﬁ)}geﬁ? %g’n?jaﬁﬁg%ﬁgeﬁegrlﬁnm%a%l nore node
t peursbidaft ereaedactiddoas meghlyQuuitk¢ly tbOomnthizesed: byjettiee function.
identifier provider, 120 f.or praoviding the source '
nofie iR eeiiesotnel ol BEHSHRa AR o THiziGaneq, by finst
t hevesoightiab s edividitil f SINTS glgabhidigrd fier ghouwpuete Alodes. If any

sour.ce nodes anopn N sourc odes. The sel ector

78647 Gasg psSratisk SRR fropelat & iedgRBr g aBfSiold Toms, that
ahbap g€ dnhi@fedPRHHP R BEaRHP MRS SEllulhendiiRFeCtHROSMplexity of the
group selection based on quality paraneters and nore

pPEEHZHIGN Blcatham by Histssar dingdeso ikl aptiows) sofpegoups.
function. The /O unit 110 then functions as an

identifier forwarder and forwards informati on or M

i Heilne follawingf at sienile sxpreple NG Jugpertatogesrdas) locqeanisly the gain

t I ) e M tif] ersrar

¢ OB R o o Bbe SR rat PSS ehEBE" el Frelfir agy 5. pe the set
ngdgctiitakoeRRANGAS Ihen@ebHahuARMRIKsFRehNEnaNGABE &he set of all
fromthe source nodes. The relay node then utilizes

t He Rpsaible priredfssqugce dwste grpupisat dat b Inoswdn®di ¢rsey ¢ contains
ferm network coded data to be transnmitted to a

d®st+ napior: hadifferdift sbareomtodel payst e {00G|,s7,) Gdeeds,}, where
i /pl enmented in the relay node, the I/Ounit 110 sinply

for dst j tifiers.tio theyne rk cader.or
dgtg%;e‘il} [ ggi:rh@’gsg}]’t fﬁg‘%"‘ig‘t}en iT fi%sgmeér:e{%gv% tand%{@‘{&’&*}'
f a dat a,or .recei ver_huffe r th
168 et AL S KRt A s, bbb, SRS IH B of the
thRRcE RS de |§?}’A@9gﬁnngh§1§|t/ t3eUBINR 1O PSS @EBY! Mode is T, =10dB,
conprises or'i s connecte 22 to a
tthens thé tairht capscey \ET tiw et agt eanabeguimpental@ilated by using
transmtting the Midentifiers to the relay node. The

o8 ¢ GHOME* control system 100 preferably conprises
a paraneter provider 140 arranged for providing a
respective comuni cation quality paraneter associ ated
with the N multipl eCl60er{e83.Betes 50,1, B&S St er (5)
provi der 140 can be arranged for retrieving such
paraneter data frominformation received by the I/0
et sdhibed rmMeaReRxti@Enalgodithin Wasedden hiugueiutéon of the sum-
case, the traditional|l enplo¥ed comuni cation quality

FERSGIY ngilhrfeledt iiﬁfafll“%ge?ﬁ ol NG G5punsEs yielding a sum
SEPEHEF S} €80 A AR TREriSRE PP BPri Bl exampte v

Q?Fﬁﬂﬁhakﬁﬁhﬁlghﬁnofagmaed&GOUﬂ>aﬁemhmghwdik)ﬂkOﬁmmsf’cas& ie.
al | owi ng the connected paraneter provider 140 to

BEVYR eVe R Farasrit &amr@f?rﬁphg».r& i gakn [achiviesk Pynthe present
In an alternative approach, the paraneter provider 140

itself conprises paranmeter estimating functionality

that determ ned the quality paraneter based on

measurenents performed by a connected quality

measuring unit. As was indicated in the foregoing, the

par anmet er provider 140 preferably provides link

qual ity paraneters as quality paraneters. The link

qual ity paraneters are preferably representative of



23 each candi date group. The selector 130 thereafter

sel ects the candidate group that optim zes the

objective function, i.e. preferably resulting in

| argest or smallest function output depending on the
particul ar quality paraneterisenpl oyed. The units 110

