METHOD AND APPARATUS FOR PEER TO PEER STREAM NG TECHNI CAL FI ELD The present
application relates generally to stream ng of data, or nedia, in a

comuni cawpan1oget4dm BACKGROUND Peer -t o- peer (P2P) is RCTOB20891006254

di stribution solution in a comruni cation network. It provides an
alternative solution to the traditional client-server based approach. In a
client-server based approach, centralized servers play an inportant role in
t he exchange of nedia content between different network entities, user
termnals, and/or the like. In a P2P network, peer nodes or participants,
may act si mul t METEHOD ANDYOPPARAEGS 0 BEER VO BEERS EREAMENGwWor k, peer
nodes nmay be connected using ad hoc connections. An exanple application of
P2P technology is file sharing. In a conmuni cati on network, mnedia delivery
nmet hods FEOHNREAD®I@Rdi ng, upl oading, streami ng, and/or the like. \Wen
usi ng downl oading or uploading, a receiving device may display the nedia
cont ent &he presanh applisation relaiersganerally te siganeingaf daty or media dea 6PMBNAKAHPRQ,
receig ag& dia or data is usually displayed at the end-user device while

t he nedl I'S ‘being delivered or before the transfer is conplete. An
end-user of a stream ng application may avoid |long start up del ays since

stream ng elimnates the need to store the entire content on the user
devi ce. MMPZP file sharing technol ogies, real-tine P2P stream ng
technol OQﬂe&Sto- e%r & Nébrfdéht als@%tfoa%aﬁmﬁ kn éecsmahm%ﬁmm&t%}g 'Itrﬂ?ghaes

cont ent . arious aspects of the invention are set out in the
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15  In a communication network, media delivery methods comprise downloading, uploading,
streaming, and/or the like. When using downloading or uploading, a receiving device may
display the media content after the media transfer is completed. In the case of streaming,
received media or data is usually displayed at the end-user device while the media is being
delivered or before the transfer is complete. An end-user of a streaming application may

20 avoid long start up delays since streaming eliminates the need to store the entire content on
the user device.

Inspired by P2P file sharing technologies, real-time P2P streaming technologies are emerging

as a new framework for streaming multimedia content.

25 SUMMARY
Various aspects of the invention are set out in the claims.
In accordance with an example embodiment of the present invention, an apparatus,
comprising a processor configured to assign at least one of a plurality of real time transport
protocol data units to at least one of at least two peer to peer partial real-time transport

30 protocol streaming sessions, based at least in part on at least one timestamp associated with



conprises assigning at |east one of a plurality of real tinme transport
protocol data units to at |east one of at |east two peer to peer partial
real -ti mewOrRan#3e848 pr ot ocol stream ng sessions, based RCTIIBA®P/0G6RS4part on
at |l east one tinestanp associated with the at |east one of the plurality of
real time protocol data units. The plurality of real tinme transport
protocol data units, are associated with a real tinme transport protocol
media stream |In accordance with an exanpl e enbodi nent of the present

i nvention, an apparatus, conprising a processor configured to receive

i nf or mat thent leastane @f the pluralityaxtreal wimnegmetocolodapeenitspEhe plurality af regl e
transport protocql streamng sessi.ons. . at . l.east two peer to peer
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20 method also comprises receiving at least one of the at least two peer to peer partial real time

transport protocol streaming sessions.
In accordance with another example embodiment of the present invention, a computer
program product comprising a computer-readable medium bearing computer program code
embodied therein for use with a computer, the computer program code comprises

25  code for assigning at least one of a plurality of real time transport protocol data units to at
least one of at least two peer to peer partial real time transport protocol streaming sessions,
based at least in part on at least one timestamp associated with the at least one of the plurality
of real time protocol data units. The plurality of real time transport protocol data units are

associated with a real time transport protocol media stream.



program code al so conpri ses code for receiving at | east one of the at |east
two peer to peer partial real tine transport protocol stream ng sessions.
BRI EF DESURI2PIVZP$4OF THE DRAW NGS For a nore conpl et e uRdEAB0a06ATH Of
exanpl e enbodi nents of the present invention, reference is now made to the
foll owi ng descriptions taken in connection with the acconpanyi ng draw ngs
in which: FIGURE 1 illustrates an exanple peer to peer network where

enbodi ments of the invention may be inplenented; FlI GURE 2 depicts an
overvi ew di agram of an exanple peer to peer network with single source peer
ar chi t eclrugceordan@URith anathenexamplecapehrodinont @if digrpipseot ingentmpaapd@petenst er ed
overlay architecture of a. peer to._peer twork: ‘FI GQURE 4 s C i agram
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according to, an exanpl e enbodi nent of the invention. FIGURE 5 is a di agram

i |1 ust r afScRiying ipfosmaden reditedytorat leasidioRgeRto ResT Partiplged] timg BsPors PERIBEQ|

medi & st ] : i [ ~LJ t :

o T o N B T Bl e PR B e AR plot el ine
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transport protocpl nedia stre into.a pluralit f. partial real-time

t r anspor PR 605 21 SomRy s dar Tshe Vine kI gt o8 thet AspstRyve BRI ent of

t he i nvepini@ines ehé¥Fankpbs protbd D etréinias aBsRfns@ mMethod for receiving one or
nore partial real-tinme transport protocol stream ng sessions according to

an exanpl e enbodi nent of the invention; and FIGURE 8 is an overview di agram
il Usd ra@ﬁﬁiﬁﬁ R ﬁ)ﬁ@f*ﬂf@ﬁR I delivery of partial real-tine

t ranspor sss—ﬁgk@égg% peers in a peer to peer network.

DETAI L EDF&ESGRETh1EE uilddrstRiRANY BIGE afipl € xabpdithetiod dienpredenoinvemeonpr esent
invention and its potential advantages. are best understood b%éreferri ng to
FI GURES EfempResigROY neadeto thefpHQy ing<les¢rintiorgtaken n spapeciioasvighhthex anpl e peer

to peer Q&B\‘l‘%ﬁﬁyﬁ%@ra‘mﬁ%ﬁn%ﬁ?&gi ments of the invention may be inpl enent ed.

The peer to peer network 100 conprises a plurality of peers,
FIGURE 1 illustrates an example peer to peer network where embodiments of the invention

15  may be implemented;

FIGURE 2 depicts an overview diagram of an example peer to peer network with single
source peer architecture;

FIGURE 3 shows an overview diagram of an example clustered overlay architecture of a
peer to peer network;

20 FIGURE 4 is a block diagram illustrating partitioning of real-time transport protocol media
streams into a plurality of partial real-time transport protocol media streams according to an
example embodiment of the invention.

FIGURE 5 is a diagram illustrating a process for partitioning a real-time transport protocol
media stream into a plurality of partial real-time transport protocol streaming sessions

25  according to an example embodiment of the invention;

FIGURE 6 is a flow diagram of a method for partitioning a real-time transport protocol
media stream into a plurality of partial real-time transport protocol streaming sessions

according to an example embodiment of the invention;



or peer nodes, 110. A peer 110 may be a desktop conputer, a |aptop
conputer, a server, a nobile device, and/or the like. A peer 110 may be
coupl ed twoanw/mos4aor e ot her peers 110. Peers 110, in peemr/Bmogesesanet wor k
100, may be coupled to one another, for exanple, through one or nore
communi cati on networks conprising, for exanple, a |local area network (LAN),
Internet 150, a wireless conmunication network, and/or the |Iike. A peer
110, or user equipnent (UE), may have access to the Internet 150 through a
wireless | ocal area network access point 102, a wireless network base

st at i on HGAJRE M o low diegiamepfaameibodvinrkeqeiving ongceiomeremartinl reantidicor t he

i ke. Couplings between peers in a P2P network 100 are,.est Lshed .at the
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real -ti nedatream ng of nultinedia content. Real-tinme P2P stream ng nmay
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nunber oihvemiiinandy b Bvpleitemted. Thg . peertid PeersitworkRO8l conipiBe P2 Plusdlite afpaees, may

al so have the potential to support broadcasting aﬁpl i cations since any peer

110 in aOTREEF n9des pld Ar@lef/\b]f(k@ﬂ)be eGSR ETRP WSS > £ FRIRRHeh R SHYeast er .
FI GURE 21,d6il §vice? IndYEhY & ._‘Q"g@&rl"’}WnQITy I?crboggl%ﬁ% Bnd6 oIeootH@rgfeefgqtmpr k 100

wi th single source peer architecture. The exanple architecture has a tree
st r uct urBgersd 1(h impgeritorpeey nsioenrk é0peaay Beld@upledhe ope ammher, foeraeplpetbrough0’ i s

t he i ginal source of .nedia content delivered to other peers 110
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receives nedia content and forwards it to another peer 110. A forwarding

peer 110equipment{bUEhgnay baveswedsntp the dnterne0] SQRbrovghanpirggssdodad agamdivwagk peer
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access point, and/or the like. Couplings between peers in a P2P network 100 are established
20  at the application layer.
P2P technology is gaining popularity as a framework for real-time streaming of multimedia
content. Real-time P2P streaming may enable new use cases and business models for end-
users, network providers, and/or the like. P2P streaming technology allows streaming of
multimedia content by an end-user, to one or more other users, in real-time without the need
25  for dedicated servers, e.g., streafning servers. Multimedia content may be streamed to an end-
user device, or a consuming peer 110 through one or more other peers 110. In a peer to peer
netwbrk 100, content delivery may be managed by the peers 110 without a dedicated server,

for example, to setup, manage and/or maintain communication channels and/or transfer data

associated with a multimedia streaming application.



and also display it, to its corresponding end-user. In the exanple
architecture described in FIGJRE 2, each peer 110 receives nedi a content
froma siwgl2e10830846e peer. A source peer nay be a pri maPgTABUOYBORBEr 110
or a forwarding peer 110. In an architecture characterized by single source
peer, the risk of interruptions in data transfer may increase. In Fl GURE 2,
an interruption in data transfer, for exanple, across a |link 120 between a
peer A and a peer B, affects a group, or subtree, 130 of peers associ ated
with peer B. In other words, as peer B experience the interruption in data
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source peer 110° a consum ng peer 110 may l'arge, for exanple, in a
P2P net wandkal§Odisplay ht, siisgoaesmndng epdaser i thie tegamnplearchif2étufd descrslearinng

appl jcat| ke use of a cantent.distrihution approach with nmultiple
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exanpl e,mfai/b@qtpﬁknﬁ*];&me%de_@@lo%rmﬁba&dﬁq PRI 1@e peers and requests
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between a peer A and a peer B, affects a group, or subtree, 130 of peers associated with peer

20 B. In other words, as peer B experience the interruption in data transfer, so do peers 110 that
are subordinate to peer B, e.g., child peers associated with peer B.
P2P streaming may present new challenges to existing content distribution mechanisms and
protocols. For example, peers 110 may dynamically join and/or leave a P2P network 100. A
peer 110 may receive streaming data from one or more source peers 110. If one or more

25  source peers leave the P2P network 100, the receiving peer 110 may need to re-select its
corresponding source peers 110. A peer 110 may have uplink bandwidth, used to transmit
media content to one or more other peers 110, and/or downlink bandwidth, used to receive
media content from one or more other peers 110. A peer 110 may have an asymmetric access

network connection, e.g., with uplink bandwidth different from downlink bandwidth. Some

30 peers 110 may not, for example, have enough uplink bandwidth to serve another peer 110



be acceptable. FIGURE 3 shows an overvi ew di agram of an exanpl e clustered
overlay architecture of a peer to peer network 100. A P2P network 100 with
cl ust er edvoverdmeys4ar chi t ecture is an exanpl e P2P net wor RCRAB2089/806aFp| e
enbodi nents of the invention may be inplenented. The exanpl e overl ay
network in FIGURE 3 conprises three clusters 130, for exanple cluster 1,
cluster 2, and cluster 3, associated with a P2P service. According to an
exanpl e enbodi nent of the invention, an overlay network is maintained
separately for each P2P service, or application, e.g., a real-tine

t r anspor vithpebmpbite (T Rreampdi R, svideastiaan. daoticonxanipls of ¢ challedge asoentpd

server (S 40 conprise information about hierarchy o Qr_.nore
ol ust er s aear & TR SRARIAT S gl SRRl O AP s B B Sreowe

Ser Vi cesagplicatidhe MRy Mt 8t kdlerahitd v lohf stai-upXRIAYs Sfof BRaRhlEEA the aBEe déhenay
be a central non-nobile server that is not part of the actual P2P overlay

net wor k. orporganiaptes g tirae detaysed Whestartinga treagingssgspen.img)l dagideed in a
di strd bu B . by using Distributed Hash Tables (DHTs). A

cl ustéer éltggtcorrprg{%xggrlgncﬁr urality of peers 110. A cluster 130 may be
managed Birdstak-updEehlyanaest dffeceedchtusdsein paetable the(fuinibet bl hopsnoadonaxaivnl e
enbodi ment, one CL 111 is assignedtq each cluster 130. One or re backup
cl uster Hl%%@Psbe(tBeirga sopree Wﬁy?éﬁ @5%@%%%%&866&%%%@%@@ OBR0. CLs

111 may gRpEagea %?5&&?@1@’%8%%05%&% géérquo be@fgeCHR RABple2inG@ PPl 1 may

assi st a new | oi ni ng peer to coup or corinect, to one or more other
peers 1l@etworkt K withisingle so@©¢ peer@chi®Oureny be, for exanple, a nobile peer

node, W t abi lLities. such as a high thr hput. access networ k .connecti on,
ar ol9 ebalt O ing eERiB ke g O LR pUNB A R s PRt il P GRor t he
li ke. A {urdBéens! AXilBSs Arst parBom@A9htoAetes ofchiinks, FolOQKiph) of egiRIIERE. Al N the
P2P network 100. According to an exanpl e enbodi nent of the invention, a

peer 110pesRgommeetsde aoyses pesds andaeeyesisimissingrpissesfrtbe filetin arardamp orden. Taed
ot her peers 119

., q f which | ' '
ocor 110 ney o Rapeink ol MMkl R e ro b REP R S eGSRy

exi st encdelaysNfodeh@nhplepsikeveriEddys dhnisueaming Spglicagions, howsvéeihg delykaap nbr ack
of the status of other peers, e.g., whether other peers have left, or are
sti 115 coRfAcEePtRe- t he P2P network 100. The RTP may use user datagram

pr ot ocol pclghkl: 33R0wIgY gog&lieivs};(iigé%iog%ﬁ%&%Pﬁl%?‘dsiteﬁ&?{)]ve‘?%ggpélﬁtectﬂ&eéﬂer or

not a recelving peer, I's sti e net wor k 100.
However , pdehe meeunetevople @00.ap2P atteork 100hwith ehaterad @vedby archéeaiureiingn peer 110
fromt heexlzran[))le P2P network where example embodiments of thé invention may be implemented.
The example overlay network in FIGURE 3 comprises three clusters 130, for example cluster
20 1, cluster 2, and cluster 3, associated with a P2P service. According to an example
embodiment of the invention, an overlay network is maintained separately for each P2P
service, or application, e.g., a real-time transport protocol (RTP) media streaming session. A
service discovery server (SDS) 140 may comprise information about hierarchy of one or
more clusters 130. SDS 140 may also comprise information on available P2P services in a
25 communication system. In an example embodiment, SDS 140 may be a central non-mobile
server that is not part of the actual P2P overlay network. In an alternative embodiment, the
SDS 140 may be implemented in a distributed manner, e.g., by using Distributed Hash
Tables (DHTSs).

