1 REDUCI NG EFFECTS CAUSED BY TRANSM SSI ON CHANNEL ERRORS DURI NG A

STREAM NG SESSION FIELD OF THE I NVENTION 5 The invention relates to
streamng nedia froma stream ng server to a streamng client via a
transm ssi on channel . BACKGROUND OF THE I NVENTION 10 Multinmedia stream ng
is a session based, uni-directional service that may include one or nore
medi a conponents, such as text, speech, anIO -vi deo, graphics, which are
streaned or otherw se transported in near-real-time froma dedicated
stream ng server (hereinafter referred to as the server) to a streani ng
client device 15 (hereinafter referred to as the client) via a transm ssion
channel which rmay BEDUCHNG FFFECTSHYABSED BIITRANSMISSION AT L8/ Enet wor k.

Typi cal ly, a nunber of cl t he server over the network. The
server is able to respondﬁ@é@ﬁ@i&@%‘g% SINMINGBESREON| j ents. 20 One
task for the server is to transmt a desired nedia streamto the client.
Typi- cally, th 0 qﬁ?ﬁﬁﬁﬁﬁgﬁ ired for "raw nedia content (or data)
at the server igﬂﬁ%bég. ]%ﬁg facilitate an attractive multinedi a
stream ng sefvice over gener- ally available transm ssion channels such as

low bit rate nodem or wireless con- nections, the nedia contents are
conpressed bef of ¥ HEFHign selaies ootregping medin) frarp atstreandiSe sérveriv a sweroring ecei vi ng

the medi a, the @eh©enia deconRiBSEssaNd plays the nedia with a snall del ay
or no delay at all. This neans that the nedia needs not to be downl oaded

as a whole before starting to play. Thus, the client does not need to

store the entirganecra Heh content to be transmtted may be
pre- recorded, or alternatively, nmedia can be transmtted during a nedia

event occurl®
Multimedia streaming is a session based, uni-directional service that may inchude

one or more media components, such as text, speech, audio, video, graphics,
which are streamed or otherwise. transported in near-real-time from a dedicated
streaming setver (hereinafter referred to as the server) to a streaming client device
15 (hereinafter referred to as the client) via a transmission channel which may be
implemented by a wired and/or a wireless network. Typically, a number of clients
can access the server over the network. The server is able to respond to requests

presented by the clients.

20  One task for the server is to transmit a desired media stream to the client. Typi-
cally, the storage space required for ‘raw’ media content {or data) at the server is
huge. In order to facilitate an attractive multimedia streaming service over gener-
ally available transmission channels such as low bit rate modem or wirsless corn-
nections, the media contents are compressed before being sent (or streamed) to the

25  client. Upon receiving the media, the client decompresses and plays the media
with a small delay or no delay at all. This means that the media needs ot to be
downloaded as a whole before starting to play. Thus, the client doss not need to
store the entire media content. The media content to be transmitted may be pre-
recorded, or aliernatively, media can be transmitted during a media event occur-

30  remce (such as a concert) to one or more clients as a live transmlssmn (or live

broadcast). Some examples of streaming services are as follows:



30 rence (such as a concert) to one or nore clients as a live transm ssion
(or live broadcast). Sone exanples of stream ng services are as follows: 9
Audi o streaming (e.g. providing the client with streamed audi o pl ayback)
Streaming with an audio and a video conponent (news reviews, nusic Vvideos,
novie trailers, etc.) 5 Audio stream ng wth simnmultaneous visual
presentation conprising still inmges, tex# and/ or graphi cal ani mations
and/or video clips presented in a pre-defined order. As technology in the
field is devel oping fast, networks are becom ng nore effec- 10 tive.
However, at the sanme tine, traffic conditions in the networks are becom ng
nore variable. The throughput bit rate nay vary substantially in the course
of time even duri ng %\h‘f one and sane stream ng session. In order to use
network re- sources i N PRETHELRS GSpropinaths ey valbctramesiaudio playbidpr ove t he
Quality of Ser- vioe $#RDIncRd , rJ |led (hit) rate
adapt ati on has been 15 int rggduéggﬁwﬁﬁ@gﬁe‘gggﬁn&@&g%ﬁ%ﬁ %%cm(rg’i Irﬁlésué