to 150 of the network coding control system 100 can be =

i ABYEHENt et} Pacamsngven SwFe wara e de &tbicn deflosogrnunication
hagduah @ ottt SIAEINBFEthallev ANk @lceSYSI&MEEAAvast to communicate
advant ageously i'nplenented in the relay node and/ or

degth gatdion destiaasiosoneinguah andase sderoniodepelldar radio-based
AQOﬁhhﬁBﬂﬁ&i%Fg%ﬁfﬁ? arrange the control system 100 in

a source node or a fixed or nobile network node of the

conmuni cation system A distributed inplenentation is

al 0sSi.b W4t f the units 110.to 150 of the
iR ganiy Hik A SsPorkiiall Sfrhkatentte Soeklifon of e
distleetiagt step des cafinddire onttupptiatizatios yst @mobjédtiye @inction. The

IS schemati c block dia f_.an enpodi t o )
SR o sT (O FIEDLS T 8 BiRechrk HNeNEPancs prlects a first
nedrdRite @rpnpSRSpdar [ MARSNIJf rRidek @GabMEher N source nodes. A next
transggiver 22 with connected antenna (system for

cSHauSEL nleBiatehi eatacoan e rwslidr g% eStipgited in step S10

receiges, A bSithht BRIhE Gj@itiR! AANIRM, fQIcH 888 &8mn capacity of
data from source nodes, ich data is intended to be
bEugHBla cc@Editigntn icaationed aleve riandhiet sdected pede group. A

155159 @ie% S@Qqﬁgggiée[tﬁg%mé&ﬁep ecxh"%iﬁggeeggﬂgﬁ§hav%tbe%r§ tested. If

gener at based on”the node-origi nating caug

t het pBgEpvps IRpe bitee festesd, ibe mRthaidsetreneitostep S30 where a new
i naft i r..d i £ of .th d

PLAAPRLL A0 bR, LA i810ks W NCSBHEEE, 100Dy of seps 01
dBsei matperfornoete wrces dore eatheunjqoatnodd gretpoik tiedease of an

Bl T2 XL S TR SR L BBl ametimes

dgsc cohgsiekigy edintten dpiimpilzairent fndacieﬂutrh ecdre Ry réged?By omitting
of this enbodi nent. The control_ system 100 perforns

t HE MBI SOYF 6% PR e ctd o IR BANERNRATNAEN IR RiiPButpr shaving an

| lgitridi RusdQby teheiAAr,Qf, MasBIY § 12968 BEIRETEL. cte.
These identifi%rs %ré ?of&é}dgb to aahetmork ébde§g22c

provided in the relay node 20 for network coding the

! t r . X . . ..
Col BB AR R PH 3 RO R G A ThBgiieg g ppumisea
a?iailso‘glrrréiqm optignidiign asrgierapily usvylvds ddestifdng |and selecting the

o di th 0 ri o
RLflth e SORACHIRT bpublifel MR (RS BT, (G5 2s masamizes
reysétmedapacihy ohfiaimirest delaynchaxdinnged intaoratee, podeBhe method
I.n su a case, the netwark coder .24 can operate on

ihePefiled BAREHE A% S S RRE drfa St RE Shfirc nodes of the
nelowed codegrdap aisi Setivaistoddedt ihet Real meoddTkd tterm combined
22 towards tgf destination node, either directly or in
MAAOPKEORSHAIR 1§ zi ng other relay nodes in the

comruni cati on system

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



The units 22, 24 and 100 of the relay node 20 can be

i npl emented hi hardware, software or a conbi nation of

har dware and software. Fig. 10 is an illustration of a
schemati c bl ock di agram of another relay node 20

according to the present invgntion. In this case, the

network coding control systemof the invention is

i prefierfted ihe anethien, Rod eshahcyodesinvAntian can be applied to a

consequence, identifiers of the source nodes )
SR nefuo EOheinE Dy tssh iR, BEAep g nodes in the
rgieawp?mdanaﬁcaﬂ ﬁﬁ@ﬁﬁﬂ:ﬁ@re@y drf&kéteﬁgﬂmegél%%er-ﬂﬂ%eer networks.
identifiers are fed tqQq the network coder 24, i C .