A cluster 130 comprises a plurality of peers 110. A cluster 130 may be managed and/or

30 maintained by a cluster leader (CL) 111. In an example embodiment, one CL 111 is assigned



network 100, for exanple, based on an interruption of keep-alive nmessages
fromthe receiving peer 110. A source peer may then avoid unnecessary data
transm ssWOr0104020843 to a receiving peer 110 that has | ePCTIHR2OFRE2Het wor Kk
100. According to an exanpl e enbodi nent of the invention, the P2P network
100 with clustered overlay architecture is scalable with the clusters 130
groupi ng the peers 110 based at least in part on their proximty. For
exanpl e, when joining a P2P network 100, a peer 110 may select the CL 111
that is closest, e.g., to the Loinin peer 110. The sel ection of the
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overlay P2P networ k be ai ned wi thout degradi ng P2P service.
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limt, e.g., an upper bound on the nunber of peers 110 in each cluster 130.
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mul tiqredi.a.. ' esslan, ' e I ' ' tream
s clomprisleidb] RAPpABeEr Rl Ry B REDN MRS Tl b pEs 18
packet s. ofAtsnexilitencstIh@@iar wairddRkEe s albwl iaessaginy alhewppgdets toikeae daclosf thpktatus 1 nt o
at least two partial RJP streans, for exanple, at a primary source peer

110" .  AcHAMBRTRGEH o &n VAR RRHPBCTRASERATE ML Of atcHEllicRyRIAd fb e RHeng¥Pth t i oni ng
of 3 RTPDIGRIHE RTp hilf ReRRE! detder FRPrbEA TP TRY kS B GRBbufle b8, (6P
dat a packets level. One or nore peers 110 may request to recelve one or

nor e par¢xiaaipli;ihetter eonat.a rBeaiving lped] @gs peai ldAsisatiB is tie-RAP feoworktl08am ng RTP

dat a, unifs associated with parti al P streans. ElI.GURE i.S. a hl di agram
11 G sHPHET el SehpIRS M Qe APathiR Ao BB PBE o Ot Bedp o 215
into partdi@brk R, f&r'eﬁﬁnhfe%‘a%g@f)ﬁ _aHﬁ&&&&ﬁlon@%ﬁa-ﬁﬁxf&ﬁé@%a&%@r(ﬁﬁPdér ding to an

exanpl e enbodi ment of the invention. A'nultinedia session 210 may conprise
one or mgreViREPesekld drouepeor mapthica ayoidemnecesiany fat@CURESMissiphes.grulotd nedi a

E?ZSJRE”&%%%X@%%& ﬁ@éb{%@%&%’ P%;dniegw(l)'«r"ll('%aessi ons. In the block diagram of

According to an example embodiment of the invention, the P2P network 100 with clustered

20  overlay architecture is scalable with the clusters 130 grouping the peers 110 based at least in
part on their proximity. For example, when joining a P2P network 100, a peer 110 may select
the CL 111 that is closest, e.g., to the joining peer 110. The selection of the closest CL 111
may be based on the joining peer’s 110 best knowledge of locality, e.g., using round trip time
(RTT) values between the joining peer 110 and one or more CLs 111. In an example

25 embodiment of the invention, clusters 130 may be divided into different layers in order to
improve cluster search performance, e.g., O(log(n)) instead of O(n), especially when the
number of clusters is large. According to an example embodiment of the invention, the
number of peers 110 in a cluster 130 may be limited or upper bounded. Limiting the number
of peers 110 in a cluster 130 may prevent large processing overload on CLs 111. The

30 scalability of the overlay P2P network may be sustained without degrading P2P service. For



sessions, e.g., audio and video, 215 is partitioned into a plurality of
partial RTP streans. The video session is partitioned, for exanple, into Nl
partial RVP28tw2e8¥8 216 and the audi 0 session is partitiPERAE009/60628Kanpl e,
into N2 partial RTP streans 216. Ni and N2 are integer nunbers |arger than
or equal to one. In an exanpl e enbodi rent of the invention, partitioning of
media streans 215 into a plurality of partial real-tinme transport protoco
nmedi a streans 216 may be perforned by a primary source peer 110', or

anot her peer 110 in the P2P network. FIGURE 5 is a diagramillustrating a
process éxampbarthd ¢lugeied gverlayeRdP ndtwerkt mapneipand bpcotating hewetisterst3eand 215

into a plurality of. partjal stream nq sessions, 216 accordi ng,to..an
exanp! o ERbGREREARnE Sosis 1k sk hia ey Ea8a Rl S0 Brpiolfe bR o
vi deo, amghier of pedrk 1 1 @irsédcBan®ier 386/ or the like, may be split, or divided,

into partitioned pieces 320, for exanple, along a tine axis. In an exanple
enbodi mefiecordiag o an exayeplp smbpdiment efthe presery imveptipg,in §R2E rpulfimedid t i ne

dur atd on . i reds. i.f1an: i 0. i ent

i mo Sor SR s 5 18 LR AL s BB W Totg e Sl 100

pi ece 32mewynsportgaponol (RTP)detamnitsyor padkER. Aahedip atréah,or RFP sensids, mBAlek | n
an exanpl e .enbadi nent .of tli}g i nvent;@gﬂi t he ti;cg duration 7> of a

partiti offEaiYIcEee" IpEQRt IFaSIP PR RITE stgems-dOneRrMRIG At pPTMALY SPURE enough

to cont apdar aio’l Q@@érdﬂ%& Bl Bx RAsK @ bdditheANo P8 i@ Btioh,Mhd PAtiBSAAPLEa RTP
enbodi nrent of FIGURE 5, the tine duration of the partitioned iS equal to 80

m | |- sessosion, iftemartiad RYP stippms, 188y brsperfomuiad paihe IR TRdasal ppriketsde @2 Oreodrpr i ses

10 07 SRRt B A e RS b A AR ok 22

cor r espogidséithp fr biteaniing RAPeddid @iTRSssdcRitedew A Phrial RTTE sgadrds.vi deo stream a
partltlonedmglgece 320 with tine duration equal to 400 ns carries nedia

cont ent EGTYRE ddnablngkidiagram pllustrativg parifening vheabtmeittapspastprpioseb@ediag,  of
the RTP i ' I%ﬁg ' : @Mm §f'g5
se g si on Ssﬁl%g%lé %q RI%I}tg ’pflﬁiél? f%ﬁg}” etl’%il‘fliB er Pioggflplagﬁ S% fl‘:ggéao?ﬁélfdli S g S gr ons

216. | n ddaGgREembodimest @halinvemich. AAaclnintbdiagsebsion RE) maprpheriendedirmeort of
FI GURE 5 he ti eriod, or ti , to assign.one partitioned piece
320 tb e&T Sﬁ?&ﬂ“ﬁngll Rfrmegxarsgam@ﬁFﬁéﬁkﬁé,&&mﬁﬁﬂg@éﬁ FesibRek SYIPHITS an
exanpl e gaROHdRIdio RIPRRAs! ﬁl'tﬁé‘ﬁﬁclﬁhtﬁgﬁxﬁ HITEIGIIRBY! &fth oF diBweTs el ect ed

in such a way that 1t is |arge enoug conprise at |east one RTP data
packet 3sSsioms, a\gerad®.andfviddoe2ty spadisioacd oo T plurglity of patiahRTP segeares. The

a1 oS BLSEES: 220 B SR Bt 0 SRR, O

session is partitioned, for example, into N; partial RTP streams 216. N and N, are integer

20  numbers larger than or equal to one. In an example embodiment of the invention,
partitioning of media streams 215 into a plurality of partial real-time transport protocol media
streams 216 may be performed by a primary source peer 110’, or another peer 110 in the P2P
network.
FIGURE 5 is a diagram illustrating a process for partitioning a real-time transport protocol

25 media stream 215 into a plurality of partial RTP streaming sessions 216 according to an
example embodiment of the invention. A RTP session, or stream, 215, e.g., video, audio,
subtitle streams, and/or the like, may be split, or divided, into partitioned pieces 320, for
example, along a time axis. In an example embodiment, each of the partitionied pieces 320
may have a fixed time duration Tp. If desired, the partitionied pieces 320 may have different

30 time durations. In the example embodiment of FIGURE 5, each partitioned piece 320 may



streankl16. Large cycle tines, however, may lead to long start-up delays. A
consum ng peer 110 may buffer a conplete cycle, for exanple N partitioned
pi eces 3280 2bwfanst3seani ess pl ayback may start. I n an eRawpBWOYNGSRs nment ,
the total nunber N of partial RTP streans nmay be between 4 and 10. In an
exanpl e enbodi nent of the invention, every partitioned piece 320 nmay start
wth an intra-coded picture in order to facilitate independent decodi ng of
partial RTP streans or sessions 216, for eaxnple, in the presence of packet
| oss due to a partial RTP stream 216 not being received. Aligning partioned
pi eces mmmd tgrone pr 0rRTP dpe padcem), dpoorsl 3l .ds amyampbu:mboidhnm\ﬁf tge an
intra coded c ure at the

f P d
i oot e Surp ol el R b g e e S o P 42

i ndi cat i lrt"ils 1§angnbﬁlg1 fodh@nt atoéast bﬁeSRTP?h@Het efo 6:h@ve$@g€enﬁﬁe ed@hpleuni t 310
wi thin the correspondi In an exanpl e enbodi nment,

i ng RTP session 2
partiti otfabpdimertcaf UR%afy theame gurdtipn of Hiedragtifeancd és egupkiedd fwlltlﬁewpﬂst i me
f
be tho pIAVLEEK fig'gngﬁ%ﬁg? paltBntd BEpe THFeqhpeloft RTP Qe iacku g 510/ REC™

st r eam 24 bided sreinh@ith wiratise ratehegqual tar2s fedmdshper fécoad, epeti pardtietkdpie@s32®20 may
be located at the origin of the RTP tine_line._In an alhernatlve

enmbodi mefATICY IBP?‘@CHHB%POPWQE%F‘P e pigtire framey For examploghesame¥idpe szamy at
any ar bi § paHidoRA fikced20tWith GHAE dhfa'ﬁ%n 'e%ﬁ}ﬁ 10 460 FRRErrich fefia Pnife Of f et
between the origin of RTP tineline and the origin of the first partitioned
pi ece 32@rreapaidgngatol i0rmctofe frameessThe partitioesd p;e@s 320 eﬁﬁ@%&ﬁ?nscﬁglqnh%li pige when

th [ b di t

the B cromORPBRet of Py el § B S en b P P oot P o Rt E 2T RO 110

t o ot her RPP&fréandsl Or tskivgs R 1M FIGURBS] or is efjua t6dSP PLAY reSIoonse message.

I n anot her exanpl e enbodi nent, the origin of the streammay be indicated in
a medi a deepsdipg t@é@@ﬂarpplie&mboéugent %EE&UBE S &ectimppering. pr BRSEYFle(ISDP) or a
torrent
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FI GURE 5T, Tiadn éxampléamnbaodiinents tiRsmoitidicd gisst timeturitioal Tpliirﬂlsetmami ar
sessions. According to the exanple enbodi nent of FIGURE 5, a RTP data unit,

or picketichapry tmttlhwtlilrﬁ%gwab tqsw@arlmrﬂﬁ%w%@%g%@@ﬁ@@t%0 qn BYGTE8%| RTP
streams gl ﬁ‘Q‘gE ﬁgltaﬂgﬁ g v aé[r§ sx'r%lur&%nfg ffbied bi%@esb?i %rhﬁtyopgr@hﬁ " mod”

represents t eration’ Th an ex:
data. Occurrence of a plurality of empty partitioned pieces 320 may lead to an empty partial

stream216. Large cycle times, however, may lead to long start-up delays. A consuming peer
110 may buffer a complete cycle, for example N partitioned pieces 320, before seamless
20 playback may start. In an example embodiment, the total number N of partial RTP streams
may be between 4 and 10.
In an example embodiment of the invention, every partitioned piece 320 may start with an
intra-coded picture in order to facilitate independent decoding of partial RTP streams or
sessions 216, for eaxmple, in the presence of packet loss due to a partial RTP stream 216 not
25  being received. Aligning partioned pieces 320 with group-of-picture (GOP) boundaries may
result in having an intra coded picture at the start of each partitioned piece 320.
A RTP data unit, or packet, 310 carries time information, e.g., timestamp (trrp), indicating
sampling instant of first octet of the same RTP data unit 310 within the corresponding RTP
session 215. In an example embodiment, partitioned pieces 320 may have a time reference to

30 aligned with RTP time reference, or origin of RTP time line. The origin of the RTP time line



enbodi nent of the invention, every RTP data packet 310, in the RTP nedia
session 215, is assigned to a partial RTP stream 216 using the RTP

ti mest anpWORTR/020848 ti ne duration TP of a partioned pi e®CETIBD0I/HI6R54 ot al
nunber of RTP partial streanms 216 N, and the paraneter to.One of the
benefits of defining partitioning pieces 320 based on tinme duration, e.g.,
pl ayback tinme duration, may be that all packets may remain intact at the
RTP | ayer. For exanple in video streanm ng, different RTP data packets 310
may correspond to content associated with different picture frames. In an
exanpl e @aphbeihvariaybablerimet orctitpestarnp,iod dirsi RN date paket 2tQ othaBTPstream 248. a

mul ti pl e, of, pl ayha urati,an- of one pictu frane, eac rtit.ionpng piece
520 conplnd R i 3 kTR eoRREe Bl 3% I oSBTy Y S BELRE.
216 may RTEminkeli, R terdtive @ ibodingaht, tAd origif of ehedirsOparfiiRddiadce 20cksa!t S
310, therefore_ avoiding any segnentati on of RTP data packets 310.

Segnent a8 lopated atreny agbifrarypeinteanthg RAP tigpeing A gase Akere i an Qffserpsween igs
216, gray.Si:gn ki inGr , | exi , i nl: ipn. In
one’ S peormbiflpr ReAhcihe A 1RA L BPUE PR skl UohedbickDSp0 T RGP

assi gni ngark yneRE.R., paprésehSngthd tine winenctht biaennoing sqraice iiastafdid? nstyrbease 16.  Key

RTP packets conprise, RTP packets rresponding to,.f exanple, intra coded
pi ot ur o BLEETAE B e A of Bt fgcdm ey OF sighalee frad prpy sotiee
conceal ngRt 110UBltHRbErRT ) RARK RIP-INBY hdd@el STONESP PPAY FRFERE InRRsagh Reer

110 may request the delivery of one or nore partial streans from anot her

peer 110another graeRlawpibedundnbdherengin of theestiepm|mayt besladicatedtima niddipesession

grang argty. di tr i Ng. i e I odi eer my
ot el in, B BB ST AP GpPLard BB rRR LR Bt Pl

enbodi Medignal an bffs@tddwrigh toxhpasineatindPdersstroeam nay be streamed. The number
of partial RITP streans 216 may be tuned to _achieve the target bitrate of a
partial Tabbe Elisteaset afparagnedas pysapinteditith FIGHERE deer 110 in the P2P network
100 has enough uplink bandwi dth to streamat |east a single partial RTP
stream nmpressed video content typically has variable bitrate for

exanpl e| Panameter ant [JParemeter-Naaer r pParasreteEDRcripsion. . i ntra- coded, picfure
may resuSymbeal nore bits than an i nter-coded picture. In an exanple

y
enbodi nent offpt he i NRtitiding pieed ect | Size of theReaflagt ipaititionl ngcpigueriataing o,
e.g., N and/or Tp, n@ye/dgagene i N al MaY of 8n RTPIsdssiir bal anced partitioni hg.
gingﬁ: fpmwﬂ_omm (RDOHAPPEN | ReprQnisTHABRER of HIERPP Wil iy, WM CT) af @

dalitl ar ygcj . V4 Iarr U C . - pal

L e e s T S R SR R
may be assighed-teo-fthe sane partial BrPPATTeam : —_—
Number of partial Determines in how many partials an RTP session is
streams subdivided
i Partial stream index | The index of the partial stream (where 0 <=1 <N)

15  Table L. Parameters associated with partial RTP streams or sessions.

Aécording to the example embodiment of FIGURE 5, a RTP data unit, or packet, 310, with
timestamp value tgrp, may be assigned to a partial RTP streams 216 with index i, is using the
equation below;

20 i =round (MJ mod N .