mul ti medi a stream ng ddws) myineplereieds condi ti ons change so that an

avai | abl e banglwi dt B (Ay&s st t..hit rate) hanges. due tq .so reason,
such as congestion, the rf‘Fansm%%nmlgﬁau?%seI%Fff"i?%e%?%@h?@’fnp’&% gtgu adapt ed
to neet the new netwdrRgasotesli anidongraphinalpniaeitibeeandlon ivlesBlps praafed had t he

server switches to transig tii a streamhaving a bit rate | ower (or 20
hi gher) than the. bit p?g?éeﬁn%‘?&{a%é stream previously transm tted. Changing

the bit rate of the nedia streanms in this way can prevent client buffer

overfl ow or unde w,, hence erienced gquality is inproved. A general
reference, as to‘&{ Jﬁgé}mB}otgy Fé@gi% 18 gﬁ‘f‘c’?ﬁﬁm@ﬁ?s‘:ﬁ netyprlieare Be‘toﬁ%nﬂj%‘@{?r?%? Tdoc S4
(03) 0024, " Eid- ttvecHdwiiet, af teame tipteptrattit 0thdhiRhs BSBE ne@GRR aSeoshiniCA

Meeting #25, 20-24 Januar 03,, San. Fran- 25 G sco, CA, USA (originated
from Eri csson). Al ?ﬁ?ﬂféﬁ‘ ?(Ifeztg’éouélmp’éﬁti/m%}’cﬁéﬁ‘@ﬁ@tﬁﬂf ihihe cowsecofAigiept at i on

suites quite weleverd Giring the one and same streaming session. In order to use network re-

sources in the most appropriate way and in order to tmprove the Quality of Ser-

vice (QoS) and user experience, a concept called (bit) rate adaptation has been

15 introduced. This means that, e.g. if during a multimedia streaming session net-

works conditions change so that an avajlable bandwidth (i.e. throughput bit rate)

changes due to some reason, such as congestion, the transmission bit rate of the

server can be adapted to meet the new network conditions, Fa practics, this may

mean that the server switches to transmitting a stream having a bit rate lower (or

20 higher) than the bit rate of the stream previously tranismitted. Changing the bit rate

of the media streams in this way can prevent client buffer overflow or underflow,

hence experienced quality is improved. A general reference, as to the bit rate ad-

aptation, is made to the document Tdoc S¢ (03)0024, “End-to-end bit rate adapta-

tion for PSS”, 3GPP T, SG-S4 WG4 Meeting #25, 20-24 January 2003, San Fran-
cisco, CA, USA (originated from Ericsson).

b2
th

- Although it is generally accepted that bit rate adaptation suites quite well for
adapting streaming media in situations in which an available network bandwidth
changes, it is not considered an ideal method for systems which undergo transmis-

30 sion errors or for systems in which transmission error situation on a transmission

channel changes during a streaming session.



adapting streaming nedia in situations in which an avail abl e network

bandwi dth changes, it is not considered an ideal nethod for systens which
undergo transm s 30 sion errors or for systens in which transm ssion error
situation on a transm ssion channel changes during a stream ng session. 3
As far as transm ssion errors (or errors during transm ssion) are concerned
the followng error categories are generqgly recogni zed: bit errors and
packet errors. Bit errors are typically caused by inperfections of

physi cal channels, such as ra 5 dio interference. Packet errors, on the

ot her hand, are typically caused by |limta- tions of various elenents in
packet-swi tched networks. For exanple, a packet router may becone

congested, i.e. |t A recei ve too many packets and cannot output them

i .e. forward theJF‘hE £ %H% ﬁ%m%&%?mh%‘?%g% é’fcg?‘réﬁfmga?a”@%s@%e carreefihe such a
si tuation, its bislibeingsjroovasdoliends )oencdill @On0Ed: B GrRAsltelSideholsOSt as a
10 result. That ] ndor(S)f Sl t.u'gé,l on i.s possible, for exanple, wth the
current | nternet™Afde™ {o EPEAY srutedwiaperfisions of physieel oittarelp shdlesssahave a