uuder W@W@%@W%&@t&zﬁﬂ% Elfﬂmftbﬁ AgVeRden a%@ﬁ%ﬁdnulﬂhop and ad
C ORI AHIHKQUIA theb¥alKes @diM8wolke aRelakt e8rfndifics nodes are
network coder 24 is simlar to the enbodi nent ,
dic3BRBYetl PREALHIS 9s ARBITS. Friteateis PeFelaBdeqdesdgr other terminals
hergi ﬂodgg'.eAEEJ)ﬂﬂn%l?gQia%Q_lﬂ{c@ﬂce@é Yo CRIRI-S8S aasdiﬁ"cé node to a
buffer 26 as previously di'scussed for tenporarily . .
stdsstingtiphendde aaree depigaly f roared hdirosghc @ podelerand intermediate
t LS e t he..cqode 4 . ;

R gk o omnE ot VUSR8 ity s ey
t camgpietediedelfyorgaeizingins that dre Riting phthslest nohpredetermined in
node as di s in the foregoi . 25 The a d

01%9‘ t he‘%%y'es%@alﬁg en ?tgﬁra%dog‘xe{r%p% i P ﬁ'ée(f b?/gﬁ%]exngy have some
e pbediteemntisedbréeged Bopping stBeas iathlpimigaidet usinpilbon networks

nmpbile wireless co nication termnal if operating in . ..
S TRnPEPECESTRTY GThAS diPCBRIIIcC At | BALSY SYUPIAG! § Comunication
cg?aeetuem:ea tgyihgl aystade whlktH hign 0p&rdle@tionad radio network
mul ti hop or ad hoc system However, also stationary ,
nEPWRLRIRBERS Vekh T6l5er BeeCas el lan il ceUPETHY RIS wirclessly

t QP beR& N het BN hbaBRs, §HEN GOATBHYCal i, Wiithes $kdy node or a
h ot her network nodes, including the

or wwredly wt
duser pamisal.node. Fig. 11 is a schematic illustration

of a bl ock diagram of a destination node 30 according

to the present invention. The destination node

cBigord sesam illuatsitiort ef /svetebverlapng camsoenicatiod2system 1. The
enpl.oyed for._co ni cati with external .unit ) .

i ‘ﬁ\ﬁtgﬁ} (rilglst ﬁ%s?cg}gglyan%eéféﬁ%rn FPRLPH¢ 1610&31%& é‘ase station or fixed
dastwardt | nod®03e 3frovaipr i esmamesonk seodcag btonanolassociated
system 100 according t he present invention,for,
ST AHOG G O cLbaP o RS oMU HRATING. 50k (RumRd0: 12 14
f 08, phefedgilyl ARIHIRNUBOH cRRinalélesaOtdPImSisd esleplbnes, personal
receives identifiers of these N source nodes fromthe

r eigdia) e pSYSTAISt 05 MCSBIIIgEY aWEtorEirslessh opuBEpiAtiosy, facilities,
”ﬁfi%e%@ in th8 dehesd A LPWwiredsRly E&%n@@ﬁida@@%&ﬂ tROBas8Qtation 30.
can for instance contain a li'st of active source nodes

present within its associ ated conmmuni cation area

(5 k‘i)gurélsh%%.aé 'r¥ﬁ%y¥n%hgﬁe %}égjﬂ&&%& Rofer 30-A841. This should,
store“information of those Source nodes present wthin
cloomrevirc anely diessemc es andilivdtoitivea sxprmgle agsdes exprmimnunication
o) I 0,send dat 0 the stjnati I

Ao 4 RSB dnfithd BRrAEoy 8204 BReNGHEnt8es bhin operate as
responddd Ay aceirding hg tae kivdtedgenent (ACK) or

non- acknow edgenent (NACK) nessages, well-known in the

art. The destination node 30 can therefore store

i o BTBthemaicaliiafe seRies ehddastion whicArddp N@sobeotirce nodes
such_ ACK/ NACK nmessages during a preceding defined f1i ne

o1 0 AMoRe (e RENEle DOHES 8l b2 nbite LBr DU SEB{H She Cell 35. The

networ k node in the communi cati on system



The control system 100 outputs the Al identifiers of

the sel ected source nodes. These identifiers are sent

to the relay node by the transmtter 32, where they

are used for network coding data. The receiver 32 al so
receives the resulting netwghk coded data fromthe

relay node 32, though possibly through nmultiple

i ntlymadidatZ0 rtekeaypedoess rdterochniniding datdata sreeeivhérirom these
tenporarily stored.in dat a, buffer until. th