P

The operator “mod” represents the mathematical modulo operation. In an example
embodiment of the invention, every RTP data packet 310, in the RTP media session 215, is
assigned to a partial RTP stream 216 using the RTP timestamp trrp, the time duration Tp of a
partioned piece 320, the total number of RTP partial streams 216 N, and the parameter #o,

10



The nunber of partial RTP streans 216, N, may vary per RTP session 215. For
exanple, if the bit rate of a RTP audi o session 215 is already in the order
of nmagni tWOe0Wf020848i ngl e parti al RTP vi deo stream the RPRTABW0OYOGRFeam 215
may not be partitioned into partial RTP streans 216. The nunber of partial
RTP streans 216, N, may not be constant throughout the P2P network 100 of a
P2P service. In an exanple enbodinent, N may be changed at one or nore
forwardi ng peers 110 in the network. N nay be determ ned dependi ng on | ocal
metrics such as the avail abl e uplink and downlink bandw dt hs. However,
choosi ngOntef tharpenafits hf dafgiagpartitiening pigoes3 26 apdd ¢1i eme dhratidesi-gnplefbacke

partitioping functional jty. According to.an e | odinent of. t.he
Phvent i ofmesutf mRCR: e SR A demiinr il A6 FIPTRGF TRF e afbedile 216
to a partides bt@é’anﬁ@%@lﬁffér@ﬂ RER Hata phcketsd 0l b ecqradsporil toldbitesit 4secdimedmythbe
streaned in a single RTP session 215 or in separate RTP sessions 215.

FI GURE ediffsreat picaife frmgs- dras £xamplecabediagmt pheredbe patifioning giese ABpLUeR me

t ranspor r 2=Yol] > | : ral i Fp ]

st 1 o iy BoekR3OnufE & phybEAChkRod B GheiBlid Burkd Yo pRREG AL pRIES20. 1 o,
At bl ockcehififiseshn ineepet nomberpHR TRdatRpR ke s BartinaSR PR StresssiTlitahadthan b a nedi a
RTP stream 215 are set up, for e, by a i pary sour.ce peer 110'.
Setting HEHBAAies erfied %@?&F&ﬂg?ﬁ?o%wﬁﬁ%?ﬁéég%ﬁ@wv gay;

det er m nidyehehBBioRBITREP dafa Rekdis 310.SEE e RAALPBER TR Aataabkets D40, WiRRSM L i ng
paranmeters associated with the partial RTP sessions 216 to one or nore

ot her peeratingi@ytial &IH stieams 2éGLosy sighifioanthniacrsaserthe eoroplakity pletbes 110
requﬁjstin to rtet?ei ve at | east one partial RTP session, or stream 216, and
sendi hg 88?1%% %ssages to the received requests. In an exanple

enbodi Ment oneRRIFecPb iR liveRE6H, enhdiited FEHIsGESMAL B &Hidved b9 abdigniRg kEPRIPSOUr Ce
peer 110', for one or nore partial RTP streans 216. The requests my

conpr i sePackelis 3P tomogss thameng pagtial R B stpeam 2 H)- KryR'ER packgts compgise RTRdi ces of

parti al . i C ' A i

acknow e gc g ?rlé tr?g) Egsg%{l?f}qu ‘r?% g%ﬂeés%lez? [H{)al Cg)g E&ﬁ%&é g?ta ?@glsdf § gﬁﬂe{&ng é}tgffrg({hﬁ%c ket
310, of thaem&IRelpReioac@icesiarn® Duplicste RTP gickels hmydk rémasdd wpoa reeptioml RTP
sessjon 216, for exanple by a primary source peer 110, According tqg_an
exanpl e Brseal {ERRY tauesh ghe Wﬁrm%ﬁpepﬁ@oa%eargﬂrﬁgﬁemafrowom gegddRet s 310

Y o 008, BSRPILLRG FpRGLLMT A ARSI Y R el b
310 are Thenismntkadpleembsdiment,va peer may et stream a fraction of a partial RTP stream
216. In an alternative embodiment, a fraction of a partial RTP stream may be streamed. The
number of partial RTP streams 216 may be tuned to achieve the target bitrate of a partial
20  RTP stream. It is desirable that each peer 110 in the P2P network 100 has enough uplink
bandwidth to stream at least a single partial RTP stream. Compressed video content typically
has variable bitrate, for example, an instantaneous decoder refresh (IDR), e.g., intra-coded,
picture may result in more bits than an inter-coded picture. In an example embodiment of the
invention, selection of the partitioning parameters, e.g., N and/or T,, may be done in a way to
25 avoid un-balanced partitioning. Unbalanced partitioning may happen if, for example, IDR
pictures, which are significantly larger in size than other pictures fall into the same partial
RTP stream 216. If desired, RTP data packets corresponding to IDR pictures may be
assigned to the same partial RTP stream.

The number of partial RTP streams 216, N, may vary per RTP session 215. For example, if
30 the bit rate of a RTP audio session 215 is already in the order of magnitude of a single partial

11



correspondi ng partial RTP session 216. For exanple, a peer 110 in the P2P
networ k 100 nayrequest one or nore partial RTP streans 216. The one or nore
partial RVP28twW2e848 216 are transnmtted to the requesti RETABEOYVORBI
exanple by the primary source peer 110'. According to an exanpl e enbodi nent
of the invention, an apparatus, e.g., a primary source peer 110', may
conprise a nenory unit to store nedia data associated with one or nore RTP
stream ng sessions 215 of a nmultimedia stream ng session 210. The apparat us
may al so conprise a processor configured to performthe nethod described in
FI GURE RTExaleplsesamfthe RTPaudar siteam 2d6 mpayi ¢ ba pamsitioned tiéw partial RTP afseanps
conput er 162 deskt op conputer, and/or the |like. The apparatus nay al so
conpri s gncodi ng nodul es to encode the nmedia content into conpressed

f or m('s) . THGHRAEr 8O pAreiaPRTEX@8dhL2 ITNO a6t bedéonbfagt thiot@Rbhthe PP @etweirkod
described in FIGURE 6 may be inplenented as a program conputer code
enmbodi edl00pfiaP2® sepvipm e an pxaeRld PebadigicamV mp angpd akOre BRI agr am of a

th i M i - RTP: ] i 16
necord ngyyting' rEES no2R e Sou R AR dd i EACBEAGATOE foca B B8 Such 0
node, f afs thxavgilable pplink andlébwilthk Hantdwiitiss. F2Rvavet, whoksing thg. samPAPthnatghoutk

100 associated with a P2P stream ng service, or application. At block 520,
t he _peert ﬁBEf&’oiliﬁ)‘“_} 167 é@ﬁ?ﬁf’&?ﬂﬁtgﬂaﬁtﬁ_‘qné‘}ga@@‘&lqnéﬁ t least two partial RTP
sessi onsp<Ladias &P é&aﬁ%l%hﬂocﬁm@ﬁp ofTRdirRefidne 8 PngR soBREPemey Send! N an

exanpl e enbodiment, the information is a notification conprising one or
nmor e parmaniipler partia IRERsireamst21 6 tpapaitighlarEreiyingagas The snuleplg parti REEr  of

i-al RTP d i f iti i . l'i ke.
B gt b e St dln Ao R o2 ol SR R B A eer o

primary FGURE 6Ree flowlflagraflof hideth&DROLAE partitiofingtahealltini€ trad¥poltl ppetscd30,
t he peer node sends_at |east one request, to at |east one other peer 110,
for at |mediesEenn pht int@p pRrdityof partipl RFP seepmipy sespipgs 21¢acqopp@ &t #hg peer

110 may gl | idnO Al bibck §90!S8 tdadtwo/fartBl {31g peer
110, SR SEELIGR AIRPRERGON Lk T4 gl Sont e
exanpl e a’xutdedeith,a média RAPrstieay 245 ace seeop i fueexargda Gy @)minycouoa@ear nor e
other peers 110, for examnle, requesting forwarding of one or. nore of the
par ti°al RPP 384y ‘Bh%arl;l%lclgf K &ds9)s g’rémﬁ)é PMATS, One,pr g‘ﬂﬁrﬁ Og degainipgbepeer
node mayyfrip %FPﬁniaﬁﬁTf’ QEMRING 216 R I RARES RN gﬁﬂahﬁ{erﬁﬁoéﬁﬁég AR, OF
st rean( sg, 21 o the one or nore Tequesting ers 110. The peer node nmay
al so r ecpangalRIR $essiofSTPl Meding os troeaather prers W), rescivingamquestst freth oRE Pr medi a
h .
streams oat gr p%gpsslq%gql}estelng %nrsegeri{fjecgtefgasﬁgrﬁ prge}t?zlth{'lsl; ge%gg}l, or stream, 216, and
sending response messages to the received requests. In an example embodiment, one or more
20 peers 110, may send requests, to the primary source peer 110, for one or more partial RTP
streams 216. The requests may comprise indication of the requested partial RTP streams,
e.g., indices of partial RTP streams. The primary source peer 110’ may respond with an
acknowledgement of the requests.
At block 420, at least one RTP data packet 310, of the RTP media stream 2135, is assigned to
25  atleast one partial RTP session 216, for example by a primary source peer 110. According to
an example embodiment of the invention, the assignment of RTP data packets 310 may be
done according to the partitioning process, or procedure, described with reference to
FIGURES 4 and 5.
At block 430, assigned RTP data packets 310 are transmitted, or sent, within their

30 corresponding partial RTP session 216. For example, a peer 110 in the P2P network 100 may
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According to an exanpl e enbodi nent of the invention, a peer 110, perform ng
the nmethod described in FIGURE 7, is an apparatus conprising a nmenory unit
to store,Wbap10aRes¥pl e, RTP data packets 310 associ at ed RCTABZOY0@WRS40r e
partial RTP stream ng sessions 216. The apparatus al so conprises a
processor configured to performthe nethod described in FIGURE 7. Exanpl es
of the apparatus conprise a nobile device, a | aptop conputer, a desktop
conputer, and/or the |like. The apparatus may al so conpri se encodi nhg nodul es
to encode the nmedia content into conpressed fornm(s). According to an

exanpl e I@mapmmoﬁe pattel RFWesm:ams\Zl@ Hiherpme oo ehode partipIREP reamsGIRRI may
be |nplenent .am co ter d nbodled in.in

corput er ToBie B e RaieH A PEOREOG ot By FERIPREY sbleh Bt Pust rati ng an
exanpl e Aédamihgrwan Qfarﬁﬂ’ﬂ@elﬂbd)dlh‘ﬁﬁb/omﬁe pachtic, aﬁ@p[barzitum d. r aprapatytsoproet ocol
streans 216 across nultiple peers 110 in a peer to peer network 100. The

nodes i nPeef ELSREM3Y F@@P@%eean@“e@@é}f%UIQtPGt%ﬁ@lquﬁbd%@iégc@‘éﬂNé%‘é?‘i‘@ % &are RTPRTP
st r egfrs s%jegnunn?sre%l?lln s TSR ShAARdia sﬂ‘éﬁﬁﬁ& gess%;@zfmgg ﬁd@?{n%ta hRoeach

edge. The nu partial streans I's set to e so rce peer PO
in the groagirisea. ;goc;esidneorsﬁgurﬂbtoqferibha tht meﬂmimlgscmba@lmELGWRE§eEdamglesiaf ato
peers Pl, P8 and Pl O .Peer @Ag sou

i t | P st 1 2t Pl
D ar (116 DR RO COTirite Eanaliip ViR Bl hhcBai st s ak opae PR el e ©

upl oad biige. TA¢ 8pp@itueMAy RBE tSmPRAAiofidg dldﬂu@é@ t@éﬁé&dh%&ﬂ@&ldb&ﬂeﬁt iftfo the
i nvention, special extensions to RTSP nmay be defined for setting up

stream r@ﬂéﬁreﬁﬁaqlfqrm(s)RTP streans 216. For exanple, the extensions may be

osord, 0 AL LRhe e LI B0 FOR AL S, ILBRE RSt i tung
met hods muyg be afpl&méald ang pidghin cdiput&Eddde emodixd ih $n £xdeputedrebdatileic] ude t he

addi tional "P2P-Extension" feature tag in the "Require" header field. This
feature If‘ﬁ%}u’ﬁ‘akes it possi ble for a receiving peer 110 to det ect t hat

support t S¥ 1; 'lslj'ICh a
message nggﬁép] E)ée w | > lggtg E’g%gl’fﬁqlgceﬁtﬁgggk ?0 0 o RTSP/ 1.0
CSeq: <#streRming sreesmrBZJ%Extc&dmgan ail exarsplo retnboéMﬁanﬂiPtha mmwxasou At block 510,

cli er%t pa? éeter 1<1(S) e Ef‘orrg;(%%fe p<e(e::9 rrllcgc{e?!l(g) %ltni a P%%rn%f\;or eg: grgl P2§T§Fv’v/o]k,010600 X

associated with a P2P streaming service, or application. At block 520, the peer node 110

receives information related to at least two partial RTP sessions 216 associated with a RTP
media stream, or session 215. In an example embodiment, the information is a notification
comprising one or more parameters related to the partial RTP streams 216, e.g., number of

20  partial RTP streams, duration of partitioned piece 320, and/or the like. In an example
embodiment, the notification is received from a source peer, a primary source peer 110°, CL.
111, SDS 140 and/or the like. At block 530, the peer node sends at least one request, to at
least one other peer 110, for at least one partial RTP stream, or session, 216. The requesting
peer 110 may also receive a response to its request(s). At block 540, the peer receives the

25  requested partial RTP session(s), or stream(s) 216. In an example embodiment, the peer may
also receive messages(s) from one or more other peers 110, for example, requesting
forwarding of one or more of the partial RTP sessions received by the peer 110. In such a
case, the peer node may transmit,.or forward, the requested partial RTP session(s), or

stream(s), 216 to the one or more requesting peers 110. The peer node may also reconstruct

13



CSeq: <#> Transport: AVP/ RTP; unicast;client_port=<streanport> The RTSP PLAY
syntax nmay be extended as follows: Peerl-> PLAY rtsp://x.y.z.w audio