finite size. dn dibeidrekdnowimagiet a8 & 8PSl BandBLE o Wang et
al, "Error Resil: iegt Vi deo Codi ng Technieue%hf |EE%”%?§%§F§§¥§%§%sing
Magazi ne, vol . fVP?ﬁ vagous ﬂﬁmﬁﬂﬁlﬂﬁfm$2ﬁw of TROYWks. Kot sxaiplg 4 padkbat
document, in t NGogktat b@dm\BhedRaCTd Rotlay RLLOL o By ASkLYE LY Qaﬁm%at a
packets can only be achieved by allow ng retransms- sion o0 0S or
danmaged) packet S™Prhibsiighe- fectishhsmstodhe hevt gctotionlaten at dpemine rategnest
(ARQ . Such ret 3sMiEskaD its r [ r s, that are.unac-

cept abl eA for cgrtaiﬁ rear?ﬁiﬁggﬁﬁé?Fcat?@E@ﬁ‘@g§§§§§%?mg%%ﬁ%é%#ﬁé S
prevent t he lse rowplt.gfhatidng efsitritioniippossiblyofor txampde, sotnhestietyt Iatamet amdnet wor k
f1 oodi ng consi dgfajbons, ' t alg .it. is therefore

i nportant to devise nedrgkﬁﬁ%%%g&g%a%%%ggggﬁgm§@ﬁ¥W%§m?hat can nake the
conpressed bit streamresilient to trans- mssion errors. 25 Wang et al

further state tRag, o Wint Q_rlléf%l%llcei 8 nfaa® ?c)cc!io%lnlngntil%%énicneg a}, QU or Resit ed
tent Video Coding Techniques”, IEEE Signal Processing Magazine, vol. 17, no. 4,
15 pp. 61-82, July 2000. According to that documen, in the situation just described,

error-free delivery of data packets can only be achieved by allowing refransmis-
sion of lost (or damaged) packets, through mechanisms such as automatic repeat
request' (ARQ). Such retransmission, however, may incur delays that are unac-
ceptable for certain real-time applications. Broadcast applications prevent the use
20  of retransmission. algorithms completely due to network flooding considerations.
According to Wang et al, it is therefore important to devise media encod-
ing/decoding schemes that can make the compressed bit stream resilient to trans-

mission errors.

25 Wang et al further state that error control is especially important to compressed
video streans, because the use of typical coding methods, such as predictive cod-
ing and variable-length coding (VLC), makes the transmitted stream very sensi-
tive to transmission etrors. A single erroneously recovered sample at the receiver
side may lead to errors in the subsequent samples in the received picture (or

30  frame) and/or following pictures (or frames). Likewise, a single bit error can



vi deo streans, because the use of typical coding nmethods, such as

predi ctive cod- ing and variable-length coding (VLC), nmakes the transmtted
stream very sensi- tive to transm ssion errors. A single erroneously
recovered sanple at the receiver side may lead to errors in the subsequent
sanples in the received picture (or 30 frame) and/or follow ng pictures (or
frames). Likewise, a single bit error can,4 cause the decoder to |ose
synchroni zation, so that even successive correctly re- ceived bits becone
usel ess. Many error resilient coding techniques (error resilient

t echni ques) have been de- 5 veloped to provide error resilience for the
conpressed vi de6augndhealsdodst bi fose symcbamizatiohs sOMiAg ek sabcegi aritc@PRCErning a

video stream 09&v&ﬁﬁ§5§£h%ﬁ¥déo make the conpressed bit streamresilient
to transmission errors Is to adﬁ‘(or | eave) redun- 10 dancy into the

stream so that it is possible to detect and correct errors. The server

typically has ( ers.to. perfo source codi ng and channel codi ng.
Redun- dancy can Eiegrg%daséhﬁinﬁg%‘#’f$éf Hies 6507 Ewilisht teehainves) hapelbecn dvng et al

further state tdiegkedavenovilterrar saMhe & Re okl FAEPLES aﬁ&f? il ssing
y

due to transms %on errors, the decoder at the client can tr 0 estimate
said sanple or &k of sanpl es 15 based on surroundi ng sanpl es, by nmaking
use of inherent correlation anong spa- tially and tenporally adjacent

sanpl es. Such tecgpiques are_known as error con- ceal nent techniques.  These
t echni ques are ‘Apgo 815 Fle?!; PPRBYImSTaBmS rFovideo iplamt, ehey possibility riatoenke Hies
redundancy in @omb@Ral bitRirbde rINeed ; To limt the effect of
error prop%gation,,an encoder can_pg??%gﬁgg %“F%%Jgﬁ &WgeﬁFgHﬂF?ion
process. A0 CoHgdgadiscacnr soihal ifippesibledoditedend cirentyras. THegerearcoder i s
that a transm $&iQly h&d FQicolBY 1@ a-portion of a frane, which can
t hen be estina?%% b§ inger?_pqla%%%%%lﬁﬁké(gggéﬁydégmﬂﬁgﬁ?i%%ggﬂﬂmthe