(&2 PsticR o " aRddobiulim i ter i g pugp data to the base
decagen Boe wigtMas kingedésidatiion Abtlefnatiatelata. t he

data buffer 36 al ready contains previously received

data froma subset of the selected Al source nodes. In

sweh & gRfRrafebeadeeaidfple34f GAMUKehdHi & BHEKDbOUSIsYem 1 having
recei ved data for decodi ng the conbi ned data. Thi's

daaltipde sitwgrle aiedse 16er ¥or hbd1Pn 2008 rinntiis jegpaple, four nodes

sheps.o, dependi 19 xR BB REi Yo dahcdatitnd PAGkeLBIention as
that was conbi ned by the relay node and how nany

i Hagw havedagatte Repaarendited he addssiinaiion mossdzO. 3 spasce node 20

ggggh}gfg Aﬁ@%fﬁf dﬁggi N8 reCa0eE Hd % B %dééigctga r%ifoﬁ%d 15 of the

sources requires the usage
- sodutean¢@es Ret 4P. fliterm@iwork euladcdsta Fhehan forvagded possibly in
i [ i d the.recei fr he ce nodes,
SRk RE TR ne REHSERLIR eI ARG CE N0
network coded foi in. For instance, assune that the

destipnation,.node, vioysly has.received a data cket

of i L ot PR sl tes B et Wk gl SaBBRL Shstem 100
ahsrangy k@ WSl ¥mitelneekt ooded ptasent fvehaiose ThRtbcANtblasystem or
third source node using the output from a, networ

k
cHRItn§OQ\FOrRRIIBES AREETeRgE HIRWn DR iLf Phynélo b gganged for
daddibdifs REniABNASRPGHN EfeshyednRY e ndass | TR 1P0 unit 110

node. At a |ater nonent, a new network coded packet is L
gesie batisplpinaried delthy oot of fageaseritich avida canpgeledt igansmitting

QMBI bl 8! rBelct WAt SAMIERA AL T St ofBh Nfda ¢ '
data Tile b3 is sent 1o the &%%?@nat?%ﬁﬂ%gﬁ% 30. Th% ranseeiver
detibder c@ubbaer tthammdtiogéradeignpasntenatandink suodedl case, the 1/0
d | t e previ Ly received fi s
BhEF B P At PURRERER Bt GbEL RRR A umte n the
(dgrhmriunidhtionbdstem. Another I/0 unit implementation is in the form of a
non-antenna 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.



27 Thereafter the decoder 34 uses the decoded third
data packet b3 to decode the previously received
conmbi ned data b2 0 b3 to finally also obtain the data
b, fromthe second source node. The units 32, 34 and
100 of the destination node ,30 can be inplenmented in
hardware, software or a conbi nation of hardware and

SOIfHeNafo@JtroThgysﬁieﬁi | TR0 | @inpaskes Qaaﬂ ﬁémﬁtelag@@uﬁdef heoaarranged

networ k node of the comruni cati ste suc
StRPPER%Y t%éé@ ¢Patiiiln 1 6- Q%aﬁ PEpEder g & g@@ﬁﬂd for providing

CQHfBﬂ'ﬁiaﬁﬁirl 0P 1Y Sifehs HHOMRY &1 soufc@ okt eTRatihi@mation provision
i npl enentation, the destination node is novable and

can Weferahby asrerwicte PEsthec BRAIARE k3B Ant Bidriferan of retrieving N
| AGdMGHAY %déﬁe%e @sg jatdd '\»ﬁﬂ@n&ﬁe‘? éﬂa{}?éj pY sBﬁFce nodes. The

pr esent | nventl on e rel ay and sti nation nodes
ofidenitgiger getréeval byy pihc aideylufml powsdgruri2eds (rriefesallyd performed

f %%%Ea%??aha' zﬁ%lﬁﬂg d téa@el%&‘r@{ Jck? IRB Lﬁ&%sleldqﬂ”gﬁ’? another node-

For "I nstance, ecnodas can i Ity measur |
u lrmmemhatecbsnitrmt en conemninasl gattwonk qlmilel fpr pasiazmtae asbase station