RTSP/ 1. 0 WoepR/02@88q: <#> Require: P2P-Extensi on Parti alPCHIB2aNN06254

pi ecesi ze_i n_nmsec=<#>; nodul o=<#>; remai nder=I, 3, #,.. Peer2-> RTSP/1.0 200 X
Peerl: CSeq: <#> Partial _Stream piecesize_in_nsec=<#>; nodul o=<#>;

remai nder=Il,3>#... RTP-Info: url="rtsp://x.y.z.w audi 0" rtpti me=6030 The
paranmeter to may be optional, and so the RTP-Info header field in the
exanpl e above nay al so be optional. According to an exanpl e enbodi nent of

t he invehe Mﬁ,m@ﬁmmmﬂomﬁgﬁi respiveg partiet RibP knedpresteening agd gensupes ithepl enent ed
usi ng anoeﬁtqn%ggrﬁe%J.tépe stream ng protocol RTSP. RTSP nethods may be
ext ended PYES sglgﬁb 5f fror e addi tional feature tags related to

r eal - P2PA&tdng toditexalple enibddiieneofltBdinventibn, a pErAAB; perforfiyg the mislesl i n t he
"Require’ header field, to indicate support of RTSP_extensions associated
wi th redeseribed imFETHRBE 7, d0an IParalipfchosprisgys afeemeniuniy tg sife.doaeample,

enbogdi Mgt gi ipﬁclieg?é Ma%s&ﬂged {withione b%g?éa?qgiél’Rﬁgﬁ?&nhﬁ%g%ﬁ%h?bf‘6. 9 the

receiving peer to detect that support e real -tine extensions is
desi r ed.appdiSRs nispsagesisesy p@cetocamfigied ta péréadethe methall dessobedaned wi t h

peer id ification (Pl e.g., a 'Peer-1d header fjeld. The header field
Pesoc atdaURE B BBl Fh HeRo R SRS eSO e i EBUBe BT Si g ¢ he
header fjegkedp a&%?&ﬂe@taﬁ@/omﬁehn@! Phe ﬁplﬁratusaiﬂagb geatbhpaatdneddial nidilesesir ce

peer. Qther additional header fields may be added depending on the type of
message.engddathe medir contedt inigcemprss§ediform(fe P2P overl ay network a peer

i dent.i fier 2l D). may be,requested from SDS. 14Q. T ue f eer
| Sonbt {1 &beotdiblo MEragid SHERRES: deRTlvERictthe o S4B InJf1ce P
OPTI ONS dyBht iisisiagfieddya pRFRIh 86mputtBehde Reibodied i@ iPd Ebmputg-readdtigsPeer | d'

in a header field of the OPTIONS RTSP nessage, e.g., 'Custer' header field.
Bef ore rBediiMi ng PID, the peer may set the value of PIDto - 1 in the

e FRTRERSqSr e SRR CRSAARE SOl BB VRS
a 200 OaRifbreareinsagmsport praaodod sitkeams 216 across multiple peers 110 in a peer to peer
15  network 100. The nodes in FIGURE 8 represent peers 210 and the edges represent partial
RTP streams 216. Partial RTP streams’ indices i are indicated next to each edge. The number
of partial streams, N, is set to four. The source peer PO in the graph, e.g., the source of the
streaming service, is sending data to peers P1, P8 and P10. Peer PO is sourcing partial RTP
streams 1 and 2 to P1 and partial RTP streams 2 and 3 to P8 thereby effectively doubling the
20  upload bit rate between peers PO and P2.
In an example embodiment of the invention, special extensions to RTSP may be defined for
setting up streaming of partial RTP streams 216. For example, the extensions may be used to
signal partial RTP stream parameters from one peer 110 to another peer 110. Setting up of
partial RTP streams 216 may be done with RTSP methods such as SETUP and PLAY. The
25  SETUP method is extended to include the additional “P2P-Extension” feature tag in the
“Require” header field. This feature tag makes it possible for a receiving peer 110 to detect

that support for P2P extensions may be required. Example syntax for such a message is

shown below:

14



field associated with PID, e.g., 'New Peer-1d header field. In an exanple
enbodi nent, the PID may be an unsigned integer value. The value zero may be
reserved woro0to208BDS 140. Exanpl es of the OPTI ONS and 2G0TOBORIBM25Messages
are shown below. OPTIONS * RTSP/ 1.0 CSeq: 763332 Require: RTP2P-vl Custer:
NewPeer| d Peer-1d: -1 RTSP/1.0 200 OK CSeq: 763332 New Peer-1d: 430
Peer-1d: 0 When joining a selected cluster 130, a peer may receive an
initial list of potential source peers, e.g., peers 110 fromwhich nedia
data may be acquired. In an exanpl e enbodinment, the initial list is

recei vedPgeronPaer: 11 SETYP rismdxvsaw/@edie RTS8 1¥st er 130. According to an exanpl e
embodi nent of the i §¥8nht%on, CL 111 may send only a subset of peers 110,
for exanple if the REAHIEPLBEXENSIOPs 110 in the cluster 130 is large. If
desired, CL 111 nay 'SBQMAVREID Rcastdient POrpRsHpamAo><HOURRPYELt ed cl ust er

130. CL SO eers 110 joining the cluster 130 to its peer
list. é‘ifl%mlé/ﬁﬁ%t E? (&%ngarrpl e enbodi nent of the invention, proximty
testlng in source p wi.thin a sel ected cluster 130, nmay
be opti onal since cl [?gfpgﬁ@g@ 't"?‘i%‘ﬁ“ﬁ?”&@%u? reaﬁ%ﬂ? guar antee that peers 110,

vvithin re clpse a ther | f desired, the joining peer
110 may §F L%[%P%'n aé(urpaeg%%xet%nsdeg g?c’lé))?ésrrpl e, until sui tabl e ones are

f ound. Tﬂgﬂj 0| n| ngLAqel:tes\ Qﬁ?w%uﬁlgﬁs% ed ve updates of the list of potential

sour ce S Mhl|%s eriodical keep-alive nmessaging. Thus, in an
exanpl e en‘Sodl nment, Ji q,zl,bagnsﬂlﬁpotentlal source peers, for a peer 110

consum ng a P2P sgg ]5|re e'ﬂﬁ% B RSek tmbH?ﬂot-Q#ﬂr%hﬁm 199 the service.

According to an exanp |rrent 0 e I nvention, g%s 140 is informed of
CL 111 C & t| on, % and/ or change by sendi ng an OPTI ONS RTSP
rressage,Pf§ SDS 1 gﬁ TI ONS RTSP nessage corrprl ses a tag, e.g.,

updat e’ n the ' “er' header. fjel ssage vmth t he
"update' tag allo rﬁ '3 Phc )@L%@"@%Jo Q#> 'ﬁ% |°'< gﬁerﬁgg&’ggt at SDS 140.

In an exanpl e enb r?eoh?r Etﬂ’e(/ rté |onal entity in the network

5  The parameter #p may be optional, and so the RTP-Info header field in the example above

may also be optional. _
According to an example embodiment of the invention, clustered overlay P2P network
operations may be implemented using an extended real time streaming protocol RTSP. RTSP
methods may be extended to comprise one or more additional feature tags related to real-P2P

10  extensions. For example a tag, e.g., 'RTP2P-v1' may be used in the 'Require' header field, to
indicate support of RTSP extensions associated with real-time P2P applications and/or P2P
network. In an example embodiment, this feature tag, i.e., 'RTP2P-v1', makes it possible for
the receiving peer to detect that support for the real-time P2P extensions is desired. RTSP
messages may also comprise a header field associated with peer identification (PID), e.g., a

15  'Peer-Id' header field. The header field associated with PID may indicate the source of the
message comprising the header field associated with PID, e.g., an identification of the source
peer. Other additional header fields may be added depending on the type of message.
When a peer 110 wants to join the P2P overlay network a peer identifier (PID) may be
requested from SDS 140. The request for the peer identifier (PID) may be performed using

20  an OPTIONS RTSP message. The OPTIONS RTSP message may comprise a tag indicating
PID, e.g., 'NewPeerld', in a header field of the OPTIONS RTSP message, e.g., ‘Cluster’

15



and may al so participate as a peer

110 at the sane tine, e.g., by receiving

and sendi ng nedia data. Below is an exanple of OPTIONS and 200 OK RTSP

nmessages WOed10/i3n843| ust er updat e;
RTSP/ 1. 0 CSeq: 974155 Require:
Content -Length: 381 Content
8555 Peer-1d: 702 <cluster cluster
| pAddress="192 .168 .0 .2" port="8
<peer peerld= "706" |pAddress-"192

RTP2P- vi
- Type:

OPTIONS rtsp: //192 . P68/1B2009/8%32W 128

Cluster: update Cluster-1d: O

text/xm dAd-Peer-1d: 702 Cient-Port:
| d=" g"> <clusterlLeader peerld="702"

555" joi nTi ne="1213727001" /> <bcl Li st >
168 .0 .3 " port="8555"

j oi NTi mdwade? f@kiz BeR3t r¢ceividHBIN,ithe peex n@yghtttbc valge of RHD irstlan thd OBTEONE="| "

<cl uster

j oi nTi

"7 " 192 0 4"

K CSeq: ex%ﬁrb%ﬂ?mﬁedtdthe PesPERdR Tk sBpet iBa el POCORNIDSIP Rdage withheheader

I nventi on,

5

10

15

20

25

30

35

a peer 110, or a prinmary source peer
field associated with PID, e.g., 'New-Peer-Id' header field. In an example embodiment, the

PID may be an unsigned integer value. The value zero may be reserved for the SDS 140.

Examples of the OPTIONS and 200 OK RTSP messages are shown below.

OPTIONS * RTSP/1.0
CSeq: 763332
Require: RTP2P-vl
Cluster: NewPeerId
Peer-Id: -1

RTSP/1.0 200 OK
CSeqg: 763332
New-Peer-Id: 430
Peer-Id: O

When joining a selected cluster 130, a peer may receive an initial list of potential source
peers, e.g., peers 110 from which media data may be acquired. In an example embodiment,
the initial list is received from CL 111 of the selected cluster 130. According to an example
embodiment of the invention, CL 111 may send only a subset of peers 110, for example if the
number of peers 110 in the cluster 130 is large. If desired, CL 111 may send a comple list of
peers in the selected cluster 130. CL 111 may also add new peers 110 joining the cluster 130
to its peer list. According to another example embodiment of the invention, proximity testing
in source peer selection, e.g., within a selected cluster 130, may be optional since cluster
selection procedure may guarantee that peers 110, within a cluster130, are close to each
other. If desired, the joining peer 110 may test selected source peers, for example, until
suitable ones are found. The joining peer may also receive updates of the list of potential
source peers while performing periodical keep-alive messaging. Thus, in an example
embodiment, the list of potential source peers, for a peer 110 consuming a P2P service, may
then be kept up-to-date during the service.

According to an example embodiment of the invention, SDS 140 is informed of CL 111
creation, departure and/or change by sending an OPTIONS RTSP message, to SDS 140. The
OPTIONS RTSP message comprises a tag, e.g., ‘update’, in the 'Cluster' header field. The
OPTIONS RTSP message with the ‘update’ tag allows maintaining an up-to-date cluster 130

16
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110', may create a P2P service by sending an ANNOUNCE RTSP nessage to the
SDS 140. An exanpl e of ANNOUNCE RTSP nessage describing a |ive stream ng
servi ce 1'§WO2htVN08381 ow; ANNOUNCE rtsp: //192. 168. 0. 1: PEFEB20BIBB2H. 0 CSeq:
763334 Require: RTP2P-V1 Content-Length: 572 Content-Type: application/sdp
Client-Port: 8555 Peer-1d: 430 v=0 0=430 0 2 IN I P4 192.168.0.2 s=Live
StreamngC=IN1P4 0.0.0.0 t=0 0 a=service-type :live nmrvideo 8234 RTP/ AVP
96 a=rtpmap: 96 H264/ 90000 a=fntp: 96 packet ization-node=l ;prof ile- |evel
-id=42c@8 3 ; sprop-paraneter- sets=Z0OLAM6t BYnf +AXwBBi AAAAVAI AAAB JHj

Bl Q=, aI\VKSBgtAQ;BS l46darnicahmplafeoibodinemarthe CHA11; ipia éaetiogal zatity i0Ohe mvwork

-parti al mFaudi.o 3456 RTP/ AVP 97 a= r eri.c/ 160

22F it pr RAOTRIS-EIT DATHCIBE a5 pren 104 e Spihe Lo € - b FEDAREE HY Sendfig Pt 1410
; Si zelengd Belov 1s|dﬁ¢&éﬂn9ﬁﬁfmION81ﬂﬁP<m ORFETBH fiessageshised Fdr@Rister update;
a=partial-inf o :streamid=0 ;piece-size=100 ;nb-of -partials=l ; In t he
exanpl e OWRMGESP@P%@ﬁa%é 8554/ARP PP © header field indicates the

port nurﬁ?@?l;eo Q in the overlay comunication. The service is
descrl beéfq‘ig’§ No, E;& seSS| on description protocol (SDP). Two SDP attri butes,
'servi cem¥per-1andy ' partial -info' may be used to signal the service
i nf or mtdcaBentFhengtaer véce-type' attribute defines the type for the service.
The 10pardonakntTipé: akekrixdolit e may conprise an identifier for the RTP

st ream rigdsBesxi-aa: aivd
ient-Port: 8555

Peer-Id: 702

15  <cluster clusterId="0">
<clusterLeader peerId="702" ipAddress="192.168.0.2" port="8555"
joinTime="1213727001" />
<bclList>
<peer peerId="706" ipAddress="192.168.0.3" port="8555"
20 joinTime="1213727023" />
</bclList>
<neighborLists>
<cluster clusterId="1">
<clusterLeader peerId="703" ipAddress="192.168.0.4" port="8555"
25 joinTime="1213727086" />
</clusters>
</neighborList>
</clusters>

30
RTSP/1.0 200 OK
CSeq: 974155
Peer-Id: 0

35  According to example embodiment of the invention, a peer 110, or a primary source peer
110’, may create a P2P service by sending an ANNOUNCE RTSP message to the SDS 140.
An example of ANNOUNCE RTSP message describing a live streaming service is shown

below;

ANNOUNCE rtsp://192.168.0.1:8554 RTSP/1.0
40 Cseq: 763334
Require: RTP2P-vl
Content-Length: 572
Content-Type: application/sdp
Client-Port: 8555
45 Ppeer-Id: 430

v=0

0=430 0 2 IN IP4 192.168.0.2
s=Live Streaming

17



parameters associated with partitioning of RTP session. As a response to an
ANNOUNCE RTSP nessage,, a 200 OK RTSP nessage nay be sent by the SDS 140.
The 200 OKORT®P208I8sage conprises 'Custer-1d" and/or ' S8ETHBUEINW25header
fields to describe IDs for the initial cluster and the newy created
service, respectively. A 301 Moved Permanently response nessage nmay al so be
sent, for exanple, to the creating peer, if the SDS 140 has been noved to
anot her location. In a redirection case, a 'Location' header may be used to
infornlthe creating peer about the new | ocation of SDS 140. Receivi ng any

ot her 4 Yp@.0-€. 9., not the 200 OK RTSP nessage may be interpreted as
a faile =|92 service creatl on. The 200 OK RTSP nessage sent by SDS 140 nmay
be |nter:pr°’8g\é1(f y‘f service is successfully created. An exanple 200
oK R'gSPam; Oresponse to a session creation request is shown
bel ow; FéIS Qq‘%g mod@3834oEl Ust eVe1l-da-4bcogsvi ce-1d: 87 Peer- Id:

0 For a @i6§§£a&fahét|e)t Eétfh'i:TZeﬂANBzBYfSﬁMWMAAMIRMHJabBIdA,ISMQB’gAlQ»Q may be
creat ed dpasela@einfigsardEn-1d41; piacaniscanple-efheditherd=4;a first peer

j oi ni ng whedsep¢be RTRBZVIDE7assi gned to be a CL 111 by the SDS 140.
Accdfdi ryreeram st H'é%egéx%ﬁ?ﬁlfec/éﬁﬁ%h ment, the original datasource

pri mary %‘58\"%@78%@?‘*‘1‘%@‘3 Smaﬁf él ;j&"?irlgfl mi‘ie_LAlA ?kﬁ E%‘?f\}igcb41°The CL

111 may SWEE qui iﬁ@ ;bﬁéll 50D @OEL %hﬁz@i‘alfﬁ new peers join the

= tia
servi ce,” BCL be assi g 1n"an exanpl e enbodi nent,

the @ssigneil, e R@gk&wﬂspm h%v-glem L bdhy E@Pﬁk@ﬂﬁd&é&m%@ge

vmth for exanple tag int uster eader fireld. If "a peer
accepts ndmd)eBCd_beamﬂgmﬂremVerlay oceymeeicaticn. 700 sédkicresdagrbed dsing thesessmes not

t ot BCL it d a,403 Forbjd
oS sageciesatiion proiodSBEyr o BB SEBHh e Ree R B TR 1t 5p:
6 / éggr ) ﬂt@%lgngl tBe s BmEcH The QelvRRUAypS 3RABuEMLSAG the Bpe othEhatsicer - | d:

The 'partial-info' attribute may comprise an identifier for the RTP streaming session and
20  parameters associated with partitioning of RTP session.
As a response to an ANNOUNCE RTSP message,, a 200 OK RTSP message may be sent by
the SDS 140. The 200 OK RTSP message comprises ‘Cluster-Id' and/or 'Service-Id' header
fields to describe IDs for the initial cluster and the newly created service, respectively. A 301
Moved Permanently response message may also be sent, for example, to the creating peer, if
25 the SDS 140 has been moved to another location. In a redirection case, a 'Location' header
may be used to inform the creating peer about the new location of SDS 140. Receiving any
other message type, e.g., not the 200 OK RTSP message may be interpreted as a failed P2P
service creation. The 200 OK RTSP message sent by SDS 140 may be interpreted as the P2P
service is successfully created. An example 200 OK RTSP message sent as a response to a

30 session creation request is shown below;

RTSP/1.0 200 OK

CSeq: 763334

Cluster-Id: O

Service-Id: 87
35 Peer-Id: O

For a successfully created P2P service, an initial cluster 130 may be created by selecting a
CL 111. In an example embodiment, a first peer joining the service may be assigned to be a

CL 111 by the SDS 140. According to another example embodiment, the original data
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Require: RTP2P-vl RTSP/ 1.0 200 OK CSeq: 53559 Cient-Port: 8555 Peer-1d:
432 If a CL 111 is leaving the P2P network it may be replaced by one of the
BCLs 112,wonotom208dnme cluster 130 as the CL 111. In an @<aAproed/ersdddi ment ,
in a cluster 130 without an active CL 111, new peers nmay not be accepted
into the cluster 130. Peers 110 in a cluster 130 may not be able to

di scover new peers 110 joining the same cluster 130 during the CL change.
BCL 112 may send a GET_PARAMETER request nmessage to CL 111. |If BCL does not
recei ve a response fromCL 111 it may conclude that the CL 11 1 has |eft
the cl uﬁoerce;L@e pmﬁ@rmrmetbm aoRy mefnéﬁ%ulhglraﬁhe srviconEhebddde
requestln I ce th 111 n.cas r 112 in
a cluster: Wﬁlt fgpdfﬁl ggreselég%? hr?esgrsvéceeg”lss ?V %glllsdceng‘q #‘ee %ér}ay eﬂ%m ghed
as the naay b asbighed Bgeﬂmcmunllﬂgnaaanplbuﬁtb@ﬁmmy thsessigmmmewneﬁsgmed CL 11
1. Oher BCLs 112, in the cluster 130, may receive a 301 Moved Per manently
nessage fB@)Yrbﬁ" ?@?‘?Y&QW?WPTW%B&?P f{l?ﬁéag?ewﬂéﬁﬁ griewlebaghup’ g Bt her
BCLs nay f I the
"G adt or CHRRE fRRICHTEEN BEs SaiBiathd BoIL SRR iy Sond £000 DR eyt 1)
the old e@xeeitfllods rivh acaept the BIGL aslsgnnieustltena)&mdhm%ﬂ:axbiﬂd@ mcssamﬁxamp;c

I ssues, the OPTIONS nessa be redire si'{:’d to,the new CL 111 by the SDS
140, The ST EEsEEeR A 2 TG huudeL 4 HEmen 3¢ SPGB EING t oan exampl e

enbodi ment. Exanpl e nmessages sent in the CL 111 repl acenent are shown

bel ow, GETIOWRANVEIER1pE SYps. ¢ /3k92854V88 RMBP/R.0 8555/ 87 RTSP/ 1.0 CSeq: 1470401
Reqdlore CREP2RSYL Leader - DB- Version: 2 Nei ghbor-DB-Version: 2 Peer-1d: 432

OPTI ONS Cflflgéer/}ogglc?lp 168. 0.1: 8554/87 RTSP/ 1.0 CSeq: 553591 Require:

RTPZP-V'CluS er-1d:
Peer-Id: 430

Require: RTP2P-vl
15

RTSP/1.0 200 OK

CSeq: 53559

Client-Port: 8555
20 Peer-Id: 432

If a CL 111 is leaving the P2P network it may be replaced by one of the BCLs 112, in the
same cluster 130 as the CL 111. In an example embodiment, in a cluster 130 without an
active CL 111, new peers may not be accepted into the cluster 130. Peers 110 in a cluster 130
25  may not be able to discover new peers 110 joining the same cluster 130 during the CL
change. BCL 112 may send a GET_PARAMETER request message to CL 111. If BCL does
not receive a response from CL 111 it may conclude that the CL 111 has left the cluster 130.
The BCL may contact SDS 140 using an OPTIONS message requesting to replace the CL
111. In case there is more than one BCL 112 in a cluster, the BCL whose OPTIONS message
30  isreceived first may be assigned as the new CL 111. Peers joining the cluster may use the
new assigned CL 111. Other BCLs 112, in the cluster 130, may receive a 301 Moved
Permanently message comprising information about the new assigned CL 111. The other
BCLs may send an OPTIONS message with, for example, a 'join_bcl' tag in the 'Cluster’
header field to the new assigned CL 111 and keep the BCL role. If the old CL 111 has not
35 left the cluster 130 but has had connectivity issues, the OPTIONS message may be redirected
to the new CL 111 by the SDS 140. The old CL 111 may become a BCL 112, according to
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Cluster: update Cluster-1d: 1 Peer-1d: 432 Ad-Peer-1d: 430 Cient-Port:
8555 RTSP/ 1.0 200 OK CSeq: 553591 Peer-1d: 0 RTSP/1.0 301 Moved Permanently
CSeq: 55380Ro0ionret43on: rtsp ://192 .168 .0 .4 :8555 C usCeEnBiody/0db254
Destination-Peer-1d: 433 Peer-1d: 0 OPTIONS rtsp: //192. 168. 0.4: 8555/87
RTSP/ 1.0 CSeq: 123456 Require: RTP2P-vl Custer: join_bcl Peer-1d: 432
Client-Port: 8555 Cluster-1d: 1 RTSP/1.0 200 OK CSeq: 123456 Content-Type:
text/xm Content-Length: 315 Peer-1d: 433 <cluster clusterld="1">

<cl usterLeader peerld="433" i pAddress="192 .168 .0 .4" port="8555" />

<bcl Li stan expmple qrelmdimietitdBramplp Mepdsages sent gpthe €381 Ligreplaeepentiace €983 | >

below;

GET_PARAMETER rtsp://192.168.0.2:8555/87 RTSP/1.0
5 CSeq: 1470401
Require: RTP2P-vl
Leader-DB-Version: 2
Neighbor-DB-Version: 2
Peer-Id: 432
10
OPTIONS rtsp://192.168.0.1:8554/87 RTSP/1.0
CSeq: 553591
Require: RTP2P-v1
Cluster: update
15 Cluster-1Id: 1
Peer-Id: 432
Old-Peer-Id: 430
Client-Port: 8555

20 RTSP/1.0 200 OK
CSeq: 553591
Peer-Id: 0

RTSP/1.0 301 Moved Permanently
25 CSeq: 553591
Location: rtsp://192.168.0.4:8555
Cluster-Id: 1
Destination-Peer-Id: 433
Peer-Id: 0
30
OPTIONS rtsp://192.168.0.4:8555/87 RTSP/1.0
CSeqg: 123456
Require: RTP2P-v1
Cluster: join_bcl
35 Ppeer-Id: 432
Client-Port: 8555
Cluster-Id: 1

RTSP/1.0 200 OK

40 cseq: 123456
Content-Type: text/xml
Content-Length: 315
Peer-Id: 433

45 <cluster clusterId="1">
<clusterLeader peerId="433" ipAddress="192.168.0.4" port="8555" />
<bclList>
<peer peerId="432" ipAddress="192.168.0.3" port="8555" />
</bclList>

50 <neighborList>
<cluster clusterId="0">
<clusterLeader peerId="703" ipAddress="192.168.0.14" port="8555" />
</cluster>

20



</ bcl Li st> <nei ghborList> <cluster clusterld=" q "> <clusterLeader
peer | d="703" i pAddress="192 .168 .0 .14" port="8555" />

</ cl ust erw@20Vgh83dr Li st > </ cluster> I n an exanpl e enbo®CKER2009/806p%%r 110
realizing that CL 111 is not available may try to couple to BCLs in the
sanme cluster. If a BCL has replaced the old CL, the replacing BCL may
respond with a 200 OK nessage. |If the BCL did not replace the CL, the BCL
may send a 301 Moved Pernanently response nessage with, for exanple, a
‘Location' header indicating the | ocation of the [ast known CL. In case
none of BEBesIrkespdbHd to the peer, the peer nay send a query to SDS 140 and
request o cAesFecPust er 130. A cluster grow too large to be handl ed
by a si n§lag egpmpleembodineya eeesllmeﬁaileﬁg tw@IcluslﬁePt wa@ﬁmaty o, for
examl & b S HRALsTh trelaltloficter. 1 IO RECHBL-LEMHRAM CBMne rififcifdney (e

| ar ge sﬁi ting cluster nmay assign one s to beco ew CL in
one &f tiey sspardavich 208 0K messhpe Iﬁhem didsrmtmﬂlaqeebct Ch, trhaﬂﬁﬁrmay sgekr s

110 to th ewl Si Q . I n an exa nme cl r splittin
Ty bo sl BERECRly e rete aUB: for ERaple, s Totaortieagts b1t 19y
in the 'iGHidad@ the RRAASK of inghsht kiovROELIBYCAE SHRISE HEE@re@p&lQQo @ pessRge. The

BCL may becone the CL of the newly created cluster 130. The cluster |eader
of the |mg@asp¢ndaqu¢gytq$ﬂ§8éﬂ0a iequest @ ngWRIEDIERABY. nessage to peers 110
asst 0ot Uit &30 Ry ShNg |El ust 18 pETRIRES FORERTEL TFY 16 SRl Jubfig et on

of the the he Create

header fdlediet magds émn itd) fof extangpld) @wb Yepur @ tREteed. EtSﬁIBéxdniplé aabodilnest, eie-CO'
header field. Redirected peers 110 may join_ the new cluster, for exanple by

sendi ng (ifﬁhfdallgmstt’r%é‘él&&‘é TR3Y 3spign ﬁe@\p&t-‘u&?&ﬁ ¢ becgae 2 TuCkde PRGIOHBEr s 110
may al sq éﬁ%&%térﬁ TS HJaVaIsbr}Qdugct Yhidbé %&Qer‘;‘ilﬁ%ﬂé%wg%@@%@a
nmessages Sent 1n the cluster splitting procedure are s

\ begi n{ tinyjexainplgien{bodirhedtj cihst€PRPliENG mayshp: parfdDed 168g a0 OPTIQNSIndsBage

RTSP/ 1.
S/ 0 fgr examp?e a 'split' tag in the 'Cluster’ header field. A BCL may respond with a 200

15  OK message. The BCL may become the CL of the newly created cluster 130. The cluster
leader of the large splitting cluster, may send a REDIRECT message to peers 110 assigned to
the new cluster. The REDIRECT message may contain the location of the CL of the newly
created cluster 130, for example, in a 'Location’ header field and an ID of the newly created
cluster in the 'Cluster-Id' header field. Redirected peers 110 may join the new cluster, for

20 example by sending an OPTIONS message to the new cluster leader. Redirected peers 110
may also respond to the splitting CL with a 200 OK message. Example messages sent in the
cluster splitting procedure are shown below;

\begin{tiny}

25 \begin{verbatim}

OPTIONS rtsp://192.168.0.5:41991/105 RTSP/1.0
CSeq: 46264

Require: RTP2P-vl

Cluster: split

30 Parent: 0
Peer-Id: 498

RTSP/1.0 200 OK
CSeq: 46264

35 Cluster-Id: 1
Peer-Id: 499

REDIRECT rtsp://192.168.0.6:56097/105 RTSP/1.0
CSeq: 317087

21



Require: RTP2P-vl Cu

ster: split Parent

0 Peer-1d: 498 RTSP/ 1.0 200 &K

CSeq: 46264 Cluster-1d: 1 Peer-1d: 499 RiEDI RECT rtsp://192. 168.

0. 6: 5609 AWOCB10RPGRS |
Location: rtsp:

. O CSeq: 317087Require:

RTP2P- V1 Cl BSTAB2009/006254

/1192.

168. 0.5: 8555 Peer-1d: 498 OPTIONS rtsp:

/1192.