f or egoi ng, conB@K citt beoaddedis dithenibe stueeshmichaes! cbadr. Wang ef af farther state

that even when a sample or a block of samples are missing due to transmission
errors, the decoder at the client can try to estimate said saniple or block of samples
15  based on surrounding samples, by making use of inherent correlation among spa-
tially and temporally adjacent samples. Such techniques are known as error con-
cealment techniques. These techniques are possible if coders do not completely
eliminate the redundancy in a signal in the encoding process. To limit the effsct of
CITOr propagation, an encoder can periodically restart the prediction process. A
20 comsequence of this infentional deficiency of the encoder is that a transmission
error may affect only a portion of a frame, which can then be estimated by inter-

polation,

Wang et al, as described in the foregoing, concern error resilience techniques for

25 video streaming, For error resilience techniques for audio streams a general refer-
ence is made to document Colin Perkins et al, “A Survey of Packet Loss Recovery
Techniques for Streaming dudio”, IEEE Trans. Network, vol. 12, pp. 505-515,
1998,



25 vi.deo stream ng. For error resilience techniques for audio streans a
general refer- ence is nmade to docunent Colin Perkins et al, "A Survey of
Packet Loss Recovery Techniques for Stream ng Audio ", |EEE Trans.

Net wor k, vol. 12, pp. 505-515, 1998. 5 It is to be noted, however, that
the mere fact that error resilience techniques exist does not alone bring
a solution to e.g. that situation in whi error characteristics on a
transm ssi on channel change during a stréam ng session. 5 SUMVARY OF THE
INVENTION It is an object of the present invention to cope with

transm ssion error variation during a streamng transm ssion. 10 Accordi ng
to a first aspeditis ofbetoesdi hwedvei, dmt ths mesk e fabiSthr ot fkeﬂieﬁcertedhhiqdesfe&ist st ream

ing media froma stre server. to a s ream.n t vig a transm ssion
chan. nel, wher 1% P Ao ied hner fues i e whFherd dubusiies
transm ssion ch@n@@éns@ﬁs@ﬁﬁ chahbiahhR dinODMeMhig sekioql resilience
adaptation to the streaming nedia. 15 The termnedia is considered to nean

ei ther video or audio or another media, such as still inage, graphics,

text, speechs or sewcoripatE aavERer®ef, i.e. nulti- media. 20 In an

enbodi ment of the invention, error resilience adaptation is performed so
that error resilience properties of a stream ng content (to be sent to the

client) are imyR QVEH.Lbf E}f%q}i&%ﬁ’t ﬁ%énho% ntbeco}e Qi tﬁsﬁlsglgﬂ'eﬂgpvﬁaﬁ&{

resilience levels. In"an em "bodi nent ror resilience level (or value)
is defined for @ﬁﬁﬁdﬁ%ﬂ%@#ﬁ%ﬁﬁmﬁﬁﬂnstrean1|n accordance with the targeted
hi ghest (or rnaxinmum data |oss rate the 25 nedia content or streamin
guestion can tolerate. A set of pre-generated streans having different

| evel s of el orAqeenlingite ndyst aspdetrdWiernyyepen thereod powdiet y natittfod dersstytam-

ing media from a streaming server to a strearning client via a transmission chan-
nel, wherein the method comprises:
reducing effects caused by transmission channel error varjation by applying error
resilience adaptation to the streaming media.

15
The term media is considered to mean either video or audio or apother media,
such as still image, graphics, text, speech or any combination thereof, i.e. multi-

media.