including lin ual,i t I ters n_data |i and

c ol Bt Dbl ERGT T b R oA e fihats tsource
babﬂeg)ncchl;nmmdaﬁﬁgdm@h he w%ya:?&amnt i&dﬂmﬁsﬁma&ﬁ least some of
SYS These ot her upits an unpction_are, er .
ot SRissmaTRg st aachtiETeRt FredieR Ko HRrISEp i 1/O it 110
nahdl Lkegtsated iHBntiner Grawdegsi2d tomigrbvidenginder st @@tirce node
by a person skilled in the art that various

nistFtifeasi ons and changes may be made to the present

i nvention without departure fromthe scope thereof,

which is defined by the appended clains. 28 CLAINB

1A Sﬂmr&f: esemmﬂmﬁeaﬁua@namquwwthm cangolsusiicoat Ogrfor selecting the

r
SHRUATRE AP D0 AL W65 PGP E2Eh LA 190 10 o
stnqbllscslsﬂ@i ﬁlmﬂ;hst &pseinf preferably arranged for performing a purposeful,
dynamic node group selection based on quality parameters and more

preferably based on the optimization of an objective function.

The I/O unit 110 then functions as an identifier forwarder and forwards
information or M identifiers of the group of # source nodes selected by the
source selector 130. These M 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 A/ 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/0O unit 110 preferably comprises or is connected



5defining a node nunber M, where 25M <N

selecting a group of Mnultiple source nodes anong

said N multiple source nodes; network coding, at a

rel ay node of said conmunication system data from

said group of Al nultiple sgurce nodes to form network

coded data and 10transmtting said network coded data

f tom tsansgmidtniiraoteites widh dndesnarrariipmend de. trapsnifiiing the M
r.di o.claiml1, further conprising

??%%ggFggﬁgéggg?gﬁkﬁﬁégfron1said group of Mnultiple

source nodes to said relay node. 15 3. The nethod

accordi.n o claiml1 or, 2, whereinh said .sel ecting ste

Ohf Pe®rboruBe oy St 1510 Wy Erupfifes o Barameter
npdesdsased cm-rang@ﬁ ﬁsﬁtpmeidlgg'rmn'r@eiclfme qitahiipication quality
par anet er associ ated with saj N mujtiple source

P BREITCGY AascormfatBiiibdRg e a, gDl SHEs R dc e parameter
Cgimfiﬁéﬂ NALE Sddradd %Q‘raﬁgéfd gaf Vke_%ﬁ@i}i%g BQee éraﬁﬂé&rl\kiata from
mul ti pl e source nodes respective link qualit

a
piHamsaEPniessiiedt Ry the tAOsHNE 5drEennaaext aj1t or node. In

Say I [ ; i ect.l Al r of ;
0 PRS0 S RaLG0IN Seggel gy Rl UL measuring
| AR geidiatingpdvnpenralities of user terminals and base stations can

perform the actual parameter estimation. Information of the estimated
parameters is then forwarded to the I/O unit 110, allowing the connected
parameter provider 140 to retrieve the parameter from the received
information. In an alternative approach, the parameter provider 140 itself
comprises parameter estimating functionality that determined the quality
parameter based on measurements performed by a connected quality

measuring unit.

As was indicated in the foregoing, the parameter provider 140 preferably
provides link quality parameters as quality parameters. The link quality
parameters are preferably representative of the quality of the communication
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



5. The nmethod according to claim4, wherein said

estimating step conprises estimating, for each source

node of said N nmultiple source nodes, a link quality
paraneter representative of a link quality of a

conmuni cation |ink 30betweenssaid source node and said
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Fig. 9 is a schematic block diagram of an embodiment of a relay node 20
according to the present invention. The node 20 comprises a
transmitter/receiver or transceiver 22 with connected antenna (system) for
conducting communication with external nodes. The receiver 22 is in
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 generatéd 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



209. The method according to any of the clains 1 to 8,

wherein said defining step conprises defining said

group nunber Mto be equal to two. 10. The net hod

according to 9, wherein said selecting step conprises

the steps of: 25cal cul ating,,sfor each pair Amn) of

source nodes anong said N nultiple source nodes, a sum
capdoig yarChannrbe oinsal digttaimmtivedt cotingyst @amldgfiatedrk coding

by: S(ni,n))=log(1l+ max(r""r")) log(lr/i
+rﬁsrﬁ%?”§?}¥3,l3§ gigscussgé‘ where In, is a communication
guality paranmeter associated with a first source

30node of said Eair of source nodes. |'mis
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The resulting network coded data is transmitted by the transmitter 22
towards the destination node, either directly or in multiple hops utilizing

other relay nodes in the communication system.