168. 0.5: 8555/105 RTSP/ 1.0 CSeq: 317081 Require:
j oi n_j peer
CSeq: 317081 Content

Cluster-1d: 1 dient-Port:
-Lengt h: 186 Content-Type:

RTP2P-V1 d uster:

8555 Peer-1d: 492 RTSP/1.0 200 K

text/xm Peer-ld: 499

<cluster clusterld="1"> <peerList version="2"> <peer peerld="490"
i pAddr eiequigD RIEB’VG .7 " port="8555" /> <peer peerld="499"

|pAddresCsl”““‘lengId 9 5 " Port="8555" /> </peerList>
Location: rtsp://192.168. : 8555
Peer-Id: 498
5

10

15

20

25

30

35

40

45

OPTIONS rtsp://192.168.0.5:8555/105 RTSP/1.0

CSeq: 317081
Require: RTP2P-v1
Cluster: join peer

Cluster-Id: 1
Client-Port:
Peer-Id: 492

8555

RTSP/1.0 200 OK

CSseq: 317081
Content-Length: 186
Content-Type: text/xml

Peer-Id: 499

<cluster clusterId="1">

<peerlList version="2">

<peer peerId="490" ipAddress="192.168.0.7"

</peerList>
</clusters>

RTSP/1.0 200 OK
CSeqg: 317087
Peer-Id: 492

port=
<peer peerId="499" ipAddress="192.168.0.5" port=

"g555" />
"8555" />

Overlay couplings between CLs 111, of different clusters 130, may be created, for example,

by sending an OPTIONS message with a 'join_neighbor' tag in the 'Cluster' header field and

receiving a 200 OK response message. CL to CL coupling may be used to exchange cluster

information between neighboring clusters 130. Example OPTIONS and 200 OK messages

sent in a CL neighbor joining procedure are shown below;

OPTIONS rtsp://192.168.0.2:8555/128 RTSP/1.0
CSeq: 885735

Cluster: join_neighbor

Cluster-Id: 0

Neighbors-Cluster-Id: 1

Client-Port: 8555
Peer-Id: 703
Require: RTP2P-vl

RTSP/1.0 200 OK
CSeq: 885735
Peer-Id: 702
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</cluster> RTSP/ 1.0 200 OK CSeq: 317087 Peer-1d: 492 Overlay couplings
between CLs 111, of different clusters 130, may be created, for exanple, by
sendi ng aNOQPIVI@MB3nessage with a 'joi njnei ghbor' tag i RCTAB200EDasSI4er
header field and receiving a 200 OK response nessage. CL to CL coupling may
be used to exchange cluster information between neighboring clusters 130.
Exanpl e OPTI ONS and 200 OK nessages sent in a CL nei ghbor joining procedure
are shown below, OPTIONS rtsp://192. 168. 0.2:8555/128 RTSP/ 1.0 CSeq:
885735 C uster i n_nei ghbor Cluster-1d: O Neighbors-Custer- |d; 1

Cl i ent - Poran: exasmg reladiment, eirReefivocluserPaRy e mﬁsmqi torzyample, Eoag;
885735 Pe 0 | NS may be
per f or med 01‘tﬂ q)fél)?(eat%}o'%l&ter %@e X Jigg%ﬁrﬂ%()lfpg aﬁ%a?l f §§ feqszgfrteilgs mal |,

eI g., haerﬂlgera)f @%h lin aetokrer 130fis p@al sa ek joihihg triesamer dlmterdBOpwlﬁwe a vary
cluster 130 is snal a peer joining the sane cluster 130 may have ver
short | ishortdst BBMWN%PO%W% peunal nymbshof potsniY SPutse PrFE dht FYptes y

peer 55 | N3y QkySaEthe J-éiﬁbﬁﬁ ofjﬂ’qg @@%e&x@@rkrﬁéﬂ &b glet Mnc%r ﬁmBFe JiAR ARtvRrie For
exanpl e, ohe or nore of e peers in the clust | eave the P2P

servi ce cnstert wreaso}eyef téwé’ﬂP seymgrand sharefprdfeway ensolabe%may\b@ heaileblesn dre 130

1 at o B GIOTG" G Fabr e TR aens e e oreneagcnny’ SHoiTsb Door o

in a firger ﬂ t&o-clukhes Bﬁ@kﬁ&iﬁcm@%@ niB)beGRANDIpeers i g firdd chisted BRCONd
cluster an | ocati on of the CL of the second cluster. Peers in the

first cl EEP@RE%)}H%WW%M qomeprisk they 18} olchsaeged plystar smighelocatienalgbe Gheblrls i n

the 1f0i rshe tﬁl: V&bE cfﬁ@%r.jfggﬂ ih Fh% fﬁ?t%?ﬁ'&er%&? E(ﬁ'lrﬁrmftﬁé cl%%‘l@%a%ge By a260 61@9
message. Peers in the first cluster may join the second cluster, for example, by sending
cluster-join messages, e.g., OPTIONS message, to the CL of the second cluster. Peers in the
first cluster may receive a response to the cluster-join messages, e.g., OK 200 message. If a
peer in the first cluster does not receive any response from the CL of the second cluster, or it

15  receives a 403 Bad Request message, it may send a 403 Bad Request message to the CL of

the first cluster and wait for further instructions. In an example embodiment, the CL of the
first cluster may join the secod cluster as a BCL. For example, the CL of the first cluster may
send a RTSP OPTIONS message with a, e.g., 'join_bcl', tag in the 'Cluster’ header field, to
the CL of the second cluster. Example messages sent in a successful cluster merging

20  procedure are shown below;

REDIRECT rtsp://192.168.0.6:41067/111 RTSP/1.0
CSeq: 505272
Require: RTP2P-v1
25 Cluster-Id: 1
Location: rtsp://192.168.0.3:8555
Peer-Id: 542

OPTIONS rtsp://192.168.0.3:8555/111 RTSP/1.0
30 cCcseq: 505276

Require: RTP2P-vl

Cluster: join_peer

Cluster-Id: 1

Client-Port: 8555
35 Ppeer-Id: 546

RTSP/1.0 200 OK

CSeqg: 505276
Content-Length: 186
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cluster-join nessages, e.g., OPTIONS nessage, to the CL of the second
cluster. Peers in the first cluster may receive a response to the
cl ust er - | \EDrROMERBHJes, e.g., OK 200 nessage. |f a peer PATHRW09/NG62%4 cl ust er
does not receive any response fromthe CL of the second cluster, or it
receives a 403 Bad Request nessage, it may send a 403 Bad Request nessage
to the CL of the first cluster and wait for further instructions. In an
exanpl e enbodi nent, the CL of the first cluster may join the secod cluster
as a BCL. For exarrple the CL of the first cluster may send a RTSP OPTI ONS
message WPRHERE; TS, e”tj’ﬁ‘lﬂn bcl', tag in the '"Custer' header field, to the
CL of thge"s"e&gnd3 8I uster. Exanple nessages sent in a successful cluster
ner gi ng praeedurs L& ghoyn bel ow, REDIRECT rtsp://192. 168. 0.6:41067/111
RTSP/ 4. 0 £s384i sOQaddorRegui re: RTP2P-vl Custer-1d: 1 Location: rtsp: //192
. 168 .0 <geerBpbiriReedssl dipAhZe £RThENI Bt SR pdrk92855668/> 0. 3: 8555/ 111
RTSP/l 0<fsBSeqpeHQ6276 aRe (pAddee s RTP2P-1¥E . Clauspert="gxHsn_ypeer Custer-1d: 1
Cli ent - PeraeerB&85 Peer-1d: 546 RTSP/ 1.0 200 OK CSeqg: 505276 Content
-Len h: <A8@&essitent - Type: text/xm Peer- | d : 543 <cluster clusterld= " |
gé) eer, L| st version=" 2 " > <peer peerld=" 54 3 " ipAddress=" 192 . 1
. Pf=°% 855 5 " /| > <peer peerld= " 544 " ipAddress= " 192 .
168.§eercl grt=" 8 555 " | >

Overlay network couplings may be maintained using, for example, GET\_ PARAMETER and
15 200 OK messages between peers. GET\_PARAMETER and 200 OK messages may also be
used as keep-alive messages. Keep-alive mesages between CLs of neighboring clusters may
be used to exchange information about neighboring clusters. Keep-alive messages between a
CL 111, of a cluster 130, and a BCL 112, in the same cluster, may be used to deliver cluster
information from the CL 111 to the BCL 112. Example GET_PARAMETER and 200 OK
20 keep-alive messages sent between peers 110 are shown below;
GET_PARAMETER rtsp://192.168.0.6:8555/87 RTSP/1.0
CSeq: 147040

Require: RTP2P-vl
25 Peer-Id: 432

RTSP/1.0 200 OK
CSeq: 147040
Peer-Id: 430

30

In an example embodiment, a peer 110 participating in a P2P service may send an OPTIONS
message to the SDS 140, for example, in order to get a list of available services in the P2P
network 100. SDS 140 may respond with a 200 OK RTSP message comprising service list
information. The 200 OK RTSP message may comprise, for example, only general

35 information of the services in order to decrease the message size. In an example
embodiment, the information may be expressed as Extensible Markup Language (XML)
fragments. Example messages sent a service list retrieval operation are shown below.
OPTIONS * RTSP/1.0

40 Cseq: 518941
Require: RTP2P-v1
Content-Length: 23

Content-Type: text/xml
Peer-Id: 431
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</ peerList > </cluster> RTSP/ 1 . 02 0 0 OK CSeq : 5052 7 2 Peer- | d : 54
6 Overlay network couplings nmay be maintained using, for exanple,

GET\ _PARANDPER/@MF3200 OK nmessages between peers. CGET\ _PARARBEIERGAFMI 200 OK
nmessages may al so be used as keep-alive nessages. Keep-alive nesages

bet ween CLs of neighboring clusters may be used to exchange information
about nei ghboring clusters. Keep-alive nessages between a CL 111, of a
cluster 130, and a BCL 112, in the sanme cluster, nmay be used to deliver
cluster information fromthe CL 111 to the BCL 112. Exanpl e GET_PARAMETER
and 200 K keep-alive nessages sent between peers 110 are shown bel ow,
GET_PARAMESPERRr{adfges"162 . 168 .0 .6 : 8555/ 87 RTSP/I.O CSeq: 147040

Requi re: ﬁﬁ?ngé%oaﬁgr-ld: 432 RTSP/ 1.0 200 OK CSeq: 147040 Peer-1d: 430 In
an e@rrpﬁgeqérrg) Jent, a peer 110 participating in a P2P service may send
an OPTI Ob.cessiaggeh 0 osshe SDS 140, for exanple, in order to get a list of
avai | abl eorsehviBes : i texkhenlP2P net wor k 100. SDS 140 may respond with a 200
OK RTSP pmessage cconprising service list information. The 200 OK RTSP
message nmay conprise, for exanple, only general information of the services
in of er<¥¥Vdetr'€a3e the message size. In an pxanglue.enpodi ment, the

i nf or mat FHITVIEY WESeXprEsTeq® IEGENSFDI%E " RAr KB Tanytiagé (XW) fragnents.
Exanpl e MES334es'§6ht a service list retrieval operation are shown bel ow.

CPTI ONS fn (BI&P t/o Jjoig tQ%P sg&%%ﬂ‘p&?qlfb rrr?ay rgﬂggg fh\é]Pﬁos%}\ﬂgg infc!rﬁﬁg&tﬂ 'froals

15  the SDS 140. In an example embodiment, the peer sends a DESCRIBE message to the SDS
140. SDS 140 may respond with a 200 OK RTSP message. According to an example
embodiment, the 200 OK RTSP message may comprise, for example, a partial list of
available clusters, in case the number of available clusters is large. If desired, the response
message may comprise a full list of available clusters..The response message may use

20  multipart MIME since it may deliver both SDP of the service and the list of available
clusters, i.e., in an XML format. Example DESCRIBE and 200 OK messages are shown

below;

DESCRIBE rtsp://192.168.0.1:8554/87 RTSP/1.0
25 Cseq: 518942

Require: RTP2P-vl

Accept: multipart/mixed

Peer-Id: 431

30 RTSP/1.0 200 OK
CSeq: 518942
Content-Length: 846
Content-Type: multipart/mixed; boundary="P2P RTSP"
MIME-version: 1.0
35 peer-Id: ©

--P2P_RTSP
Content-Type: application/sdp
Content-Length: 573
40
v=0
0=430 87 2 IN IP4 192.168.0.2
s=Live Streaming
c=IN IP4 0.0.0.0
45 t=00
a=service-type:live
m=video 8234 RTP/AVP 96
a=rtpmap:96 H264/90000

25



Content - Type: text/xm Peer-1d: 431<search value="*" /> RTSP/ 1.0 200 X
CSeq: 518941 Content -Length: 93 Content -Type : text/xm Peer- Id: O
<servi celWOnNs10420843i ce nane="Li ve Stream ng" servi cel d=PBT/IB2YYOs254 ve" />
</serviceList>In order to join to a P2P service, a peer 110 may retrieve
the P2P service information fromthe SDS 140. In an exanpl e enbodi nent, the
peer sends a DESCRI BE nessage to the SDS 140. SDS 140 may respond with a
200 OK RTSP nessage. According to an exanpl e enbodi nent, the 200 OK RTSP
nmessage may conprise, for exanple, a partial list of available clusters, in
case t heantlipere ehckerdizkabsinemedardt pyafils-Jeypeld=f2c®si red, the response
message PCBﬁ‘IEﬂ’FFE“er‘éeFiﬁZIQW%tt?YBP%YEP} 2PORIBRLQ:. aMRBIAEsponse
message HE 3@%%3;@@‘;r%ﬁimg\fﬁ/ﬁ"p§1eﬁ?:‘esﬁzfe:‘ff)é’yn]a‘e‘ﬂfi‘eﬁtlﬁbfﬁ‘l"SDP of the service
and tde é:ilci é}bga,v igé_ggneqjigﬂ&)rog, i.e., inan XM format. Exanple

DESCRI BE, 2 pZbP) s IRIPADES p 2816 18 DO 1 D9, fdeSGRBEF t $Bnedd-1920;

. 168. 0. 1580bA4h8h-RT SlabxergBRgs ; 489421 Ragubfie:s ; RER2P1 M ;Accept : mul ti part

/ m xed Peesarkdal -43to RESPAM-i0=2( cCK-LGIeqroccdBIA2pLaribesdl;- Lengt h: 846

Cont ent - Tyg#®._ RPRH ti part/ m xed; boundary="P2P_RTSP" M ME- version: 1.0
peerlq(j:Cgptent—Type: text/xml
Content-Length: 145

<initialClusterList>
<cluster clusterId="0">
15 <clusterLeader peerId="430" ipAddress="192.168.0.2" port="8555" />
</cluster>
</initialClusterList>

According to an example embodiment, the peer may send a GET_PARAMETER message,
20  for example, every CL associated with a cluster in the received list of available clusters. The

GET_PARAMETER message may be used for the purpose of RTT calculation. The peer

may stop a counter, used to calculate RTT, when a 200 OK RTSP message is received. The

peer selects the cluster, for the desired service, associated with the CL from which the 200

OK RTSP message was received. Example GET_PARAMETER and 200 OK messages are
25 shown below;

GET_PARAMETER rtsp://192.168.0.2:8555/87 RTSP/1.0

CSeq: 327728

Require: RTP2P-vl

30 Peer-Id: 431

RTSP/1.0 200 OK
CSeq: 327728
Peer-Id: 430

35

In example embodiment, the peer may send an OPTIONS message with a 'join_peer' tag in
the 'Cluster' header field to the CL of the cluster. An initial peer list, of peers in the cluster,
may be received in a response message, €.g., a 200 OK RTSP message. In an example
embodiment, the initial peer list may be a random subset of the peers in the cluster, for

40 example, if the number of peers in the cluster is large. If desired the initial peer list may
comprise all peers in the cluster. The peer may request data from peers listed in the received
initial peer list using, for example, a SETUP message. The SETUP message handles
configuring UDP port numbers for RTP reception using a "Transport' header field. Requested
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--P2P_RTSP Content -Type: application/sdp Content -Length: 573 v=0 0=430 87
2 INI1P4 192.168.0.2 s=Live Streamng c=INI1P4 0.0.0.0 t=0 0 a=service
-type :1i1WO 20NG208380 8234 RTP/ AVP 96 a=rt pmap: 96 H264/ 90G0DABLI0GY/M6236 packet

i zation-node=l ; prof i le- level -id=42cC3 3 ; sprop-paraneter- set
S=ZOLAMst BYnf +AXwBBi AAAAVAI AAABJHIBl Q=, aM48gA== , a=partial-info: stream
id=l ; piece -size=4 00 ; nb- of -partial s=4 ; mrFaudi o 3456 RTP/ AVP 97

a=rt pmap: 97 npeg4-generic/ 16000 a=fntp: 97 streantype=5 ; prof
ile-level-id=15 ; node =AAC hbr; config=1410 ; SizelLength=13 ;

| ndex LendathnBy; belassteidbed, f erlexagiples ith apwfhlityl (fpartjal atrgrams. Imhn exsimple st r eam

i d=0; piece-.sizez100;nb-of -part.ials=. : --P2P_RISP Content - e

text xii CRERERGE TOLRGR ey 4ePONA PY Pestel na P e er oL M Gulo PRGN B ¢
"> <cl ush eirk&® MebePERehEEsteli3Artidl RREli THE pddtdnay péat redliesting datf) @it =" 8555" /