20 Inan embodiment of the invention, error resilience adaptation is performed so that
error resilience properties of a streaming content (to be sent to the client) are im-
proved or reduced with the aid of pre-defined error resilience levels. In an em-
bodiment, an error resilience level (or value) is defined for a media content or
stream in accordance with the targeted highest (or maximum) data loss rate the

25 media content or stream in question can tolerate. A set of pre-generated strearas
having different levels of error i‘esiliency and having been produced by different
error resilience techniques (a reference is made to the document Wang et af al-
ready introduced in the ssction “BACKGROUND OF THE INVENTION”) may
be made available to the streaming server. Error resilience adaptation may be per-

30  formed by swithing, at a suitable swithing point, a transmitted stream to a stream

having a different error resilience level. Thereby, it is possible to react to changing



error resilience techniques (a reference is made to the docunent Wang et al
al - ready introduced in the section "BACKGROUND OF THE | NVENTI ON') nmay be
made available to the stream ng server. Error resilience adaptation may be
per 30 formed by swithing, at a suitable swithing point, a transmtted
streamto a stream having a different en-or resilience |level. Thereby, it
is possible to react to changing 6 network conditions. |If the transm ssion
error situation on the transm ssion channel becones worse, the error
resilience level of the transmitted stream ng nedia may be increased. On
the other hand, if the transm ssion error situation on the trans- m ssion
channel beconesn@ebtiewnditines. Hthoranseiiibh enasihaisalonMyrhentiast gased. I1n 5
this way, the uger ex eriﬁgce s_hozﬁl.d rfl tively be. increased. An enbodi nent
of the present I'MvVent i'Of HkESTIERFFe 1oV e oL dudramgiitad eresing wedis may ence
adapt ati on. Webe incaasdoOnnite ocrused it HRrtfmkSision BeatitRidADEELA trans-
multiplicity of. pr e-cﬁeneggt ed s reagg, but a _nedia content may be
(trans)coded by™&8>SHitYBrelectFehettivo dratreriesitisngg [qvek may bg deqressedhdn t j ne) of
actual stream ntgistw@pﬁlarh@@iegmieﬁg@%mféglﬁ;,gy@e%&ggga_ aspect of the
invention, there is provided a client devicé conprising: receiving nmeans
for receiving stream ng nedia sent froma stream ng server to the 15
client device VAReAbSdiRBHBIIR HekehANARbA nflRLEGE 0P BraflBiTe fioLodfdACT I NG
transm ssion channel errors; and sending neans for sendi n% an error
resilience adapgt¥e iaéwt¢@&ugglﬁn reansediignegis pesditharg is warevdto, ha?@a Fiubiptititent

devi ce may be q}fgpeb'%gngm%%g%,?ht Aneih [l Iﬂﬁ‘i%‘l&ﬁsg&d%dfv%égsgi’f%%m - nal .

According to a third aspect e Invention, prov st reani ng
server conri saaiepd o Gredeniionelosedaths ting) ofasho sigpamingemnsmissioedi a to a

steaming client via a transm s-

According to a second aspect of the invention, there is provided a client device

comprising: ' '

receiving means for receiving streaming media sent from a streaming server to the
15 client device via a transmission channel;

detection means for detecting transmission channel errors; and

sending means for sending an error resilience adaptation request to the streaming

SErver.

20 The client device may be a mobile station of a cellular network or a fixed terni-
nal. '

According to a third aspect of the invention, there is provided a streaming server
comprising: |

25  sending means for sending streaming media to a streaming client via a transmis-
sion channei; and '
adaptation means for reducing effects caused by transmission channel error varia-

tion by applying eror resilience adaptation to the streaming media.



sion channel ; and adaptation nmeans for reducing effects caused by

transm ssion channel error varia- tion by applying error resilience
adaptation to the streanming nedia. 7 According to a fourth aspect of the
invention, there is provided a system conpass- ing a stream ng server, a
transm ssi on channel and a stream ng client, wherein the system conprises:
~transmi ssion neans for transmtting streamng nedia fromthe stream ng
server to 5 the streaming client via the transm ssion channel; and
adaptati on nmeans for reducing effects caused by transm ssion channel error
varia- tion by applying error resilience adaptation to the stream ng nedi a.
According to a #ickerfing§peburtbspetief thevevrention therhie peovided prspsténd estngtise onput er

program 10 proﬂ%%tsn%?ﬁﬁﬁws&?ér,ea%{ehs istoh &f1 &%}éh%%tma%ﬁ%@?eﬁ?% fenfhI9" M

. [+ .
product conprising: programtco or controlTrng reception of Stream ng
medi a sent fronswtst cpgmkesy server to the client device via a transm ssion