The units 22, 24 and 100 of the relay node 20 can be implemented in

hardware, software or a combination of hardware and software.

Fig. 10 is an illustration of a schematic block diagram of another relay node
20 according to the present invention. In this case, the network coding
control system of the invention is implemented in another, external nodes.
As a consequence, M identifiers of the source nodes selected by that control
system is forwarded 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.
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possi bl e pairs of source nodes anong said N nultiple

source nodes. 5 11. A network coding control system

conpri si ng: an identifier provider for providing

N identifiers of N multiple,gource nodes, each having

data destined for a destination node in a
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11, further conprising a paranmeter provider for

providing a respective conmmuni cation quality paraneter
Fig. 11 is a schematic illustration of a block diagram of a destination node

30 according to the present invention. The destination node comprises a
transmitter/receiver or transceiver 32 employed for communicating with

external units, including the relay node and source nodes.

The destination node 30 comprises a network coding control system 100
‘according to the present invention for selecting a group of source nodes
having data destined for the destination node 30. The control system 100
receives identifiers of these N source nodes from the receiver 32 or from

some data store of the destination node 30.

In the former case, the destination node 30 can for instance contain a list of
active source nodes present within its associated communication 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



20 associated with said N nultiple source nodes,
wherein said source selector is arranged for selecting
said group of Mmultiple source nodes based on said
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provider is 25 arranged for providing a respective
| ith&kmgelats t thepaelayetete as somirdt@dnativorksaide X blag copimpunication
ggg %?nodes, wherein said source selector is arranged
ecting said group of Mnultiple source nodes
based on said respective |ink quality paraneters

stem agc rd| m 13 V\,her sai.d
o netdrob Eavel A ShePllin 2n%: B edualitngt B dligiea source
smﬂes These @(ﬁeﬁt&tﬂl&‘sl\bfﬂl Isehplte ﬁ&uf@ayﬁﬁxﬁﬁbyatﬂd tkansmitter 32,
it ar anet er. resentat ve of a link quality of
?]cﬁ’fﬁ%}ﬂ Xats b‘ﬁe‘lilf% BBY%‘FPASLHg(ﬁI%%urce node and said
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of bl T B Ll B B3 Bles 8 T p ARt @ case
petaniicetisr I 8presentsd ithes gfreviously received data for decoding the
combined data. This data decoding can be performed in one or multiple
steps, depending on how many individual data (packets) that was combined
by the relay node and how many individual data (packets) the destination
node 30 has received and will receive. Generally, decoding combined data of
M individual sources requires the usage of M -1 data (packets) from M -1
sources. The M -1 data is received by the receiver 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, ®5, 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 @b, 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: b ®(h ®b,)=b,.



10 said link quality of said conmunication |inks

bet ween sai d source nodes and said relay node and said

link quality parameter representative of said |ink

qual ity of said conmunication |ink between said rel ay

node and said destination nage. 1516. The system
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said communi cation system defi ned by: o .
based communication system. However, in an alternative implementation,
the destination node is movable and can be a movable wireless

communication terminal, including a user terminal.