> </cluster> </initial QusterList> According to an exanple enbodi nent, the
peer mayCcXBPlE, GommprePARARETRERA e delivps thef igauesk, ampl de tergetripngher gEpastialat ed

i th i i j [ I L. of
GET FARANETER e QehOE FRECEIRE ont B pble QYR VB RASARA ped 1B vy 7he
peer mayaskeproaleliosih@e thanse@d panial skl pdraidglelpeenhiaran@x20ple@nidibRemeigsage

is received. The e o o .
a peer in the received initial peer list is not responding it may be removed from a internal

"known peer" list and no repeated requests are sent to the non-responding peer. The peer may
also respond to receiving the requested partial streams, e.g., audio and/or video streams, with
10 a 200 OK RTSP message. Example messages exchanged between the requesting peer, CL

and other peers are shown below;

OPTIONS rtsp://192.168.0.2:8555/87 RTSP/1.0
CSeq: 327728

15  Require: RTP2P-v1
Cluster: join peer
Cluster-Id: 0
Client-Port: 8555
Peer-Id: 431

20
RTSP/1.0 200 OK
CSeq: 327728
Content-Length: 128
Content-Type: text/xml

25 Peer-Id: 430

<cluster clusterId="0">

<peerlist version="1">

<peer peerId="430" ipAddress="192.168.0.2" port="8555" />
30 </peerList>

</cluster>

SETUP rtsp://192.168.0.2:8555/87/audio/0 RTSP/1.0
CSeq: 327728

35 Require: RTP2P-vl1
Client-Port: 8555
Transport: AVP/RTP;unicast;client_port=8568
Peer-Id: 431

40 RTSP/1.0 200 OK
CSeq: 327728
Peer-1Id: 430
Transport: RTP/AVP;unicast;client_port=8568
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peer selects the cluster, for the desired service, associated with the CL
fromwhich the 200 OK RTSP nessage was received. Exanple GET_PARAMETER and
200 OK nex¥o20W#9020848 shown bel ow;, GET_PARAMETER rtsp :// POZ/IBABY006Q54. 2

: 8555/ 87 RTSP/ 1.0 CSeq: 327728 Require: RTP2P-V1 Peer-1d: 431 RTSP/ 1.0 200
OK CSeq: 327728 Peer-1d: 430 In exanpl e enbodi nent, the peer may send an
OPTI ONS nessage with a "join_peer' tag in the 'Custer’' header field to the
CL of the cluster. An initial peer |ist, of peers in the cluster, nay be
received in a response nessage, g., a 200 OK RTSP nessage. |n an exanple
enmbodi mehtan exampiagrabodimpeten p¢¢r§t10r1m3y lpavedhe BAR optnoi $@Q acsprdipgmtoperad i n
the clus 0 I e | ar ge.

If desi rféng l{yﬁées (Igf rﬁ%?%e ohtfr?ﬁe}al deﬁgrgprg rgrlco?l?r%[l?c} hnga[’tnx% fA y?éﬁ{ol gs ter. The
peer mayddpaguest pdéahﬁyfimform [easl dthﬁtlﬁdrsl Agl behef pecgd Nadng dvitd trahsf@eeith | i st
using, for exanple, a SETUP nessage. The SETUP nessage handl es configuring
UDP por t thEdGAsEEsPeeh abetshe %@HP%% he, pegignay send ap Q&Tll‘t% Sracfage Witkpq.

Request e@éi@& a0y 1R RSP %@&e‘? ﬁeldf B hEERPhEpectirdal) aoRbM 2TEWRSOWRS ti al
streans. I n an exanpl e enbodi nent, few peers nay fespond by accepting the
request messagatoghe bher pommbd\er;g dats rangienwish therdepyingpeeh dihus peerepardingd

pecr st BERE RN GuBe BT RE ook bEsroveny protals i B Rhyfisarecfr

partial Alsogrem, thit wedeEReking @4ta Eoa bl SeaviiEpelf, nidS 8lePCSthér pdef(s) lfﬁeteadasel ved
intial peer |ist accept to deliver nore than one partial stream per
si ngl e plsaying P?Pfa"ﬁhfe%E ]X?W%@Gi;ﬁ@%fna}’@fsoé)eﬁ@ﬁrlf@Reqfﬁétl‘Feééb@t\ﬂéQie A tial
peeHd ' Sfoog§ {h%tda %ﬂ%\& f0¢ dnBe alté?re&fi”%\/?n 1k hRABed ALEGARY withnown peer”

i st and nd répeated re Uest s sent the non-reE&spondi ng peer The peer
nay aIsodqﬁﬁm&ndaqmefaeehwwmgdbhe requested partial streans, e.g., audio
and/ or video streans, with a 200 OK RTSP nessage. Exanpl e nessages

h t ti d oth h bel ow,
PTI O T e fr ey Faear o0 BRI 1 O coeq) szrros

15 Require: RTP2P-v1
Cluster: leave
Peer-Id: 431

RTSP/1.0 200 OK
20 cseqg: 397171
Peer-Id: 430

TEARDOWN rtsp://192.168.0.2:8555/87 RTSP/1.0
Cseq: 397177

25 Require: RTP2P-v1
Peer-Id: 431

RTSP/1.0 200 OK
CSeq: 397177
30 Peer-Id: 430

In an example embodiment, uncontrolled departure may be noticed, for example by CL and
other peers sending data to the leaving peer, if keep-alive messages are not received from the
leaving peer within some time interval. A peer receiving data from the leaving peer may

35 notice uncontrolled departure if no data packets are received from the leaving peer within a
time interval. The value of the time interval may be defined, e.g., at the receiving peer. The
receiving peer may replace the leaving peer with another peer, for example, within a duration

associated with a reception buffer in order to avoid interruption.
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Require:
Peer -1d:
Cont ent -

RTP2P-V1 Cluster: join_j?eer Custer-1d: O Cient-Port: 8555
431 RTSP/ 1.0 200 OK CSeq: 327728 Content -Length: 128
™Wpeoiweag48xm Peer-1d: 430 <cl uster cl uster| d=PCH/IB200%HEHRFLi St

versi on="1"> <peer peerld="430" i pAddress="192 .168 .0 .2" port="8555"
</ peerList> </cluster> SETUP rtsp://192.168. 0. 2: 8555/ 87/audi q /0 RTSP/
CSeq: 327728 Require: RTP2P-vl Cient-Port: 8555 Transport : AVP/ RTP;

uni cast

Peer-1d:

;client _port=8568 Peer-1d: 431 RTSP/1.0 200 OK CSeq: 327728
430 Transport: RTP/ AVP; uni cast;client _port=8568In an exanpl e

/>
|

enbodi rreNameacmmporlﬂ@g ttd}pad@”afwédSt tags,RRF on ghendek . 200 jace dedi.ng t o one of

two types .of d artur S nt,r g depar t ontrolle arture
O ont §olaiBenetaF e apE°oRRR RSP SRR i om i frudpirbles GRRF 11 C
peers hawdnid d@f Asé baiSdeThadk himbdigre 6t Hégn&ﬁ[ﬁénedatb@bléstﬁdiﬂfedﬁ?ar ture.

peer may send an OPTIONS nessage with a 'leave', tag in the 'Custer’
header field to the CL. The peer nmay al so send a TEARDOWN nessage to th

ot hers Pegfitholle AY widlifnfih@ B! CbpdVidtBrptdiidre 8Y ARficRESH of A URiREGRarimeNd! NY

10

15

20

25

below, it is possible that a technical effect of one or more of the example embodiments
disclosed herein may be an efficient scalable peer to peer streaming system allowing P2P
streaming application with good quality of experience. Another possible technical effect of
one or more of the example embodiments disclosed herein may be a reliable real time peer to
peer streaming technology. Another technical effect of one or more of the example
embodiments disclosed herein may be an effective real time peer to peer streaming system.
Embodiments of the present invention may be implemented in software, hardware,
application logic or a combination of software, hardware and application logic. The
software, application logic and/or hardware may reside on computer, mobile device or
mobile chipset. If desired, part of the software, application logic and/or hardware may reside
on , part of the software, application logic and/or hardware may reside on computer, and part
of the software, application logic and/or hardware may reside on a mobile device. The
application logic, software or an instruction set is preferably maintained on any one of
various conventional computer-readable media. In the context of this document, a
“computer-readable medium” may be any media or means that can contain, store,
communicate, propagate or transport the instructions for use by or in connection with an
instruction execution system, apparatus, or device.

If desired, the different functions discussed herein may be performed in any order and/or
concurrently with each other. Furthermore, if desired, one or more of the above-described
functions may be optional or may be combined.

Although various aspects of the invention are set out in the independent claims, other aspects
of the invention comprise any combination of features from the described embodiments
and/or the dependent claims with the features of the independent claims, and not solely the

combinations explicitly set out in the claims.
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data to the | eaving peer, may term nate the RTP session(s) associated with
the | eaving peer. Also peers, that were receiving data fromthe | eaving
peer, mayWwoeebwiRosIBher peer(s) instead of | eaving peer. PTHABIBEXRIOCHN
nmessage nmay al so be sent if a peer notices that there is a loop in the data
delivery for sone partial stream Exanple nessages associated with a
departure of a peer are shown below, OPTIONS rtsp://192 .168 .0.2 :8555/87
RTSP/ 1.0 CSeq: 397171 Require: RTP2P-V1 Cluster: |eave Peer-1d: 431

RTSP/ 1.0 200 OK CSeq: 397171 Peer-1d: 430 TEARDOM rtsp: //192. 168. 0.2:
8555/ 87 KIiSksd noteCBergin BI7W i ReghdvedesEiRaRxuhpleearboldinemSaf thF 8R/emtion,200
K CSeq: ,,397177 .Peer-]1d: 430 In an,exapple enbodient, uncontrolled

depar ¢ o BENAGeSGHP SbaId TPthe e s B e SR JiATaT" BEBre: SoRHing data to
the | eaviviigatidRehnd mbdifReRom|hieh RS H8 9eRle aitholPlepaf i@ (HaA tHd RBpd bEthkeavi ng
peer within sone tine interval. A peer receiving data fromthe | eaving peer
may not i BESEdBvention pedeimep an therapperided 6lagms.a packets are received fromthe
| eaving peer within a tine interval. The value of the tinme interval nmay be
defined, e.g., at the receiving peer. The receiving peer may replace the

| eavi ng peer with another peer, for exanple, within a duration associ ated
with a reception buffer in order to avoid interruption. Nanes correspondi ng
to header fields, tags, and/or the like, e.g., join_bci\ 'join_neighbor',
"split', "backup', "Cluster', and/or the like, are |isted as exanpl es.

O her nanes may al so be used. These nanes are not to be interpreted in a
restrictive way. Wthout in any way limting the scope, interpretation, or
application of the clains appearing
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below, it is possible that a technical effect of one or nore of the exanple
enbodi nents di scl osed herein may be an efficient scal able peer to peer

st ream ngveyetasBl owi ng P2P stream ng application w t RCGIBWOYOERI4 y of
experience. Another possible technical effect of one or nore of the exanple
enbodi ments di scl osed herein may be a reliable real tine peer to peer
stream ng technol ogy. Another technical effect of one or nore of the
exanpl e enbodi nents di scl osed herein may be an effective real tinme peer to
peer stream ng system Enbodi nents of the present invention nay be

i npl emrenVYSJATHSSCEAIMIED I1$ar dwar e, application |ogic or a conbination of
sof tware, hardwar¢_and ap lication |ogic. The software, application |ogic
and/ or h&rdware névaPE%?&§”§W“ESH§Uter, nobi | e device or nobile chipset. If
desi r ed, a pictssof, ahbe sof tware, application |ogic and/or hardware may reside
on , part of the software, application |ogic and/or hardware may reside on
conput er, andMSEFY Hrcluding compuiRiEoLraBSPSat i on | ogi ¢ and/ or hardware nay
resi d& on a nobile device. The application logic, software or an

i nst r uct themegearyiagd greafoprpuitdryprogramicadgeanfignresity, working with thequrecesemy ent i onal
conput er - r eadabl e dia. lL.n t context of this docunent, a

"conput ef2re &?Bp%rgﬁ\ﬁ&? B?ﬁforﬁh%}q%aépglﬁ%l Y48 or means that can contain,
store, CaRIFdnk LAk ncRT aRRgali®s oF' reklltans RRispoit Peotbets idataGinite RS atfledst bfeotyt or
in connection with an instructi on execution s¥steny appar atus, or device.

| f desi rieast tya@eer tp Peerdrrtial yerd {imsEsangpart DEORCe! HEGABINE pepyiopD bFesdiab (asidng n
any de i r . i.ed, one
o ¢ PR egsE ORI Sl s b SAR R o Bt I o P B Bty of A Bk

conbi nedprofdcbhdatghnivqar i ous aspects of the invention are set out in the

i ndependent clajns, other aspects of fhe invention conprjse any conbination
of 1 oat WTASPRFN bhactl S FBRos RGP it Wik 07 B8 510G AR GHY TG B wi ¢ h
the featysRso@brdib&! midergndant clainms, and not solely the conbinations
explicitly set out inthe clainms.It is also noted herein that while the

above describes exanpl e enbodi rents of the invention, these descriptions

shou not be viewed in a limtin ense. Rat.h there a sever al

vari L#i o?rs and no%?‘@?g%{?ﬁ“éﬁgc Pgﬂo ﬁﬁ')m E’ewfﬁﬁﬁlg%ﬁl PHBEY %({)tglftcflﬁlﬁutﬁ om t he
scope of ﬁ)ﬂb@ﬁﬁpé&ﬁ:%hﬁglﬁl’é@ 08, vk ing velf thd Bebckof, TertinR RAMNAHe Sppatdiss tWeTug S

CLAIMED 1S'1. An apparatus, conprising: a processor; and nenory including
conput er theablgastrane @d at least two peer to peer partial real-time transport protocol streaming

sessions.

20 An apparatus according to claim 2, wherein the memory and the computer program code
configured to, working with the processor, further cause the apparatus to perform at least one
of:

determine the number of said at least two peer to peer partial real-time transport
protocol streaming sessions;

25 transmit information associated with said at least two peer to peer partial real-time
transport protocol streaming sessions; and

receive at least one request for at least one of said at least two peer to peer

partial real-time transport protocol streaming sessions.