channel ; program code. for detecting.transm ssion channel errors: and
progr am code fogjal%:sgr?lsts?o%ﬁln}%sgf%%%aﬁl&ﬁn of eﬁlﬂmetnf‘%fa ﬁ%’éi P’lsgﬁ%%lnﬁm?‘g?i on
request to 15 theetrshispdlienyishe tedsmidioehsinagaid a sixth aspect of the

i nvention, there,is.provided conputer program praoduct executable in a
stream ng serve?’d,apg’ﬁ ’5‘8%%%&%“5@56%8% Ef’E‘B t i FIPR Chanpel erop Y qian g r am
code for contr olibd BGppRBdicAtr 10filicict e@iion RHé srda@irg Bédi£am ng client via
a transm ssi on channel; and program code for controlling error resilience
adaptation applied to the stream ng nedia. 25 Dependent clains contain

pref erabl e enbodidvesistoaftiinhishdcofaRd inOéhtion 1Bers iYr&Gled I BhntRfer pRBIA Ned i n
dependent clainms relating to a_particul ar aspect of the inven-_
10 product executable in a client device, the computer program product comprising:
program code for controlling reception of streaming media sent from a sireaming
server to the client device via a transmission channel;
program code for detecting transmission channel errors; and '
program code for controlling sending of an error resilience adapiation request to

15  the streaming server.

According to a sixth aspect of the invention, there is provided a compufer program
product executable in a streaming server, the computer program product compris-
ng:

20  program code for controlling sending of streaming media to a streaming client via
a transmission channel; and
program code for confrolling error resilience adaptation applied to the streaming

media.

25  Dependent claims contain preferable embodiments of the invention. The subject
matter contaimed in dependent claims relating to a particular aspect of the inven-

tion is also applicable to other aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
30



tion is also applicable to other aspects of the invention. BRI EF

DESCRI PTI ON OF THE DRAW NGS 30 Enbodi nents of the invention will now be
descri bed by way of exanple with reference to the acconpanying drawi ngs in
whi ch: Figure 1 shows a conununications systemfor a stream ng service; 5
Figure 2 shows a nedia informati on box according to an enbodi nent of the
invention; Figure 3 shows a system for stgeam ng nedia according to an

enbodi ment of 10 the invention; Figure 4 illustrates a stream ng server
according to an enbodi nent of the in- vention; 15 Figure 5 shows anot her
illustration of the stream ng server of Figure 4; Figure 6 illustrates a

streani ng cl i entErasdireetaelcbe drisgtiero wihnewibe dicsasited by way o ckamdamiitn;  and

20 Figure 7 showsc.ano!eke dcbdishial u:ak i Be.stream ng client device of
Figure 6. DETAI LED DESCR?I I%Tll%s\dl %j?lgur gngséégﬁswﬁ'a comuni cati ons system

according to an enbodi nent of the in- 25 vention. The system conprises a

stream ng serverg &&%L\(I)\Qi %g‘yggg ?Rﬁiggio&;?%’?te?l'ﬁ%&% ﬁ&%rélré%réi{ nt er net Protocol)

104. The | P-netwo or exa ““or a service
provi der opemator's intranet (an Intranet network belonging to the

operator's domaig) . Jhe LP-netwark 104 is .coupled to a care. ne Lk 103 of
a nobile com"rurlfi? %’zIﬁT onsslhﬂ‘g% \7\5}\%% gnﬁlﬁ’&dﬂo?‘ﬁﬁccwg% g’eanpfg’i‘ 0%%&1\36% a G
inter 30 face. The nobi liaveg@oayuni cati ons network may be, for exanple, a
2.5 h genera- tion' GPRS or EGPRS network, or a 3 a or further generation

cellular nobile 9
Figure 3 shows a system for streaming media according to an embodiment of

10 the invention;

Figure 4 illustrates a streaming server according to an embodiment of the in-

vention;
15 FigoreS shows another illustration of the streaming server of Figure 4;

Figure 6  illustrates a streaming client device according to an embodiment of

~ the invention; and
20 Figure7 shows another illustration of the streaming client device of Figure 6.
DETAILED DESCRIPTION