It is anticipated by the present invention that the relay and destination
nodes of Figs. 9 to 11 typically includes further units and functions relating
to the operation of these nodes. For instance, the nodes can include quality
measuring units that estimate communication quality parameters, including
link qualily parameters, on data links and communication services that are
currently active between the node and other nodes in the communication
system. These other units and function 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.
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C(5(mn)) =log(1l + max(Fa"r"))+ tog(i+r, +mn(r",,ra))
32 where Fa, is a communication quality paraneter
associated with a first source node of said pair of
source nodes, rn Is a communi cation quality paraneter
associ ated with a second source node of said pair of
source nodes and r" is a comrunication quality
paranmeter associated with sagd relay node, wherein
5said source selector is arranged for selecting the
pair S. of source nodes that maxim zes said sum
capacity: S = argnmaxC( S(HAMSm n)eS where Sis a

1ol bl LB PR 55,0980 Wi
&b multiiptea sounee gyasiee reack diafingetiat dastined daprai d¢stigation node,
said method comprising the steps of:

defining a node number M , where 2<M < N;

selecting a group of M multiple source nodes among sald ¥ multiple
source nodes;

network coding, at a relay node of said communication system, data from
said group of M multiple source nodes to form network coded data; and

transmitting said network coded data from said relay node to said

destination node.

2. The method according to claim 1, further comprising transmitting said
data from said group of M multiple source nodes to said relay node.

3. The method according to claim 1 or 2, wherein said selecting step
comprises selecting said group of M multiple source nodes based on a
respective communication quality parameter associated with said ¥ multiple
source nodes.

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

5. The method according to claim 4, wherein said estimating step comprises
estimating, for each source node of said N multiple source nodes, a link
quality parameter representative of a link quality of a communication link
between said source node and said destination node.

6. The method according to claim 4 or 5, wherein said estimating step
comprises the steps of:
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a network coding control system according to any of
the clains 11 to 19 for providing Midentifiers of a
group of Mmultiple source nodes; a receiver for
receiving data fromsaid group of Mnultiple source
nodes; 15a network coder for network coding, using
said Midentifiers, said data fromsaid group of M

mul tiple source nodes to fokgm network coded data and

a transmtter for transmtting said network coded data
to a destination node. 2021. A relay node of a
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or 21, wherein said rel

REEL? Al e s alve, i i Bty of sata
i@t 1600Pktkicen shilreliySidi® and said destination node.

7. The method according to any of the claims 3 to 6, wherein said selecting
step is performed based on optimization of an objective function that
comprises sald respective link quality parameters.

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

9. The method according to any of the claims 1 to 8, wherein said defining
step comprises defining said group number M to be equal to two.

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, a sum capacity C(S(m,n)) of said communication system defined
by:

C(8(m,n))=10g(l + max(T,,T, ))+log(l + T, +min(T,,T; )

where T, is a communication quality parameter associated with a first source
node of sald pair of source nodes, I, Is a communication quality parameter
associated with a second source node of said pair of source nodes and I, is a

communication quality parameter associated with said relay node; and
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33 23. A destination node of a conmunication system
sai d destination node conprising: a network coding
control system according to any of the clains 11 to 19
5for providing Midentifiers of a group of Mnmultiple
source nodes; a transmtter for transmtting said Al
identifiers to a relay node; a receiver for receiving,
fromsaid relay node, net vvo:ié coded data generated by
said relay node based on data fromsaid group of M
mul ti ple source nodes, 10 24. The destination node
acceeldcting tiee pdinismo? soumh etodes tisairfaxingis\sald $18m capacity:
arranged for receivin fromM -1 source nodes of said
group of Mmultiple sgu‘rér el '"ﬁata used by said

rel ay node for generati ng sal d network coded dat a.

where $ is a set of all possible pairs of source nodes among sald ¥ multiple

source nodes.

11. A network coding control system comprising:

an identifier provider for providing N identifiers of N multiple source
nodes, each having data destined for a destination node in a communication
system;

a source selector for selecting a group of a predefined or determined
group number M of multiple source nodes among said N multiple source
nodes, where 25 M <N ; and

an identifier forwarder for forwarding M identifiers of said group of M
multiple source nodes to a relay node network coding, using said selected M
identifiers, data from said group of M mulitiple source nodes to form network
coded data to be transmitted to said destination node.

12. The system according to claim 11, further comprising a parameter
provider for providing a respective communication quality parameter
associated with sald N multiple source nodes, wherein said source selector is
arranged for selecting said group of M multiple source nodes based on said
respective communication quality parameters.

13. The system according to claim 12, wherein sald parameter provider is
arranged for providing a respective link quality parameter assoclated with said
N multple source nodes, wherein sald source selector is arranged for
selecting said group of M multiple source nodes based on said respective link
quality parameters.