30 4. An apparatus according to claim 1, wherein the memory and the computer

program code configured to, working with the processor, further cause the apparatus to
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the nenory and the conputer program code configured to, working with the
processor, cause the apparatus to performat |east the foll ow ng: assign at
| east onewOR0H/@D84B8al ity of real tinme transport protocolPCEABZOUMGRSt t 0 at
| east one of at |east two peer to peer partial real-tinme transport protocol
stream ng sessions, based at least in part on at |east one tinestanp
associated with the at |east one of said plurality of real tine protocol
data units, said plurality of real tinme transport protocol data units,
bei ng associated with said real time transport protocol nedia stream 2. An
appar at uSaRsEEbeRE ¢TgNere asdignemraeal tigheetranisport protogoidaty uaitgiwithia a dessenerofghegr am
code configured t wor Ki i Lh the processq further .cause the apparatus
to set upiated Redrila pl pAiRT it e i RS B srep Gl P o el T e
transport protocol stream ng sessions. An apparatus according to claim 2,
wherein the nmenory and the conputer program code configured to, working
Wi th t hedpr od@sapprratus 3s ity fdhe gaimel appybaeinsadasyening isdugher kased abne of
det ergni nR,LNe AU BRE inRf infR 4l oRlixbPAShuby0 peer to peer partial real-tine
transport pr oPoco stream ng sessions; transmt information associated with
said at |east two peer to peer partial real-tinme transport protocol
stream ng sessions; and receive at .| east. one, request. for at |eas ne of
sai 0 ot Peas R ARBIBREACEIRES CaR o KNS SR e SEtet ased Ableatt i
stream ngaBgesi ons. 4. An apparatus according to claim1, wherein the
menory and the conputer program code configured to, working with the
processor, furtfher qgayse the apparatus totransmt one or nore assigned real
tinme trah§p“6’|"%d mogdY e units within at |east one of the assigned peer
to peer partial~redl tinme transport protocol stream ng sessions. 5. An '
appajygt u i ok : o J LS i further
paser ot PaSin PheRarindl G Fpdt Wpekr puha) RAEGAL Rt AOSLANRtin)y
appar at usessiosdrth begng otimbsaamp Saluphssoeiaredswitlttha i legstiong of said phurdgy obassbd at
s ooy bty it 1B k3 of BF Y BB Y e BEEioR Al

N being the number of said at least two peer to peer partial real-time transport protocol

streaming sessions.
15

7.  An apparatus as in any of the claims 1 - 6, wherein at least one data unit of said at least
one of a plurality of real time transport protocol data units being assigned to more than one

of the at least two peer to peer partial real-time transport protocol streaming sessions.
20 8. An apparatus as in any of the claims 5 - 6, wherein at least one key data unit of

said at least one of a plurality of real time transport protocol data units being assigned at the

start of said time intervals of fixed duration.
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session, tR pbeing a tinestanp val ue associated with the at | east one of
said plurality of real tinme protocol data units, Tp being tinme duration of
sai d ti mewonbevoeedss of fixed duration, and N being the rgrhBrooobhocass d at

| east two peer to peer partial real-tinme transport protocol stream ng
sessions. 7. An apparatus as in any of the clains 1 - 6, wherein at |east
one data unit of said at |east one of a plurality of real tinme transport
protocol data units being assigned to nore than one of the at |east two
peer to peer partial real-tinme transport protocol stream ng sessions. 8. An
apparat u8. as i n aAymethod,engplriaings 5 - 6, wherein at | east one key data unit
of said at |least one of a plurality of real time transport protocol data
units befSEENEEAt st ofpuisliiar e war fanspe Rrotogst ialcunigs p gt one of

dur at i onaQeastr Bl o p&RPRftiab tABime Sah k| Fodboll EREhi MR s@bnsAbRked htdehdty Of
real tinme transport protocol data units to at |east one of at |east two
peer to ingert Qreattléast onectéznestamep asspeintsgd ovith the ot loashlone bf sradrphigal ¥ 96 reshémebased
at qust ip §Fr% on..at |least one tinmestanp associated with the at | east one
of said %¥ﬁ¥: F?§u8¥&real time protocol data units, said plurality of rea
time tragsplukality of @€ ltintkkaspdtt potoddEdAig uaiss O6ingtacsbcititddwih b eddl tiiene
transport protocol nmedia stream 10. A nethod according to claim9, further
conpri si HYISPRE Profgcal pnadiasstegm. east one of at | east two peer to peer partia
real -time transport protocol stream ng sessions; 11. A method according to
claim 10, wherein said setting up conprises at |east one of: determning

t he nunb&d. of sai 4 méthbdasordingtqpdam 9,dupharcopprisinglsetting lupttheva leasaospafr t

pr ot pcol ﬁtreanin sessions; trapsmtting information associated with said
at | Bhst 3455t B’é%?gf‘tféo BerE Paniia) rgaliime deansportprotocal Nisaping §e818%e| st r eani ng
sessions; and receiving at | east one request for at |east one of said at

| east two peer to peer partial real-tinme transport protocol stream ng

sessi onsll.12. Asnetbodhactoading taklaign 1@ vdiesdinsdd séiting Hp compripasias laagf one of:
transmtting.one or nmore assi d.real time transport .protocaol dat nits
wi thin afSPEURHE SR pibe gl Raual prtrsbee sl aral s retiper PRI or ¢

pr ot ocol stedafB@gTidRsiongssi ons. A nmethod as in any of the claims 9 - 13

wherein said assigning is further based at |east in part on tinme intervals
of f15%ed dur atragsmitting information associated with said at least two peer to peer partial real-time

transport protocol streaming sessions; and
receiving at least one request for at least one of said at least two peer to peer partial

real-time transport protocol streaming sessions.

20 12. A method according to claim 9, further comprising transmitting one or more
assigned real time transport protocol data units within at least of the assigned peer to peer

partial real time transport protocol streaming sessions.

A method as in any of the claims 9 - 13, wherein said assigning is further based at least in

25  part on time intervals of fixed duration.

15. A Ihethod according to claim 14, wherein said assigning is further based at least in part

on:

i = round (zk—”’%} mod N,

P
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15. A method according to claim 14, wherein said assigning is further based
at least in part on: i =round\ tRTP~to Inod N, Twherein i being an index
of a peerwpaopaeps4parti al real-time transport protocol PCTABHONERBESSI ON,
tR pbeing a tinmestanp val ue associated with the at |east one of said
plurality of real time protocol data units, Tp being time duration of said
time intervals of fixed duration, and N being the nunber of said at | east
two peer to peer partial real-tine transport protocol stream ng sessions.
16. A nethod as in any of the clains 9 - 15, wherein at |east one data unit
of sai d wheleaidtcingan ioflexaofidl paealtd paer phrtinbrghl-tinatransparigpotocolptisamingl  dat a
units is_assigned to more than one of. the at |east twd peer to .pee rtial
Fonl <t T Ph B et BRSUATD SeE arorigled gl e S0 R oM PSR sl P B Y of
the cl ai fithe Protoddd datth@its| Th tRingd @88 HuMkien kE¥aid an@ ibteivalsf fixal dustiohgast one
of said g}l urality of real tinme transport protocol data units is assigned at
t he st ar N heingsthe umbereofispideat leaptdt werpeer socrgeripartialj redl-timetransped HERIPEN pr ogr am
pr oduct gtg,%mlh%sgég?ogs conput er - r eadabl e nmedi um beari ng conput er program code
enbodi ed thereTn for use with a conputer, the conputer program code when
executed by a processor cause the performance of any of the nethods as in
any Of i &l AleffBa%s in dnfr cFhe A%inARPAI Aiierei ARAL DB Uara dnRIcPSAE SPleast™STO! ¥
i ncl udi ng conput er program code, the menory and the conputer program code
conf i gur eat ¢fe pluatiky ofgreal tiie tiaesportoesalr datxenisds hisegnagd pamateuban ongef f or m
at least ;the following: receive information related to.at | east two peer to
peer par & lepg A oPesrdoPrg, e RS EY ISPt pg%?ﬁqigtrgagggg 8SION%ai d at | east
two fgeer to peer partial real time transport protocol stream ng sessions
bei ng associated with a real tinme transport protocol nedia stream receive
at | east I'bné\ methodes it anyedshe elamgfeet 6,tvhemin at lsagtione key dath upit pbsaid ahspor t
protocol, stream-ng.sessi.ons; and store data a i ate P i r

or e of 1 o7 O 854 PREGLY BE e R kb Bost Pl o AGMAN oSSR bl P s oo
st r eam nghi@ d6RiimBsals2T fixed dapfanat us according to claim 19, wherein the
menory and the conputer

15 18. A computer program product comprising a computer-readable medium bearing
computer program code embodied therein for use with a computer, the computer program
code when executed by a procéssor cause the performance of any of the methods as in any of

the claims 9 - 17.
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program code configured to, working with the processor, further cause the
apparatus to performat |east one of: join a peer to peer network

associ at adORPtN20848 at | east two peer to peer partial r@QrAB2IR0GRHNSPOTr t
protocol stream ng sessions; and send at |east one request for at |east one
of the at |east two peer to peer partial real tinme transport protocol
stream ng sessions. 21. An apparatus as in any of the clains 19 - 20,
wherein said informati on conprises at |east one of: total number of the at
| east two peer to peer partial real-tinme transport protocol stream ng

sessi onsl9.and a t Areppur@si@mprisinge, said tine duration val ue being

associ ate ro\ééstsgr,parti tioning of said real tine transport protocol nedia
streaminto Sard at | east two peer to peer partial real tine transport
protocol stremkinogy BeRslimyonduterprogtmpanad,us as in any of the clainms 19 -
21, wherein the nenory and the conputer program code configured to, working

Wi t h & henBhRGRTS Ahd tHelbohfiRler pROER EmchEe RRBRLAYS, WorkRRY oK fﬁe?roéeﬁﬁﬁ:[ one of :

transmt, to another apparatus, at |east one of the received at |east one
peer to ¢ausy thoapparalus tep¢riarimat leastihs feltawipgot ocol streamni ng sessi ons;

reconst rr%géivs%ifgm{a?%h t ia&r:? tﬁg 5?1@%9? QL pgerr% Se%:ecr)l par}t?girgal%i%ﬁeet?msgﬁ %Eotgéoll east
in part on"the received at Ieast one“peer 1o ‘peer partial real*tine

t r anspor dtrepmiiO@diond, kAad At RYstI®6 PEANS pedrPaRinlecaltiflicaraaOpirepiot@dsoci at ed
with the received one or nore peer to peer partial real tinme transport

pr ot ocol St’?@@é@%ﬁeﬁﬁo%se@é’i‘%ﬁ%?c@ﬁ@l witdra el thpe nspe protesal “?*.ﬁdlac W@a%cei ved
peerig o Regle RAEL Bhe 6EAL al loAR thb BBSRObLorRhAIAROL el PASHAIpRERRS] Ons Into a
| arger nunmber of new peer to peer partial real time transport protocol

st ream ngresming sgagonR3nd A net hod, conprising: receiving information rel ated

to at | east eer to.peer, partial real ti transport praotocol .stream ng
sesei onciorg el ashaaied PG B8 or e, AEPe pLlpY a0 PRGRS prorbeti Fep e

pr ot ocol yrsisp&aPtdieeot SE&AnAAS s&8ionsl associated with a real tine transport
protocol nedia stream and receiving at | east one of the at |east two peer

to peer partial real time transport protocol stream ng sessions.

15 20. An apparatus according to claim 19, wherein the memory and the computer
program code configured to, working with the processor, further cause the apparatus to
perform at least one of:
join a peer to peer network associated with the at least two peer to peer partial real-time
transport protocol streaming sessions; and

20 send at least one request for at least one of the at least two peer to peer partial real

time transport protocol streaming sessions.

21. An apparatus as in any of the claims 19 - 20, wherein said information comprises at
least one of:
25  total number of the at least two peer to peer partial real-time transport protocol streaming
sessions; and
a time duration value, said time duration value being associated with partitioning of
said real time transport protocol media stream into said at least two peer to peer partial real-
time transport protocol streaming sessions.

30
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24. A nmethod according to claim 23, further conprising at |east one of:
joining a peer to peer network associated with the at | east tw peer to
peer partweal20r04eds848i ne transport protocol stream ng ses®CHFAB0AMH2Sendi ng
at | east one request for at |east one of the at |east two peer to peer
partial real time transport protocol stream ng sessions. 25. A nethod as in
any of the clains 23 -24, wherein said receiving informati on conprises at

| east one of: receiving a total nunber of the at |east two peer to peer
partial real-time transport protocol streanm ng sessions; andreceiving a
time durdi ohn epnagasus asandny ohthedlaimsil8n 2} avberelvdhe memsy andthe gomipuier
partitioning of said.real ti tran rt. pro 0 i t into said at
Panst "t opiar o ToRabRl id MIPapE IERR brtb SRE e R fahY g

sessSi onsperffm Aldetdedras in any of the clains 23 - 25, further conprising
at least one of: transmtting at |east one of the received at |east one
peer to e aosher apparatis. 46 leastone by the picgived 81 leatt PRS AP JO BeI PPN ;

reconst rH:ﬁfﬂ.ilﬂg(t)l%ﬁﬂ.tpﬁretrp?@tbc&iS%aﬁlfn%@éﬁ%nts; protocol nedia stream based at

| east in part received at 1 east one peer to peer partial real tine
t r anspor tecprstiictcaid salrteaerirans pos psotood ; man sicaambpsedb ali least onpashen desoci at ed

with the recejved at | east one peer to.peer partial real tinme transport
pr ot ocol egflP’%‘L?ﬁﬁ?fﬁt LLRIEH Eps?eeéﬁg‘%ﬂ[:\rref‘ﬁt“gs ﬁiaﬂ%)ogtpr &8%1%1t838?1‘8m§fse?5h‘?é18r ecei ved
peer to @aRhmB aediadonfedthssbéiaRd twit¥he 8dckiviell 0h® 6P Mokl fe@A 1Y ft@r pASSI @RS i Nto a
| arger nunmber of new peer to peer partial real time transport protocol

st r eani ngMme &QBINOFProRYol spreamingsessions: gk am product conprising a

s | . ! : in
se 14 ¢ rPtBETR Fasf B o ThEBRE! S pE TR & po RS IR R REIEE SREREAE (O
cause t hesgiend iato@mRger ahmdeyofohew pecrive pbergfrtis réahtimleyranfpdriyerocdcal s 23 -

26. _ '
streaming sessions.

23. A method, comprising:

15  receiving information related to at least two peer to peer partial real time transport protocol
streaming sessions, said at least two peer to peer partial real time transport protocol
streaming sessions being associated with a real time transport protocol media stream; and
receiving at least one of the at least two peer to peer partial real time transport protocol
streaming sessions.

20
24. A method according to claim 23, further comprising at least one of:
joining a peer to peer network associated with the at least two peer to peer partial real time
transport protocol streaming sessions; and

sending at least one request for at least one of the at least two peer to peer partial real

25  time transport protocol streaming sessions.

25. A method as in any of the claims 23 -24, wherein said receiving information comprises
at least one of:
receiving a total number of the at least two peer to peer partial real-time transport protocol

30 streaming sessions; and
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receiving a time duration value, said time duration value being associated with partitioning of
said real time transport protocol media stream into said at least two peer to peer partial real-

time transport protocol streaming sessions.

26. A method as in any of the claims 23 - 25, further comprising at least one of:
transmitting at least one of the received at least one peer to peer partial real time transport
protocol streaming sessions;

reconstructing said real time transport protocol media stream based at least in part on the
received at least one peer to peer partial real time transport protocol streaming sessions;
consuming media content associated with the received at least one peer to peer partial real
time transport protocol streaming sessions; and

partitioning at least one of the received peer to peer partial real time transport protocol
streaming sessions into a larger number of new peer to peer partial real time transport

protocol streaming sessions.

27. A computer program product comprising a computer-readable medium bearing
computer program code embodied therein for use with a computer, the computer program
code when executed by a processor cause the performance of any of the methods as in any of

the claims 23 - 26.
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