Figure 1 shows a communications system according to an embodiment of the in-
25  vention. The system comprises a streaming server 111 which is coupled to an IP-
network (Internet Protocol) 104. The IP-network 104 may be, for example, the
Internet or a service provider operator’s intranet (an intranet network belonging to
the operator’s domain). The IP-network 104 is coupled to a core network 103 of a
mobile communications network. The coupling may be performed via a G; inter-
30  face. The mobile communications network may be, for example, a 2.5™ genera-

tion” GPRS or EGPRS network, or a 3™ or further generation cellular mobile



comuni cati ons network. The nobile comruni cati ons network al so conprises a
radi o access network (RAN) 102 coupled to the core network 103. The radio
ac- cess network 102 provides nobile client devices 101 with access to the
nmobi |l e conmuni cations network over an air-interface. The nentioned access
may be pro 5 vided e.g. by circuit switched neans (e.g. circuit swtched
data call) or packet sw tched neans (e.g, GPRS (CGeneral Packet Radio
Service)). Accordingly, these techniques nay be used to carry nedia stream
packets over the air-interface por- tion. 10 It should be noted that the
presence of an air interface is not necessary. The net- work(s) which

provide(s) a trangfusisiins 6A36ReThE AbLIASRINMBRIMER MetiSk kb Gaiibritgs a Server
111 and the stream;cg client 101 may consist of a fixed network or net-

works, such as 599 3658 mphost Wl B compleduisy the corpgaiaper 103 FEmBHSET on

errors and err Qs \aiwort E@NploMdaNmBRY FIRBITER ced MYOh M RBceRs FORE heunet wor k
are generally con 15 sidered bigger a problemthan in a fixed "non-nobile"

networ k envi r onfEABUNicationy pateerk ogeramairinigripneoBlesreniiayedsers? 1ngE by pie-
following basi cyabees: by uflie: ShiAAMA T BreANkERled QufbaREGaia stored
in the stream ng server 0 111. The contént can be stored I'n d standard
file format suctwitphedmpisdeBoPRinkGersrad BackenR4dRCE¢riint)p riwaidingdy, these

Organi zation fo - [ ' ase . .a fi Aoy ,

14496- 12115444-%%@‘?‘%%2‘%2'3% ?‘%éﬁgp)cﬁﬁe‘é‘t%‘ri%g& ec aﬁiu‘éég?‘;e%omn sé’u@%‘%g&wm file
format (1SQ | EGid¥496-14), AVC (Ad- vanced Video Codec) file format
(I'SO' I EC 14496-15), or in a 3GPP file 25 format (3 GPP TS 26. 244 (3rd

Generation Partnership Project)). The stream ng session or presentation
descri ptionld s Imslaeldbandtabihet the ptebance of aregit inldbfhce Fmosneassalye Thons; f or

exanpl e, through a SP URL eal -Tine Streamn tocot:h | ETE. RFC 2326,
Uni f or m Resour ggorﬁ@:%ﬁ)pm&de&gﬁ%@ﬂs%ﬁp”ﬁ aﬁne?@éggﬁllgh&&?c ? 55818 ot ocol |
| ETF RFC 2327) .server 111 and the streaming chient 101 may consist of a fixed network or net-

works, such as a fixed IP-network or -networks. However, transmission errors and

error variation in an environment involving a mobile network are generally con-

15  sidered bigger a problem than in a fixed “non-mobile” network environment.
A typical streaming process may comprise the following basic steps:

- The streaming media content is created and stored in the streaming server
20 111. The content can be stored in a standard file format such as a file for-
mat based on ISO (International Organization for Standardization) base
media file format (ISO/MEC 14496-12 | 15444-12 (International Electro-
technical Commission)), MP4 file format (ISO/IEC 14496-14), AVC (Ad-
vanced Video Codec) file format (ISO/IEC 14496-15), or in a 3GPP file
25 format (3GPP TS 26.244 (3" Generation Partnership Project)).

- The streaming session or presentation description is made available to the
client 101. This can be done, for example, through an RTSP URL (Real
Tiﬁle _Streaming Protocol, IETF RFC 2326, Uniforin Resource Locator) or
30 an SDP file (Session Description Protocol, IETF RFC 2327).



10 The client 101 requests (with the aid of an RTSP DESCRI BE net hod) a
session description fromthe server |111. Capability exchange nay be car-
ried out for the server 111 to know the capabilities of the client device
101 and/or the preferences of the user. In capability exchange of the 3GPP
5 packet-sw tched stream ng service (3GPP TS 26.234), WBC (World Wde Wb
Consortium Resource Description Framework (RDF) Schema Speci- fication,
WBC CC/ PP structure and vocabul ari es and P UAProf Speci- fication maybe
used. 10 - The server 111 responds to the client 101 with the session
description file (SDP). - The client 101 sends an RTSP SETUP nessage to

the server 111 to sefThPcient $0T 8Q0IsRYWiBdhaid QFRA RSP DESGREAH Qaibd)G:
session. There is a separate. 15 RTSP SETUP request . per nedi a conmponent

(e.g.. one for audi oSAHOP SRS RN oy thgiserasr e df-apaodip 6HdAescdrat Me"*Eessi on) .