14. The system according to claim 13, wherein said parameter provider is
arranged for providing, for each source node of sald ¥ multiple source nodes,
a link quality parameter representative of a link quality of a communication
link between said source node and said destination node.
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15 25. The destination node according to claim 24,
further conprising a decoder for decodi ng said network
coded data based on said data received fromsaid to
formsaid M-1 source nodes to form decoded data from
said group of Mmultiple source nodes. 20 26. The
desti nation node according to any of the clains 23 to
25, wherein said destinatiqgn node is a base station of
a W rel ess radi o-based co i cation system 25

15. The system according to claim 13 or 14, wherein said parameter provider
is arranged for 1) providing, for each source node of sald N multiple source
nodes, a link quality parameter representative of a link quality of a
comrnunication link between sald source node and said relay node, and ii)
providing a link quality parameter representative of a link quality of a
communication link between said relay node and said destination node, and
wherein saild source selector is arranged for selecting said group of M
multiple source nodes based on said link quality parameters representative of
said link quality of said communication links between said source nodes and
said relay node and said link quality parameter representative of said link
quality of said communication link between said relay node and said
destination node.

16. The systemn according to any of the claims 12 to 15, wherein said source
selector 1s arranged for selecting the group of M multiple source nodes that
optimizes an objective function that comprises said respective link quality
parameters,

17. The system according to claim 16, wherein sald source selector is
arranged for selecting the group of M multiple source nodes that maximizes a
sumn capacity of said cornmunication system.

18. The system according to any of the claims 11 to 17, wherein said source
selector is arranged for selecting a group of two source nodes among said N
multiple source nodes.

19. The system according to 18, further comprising a calculator for
calculating, for each pair §{m,n) of source nodes among said N multiple
source nodes, a sum capacity C(S(m,n)) of sald communication system defined
by:

C(8(m,n))=1og(1 + max(T,,T;, ))+log(l + T +min(T,,T, )
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where T, is a communication quallty parameter assoclated with a first source
node of said pair of source nodes, I', is a communication quality parameter
associated with a second source node of said pair of source nodes and I'; is a
communication quality parameter associated with sald relay node, wherein
said source selector is arranged for selecting the pair §° of source nodes that
maximizes said sum capacity:

§* = argmax C{S(m,n))
S(m.nles

where § is a set of all possible pairs of source nodes among sald N multiple
source noedes.

20. A relay node of a communication system, said relay node comprising:

a network coding control system aceording to any of the claims 11 to 19
for providing M identifiers of a group of M multiple source nodes;

a recetver for receiving data from said group of M multiple source nodes;

a network coder for network coding, using said M identifiers, said data
from said group of M multiple source nodes to form network coded data; and

a transmitter for transmitting said network coded data to a destination
node.

21. Arelay node of a communication system, said relay node comprising:

a recetver for i) receiving M identiflers of a group of M multiple source
nodes among N multiple source nodes from a network coding control system
according to any of the claims 11 to 19 and ii) receiving data from said group
of M multiple source nodes, where 2<M <N ;

a network coder for network coding, using said M identifiers, said data
from said group of # multiple source nodes to form network coded data; and

a transmitter for transmitting said network coded data to a destination
node.

22. The relay node according to claim 20 or 21, wherein said relay node is a
mobile wireless communication terminal of a wireless radio-based
communication system,
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23. A destination node of a communication system, said destination node
comprising:

a network coding control system according to any of the claims 11 to 19
for providing M identifiers of a group of A multiple source nodes;

a transmitter for transmitting sald M identifiers to a relay node;

a receiver for receiving, from said relay node, network coded data
generated by said relay node based on data from said group of M multiple
source nodes.

24. The destination node according to claim 23, wherein said receiver is
arranged for receiving, from M —1 source nodes of said group of M multiple

source nodes, data used by said relay node for generating said network coded
data.

25. The destination node according to claim 24, further comprising a decoder
for decoding said network coded data based on said data received from said to
form saild M -1 source nodes to form decoded data from said group of M
multiple source nodes.

26. The destination node according to any of the clatms 23 to 25, wherein
sald destination node is a base station of a wireless radio-based
communication system.