The server | 11 respgpdsutti@ thd fevenirlUB KABS 380 pabilitl RS el BBt diAde ARANDS an
RTSP PLAY nessage in order to start nedia data 20 delivery él .e. Streamng
of the nedia). The s&id{rthg prefaences of the usel iy eppabHiy cxdynesseltre FdFa to t he

client 101. 5 During,plavhacked 4Bk kGhke @%ﬁ@hd@ﬁ@?%@@ﬁﬂﬁw&he
pl ayback and send an RTSP PAUSE request to the server 111." The server Il|
stops the 25 nedi a Wab&ocdwiivmerReseuscs Pescrptioadramegork (RBFcfdheme Su@t can

resune pl ayback usi g‘%ﬁigl??g%ﬂﬁeﬁmgﬁg%%mﬁﬁcdbu@g% %rf &Aﬁr&gﬁlﬁ‘t he

session if the playback ni's e cli I'ssues an RTSP
TEARDOWN request . 30ficklion may be used.

10 - The server 111 responds to the client 101 with the session description file
(SDP).

- The client 101 sends an RTSP SETUP message to the server 111 to setup a
streaming media component of a streaming session. There is a separate

15 RTSP SETUP request per media component (e.g. one for audio and one
for the video media component of the session). The server 111 respouds to

the SETUP message.

- The client 101 sends an RTSP PLAY message in order to start media data
20 delivery (i.e. streaming of the media). The server 111 starts to deliver the
requested media to the client 101, .

- During playback, the client 101 may decide to pause the playback and

send an RTSP PAUSE request to the server 111. The server 111 stops the

25 media data delivery to the client 101. The client 101 can resume playback
using the RTSP PLAY method.

- The server 111 ends the session if the playbaclk is finished or if the client

101 issues an RTSP TEARDOWN request.



Transport of session control data may be inplenmented e.g. by using RTSP on
top of TCP/IP (Transport Control Protocol), RTSP on top of UDP/IP (User
Dat agram Protocol), or HITP (HyperText Transfer Protocol, |IETF RFC 2616)
on top of TCP/IP. Transport of actual nedia data (or content) may be
inplenented e.g. by 5 using RTP (Real-tine Transport Protocol, |ETF RFC
1339 and 1890) on top of UDP/IP or interl eaved i nside RTSP nmessages (i.
RTP/ TCP/ 1 P). According to an enbodi ment oftt he invention, error resili ence
adaptation is sup- ported in media (or nmultimedia) stream ng. For that
purpose a set of error resil- 10 ience levels is defined. Once both the

server Il and tRenepdrieoflsess@d ckinelahid @iak b@%ﬁleﬁ‘l@me& Egstgr ﬁsﬁl}@iﬁpc&ﬂfgge used

to control strea f ?}Ilatra sm SSi ons. eve

error resili encen‘é QP/? rﬂ?&’r& RETUPROceD, K'é$%@1tiém Ofﬁﬂ@d@s({(}sddlaﬂagtms rate.

Ei ght error resiPiogRes, beMels (quférﬂﬁi ’I%gfef’@ cftt?do ligrt %fiﬁ‘é} 11r eSI i ence
0 0

| evel Targeted %p@gt data | oss rate 0% errar- 20 3
4% 4 3.% 5 16% obrEfsPRif ghstual me@ﬁﬁp@c{plfmtbm) 24y Héompemnqaﬂe b)he error
resilience | evelysgd mob ¢RdL8mENRL, t RpPaM error
resilience |evel_ can to@aat e the SﬁOrFﬁegot%ogc]):?ﬁ?mm w§,§$%ﬂ‘;?g§Q)@§l§0}? gte of 4%
in the transni SEPBAP EW&WH@WGWH&SJFI@B{FSEmg:magesc(antR’KWBdi‘KfIR)l on in the received
nmedia (e.g. picture) quality. Wilst a nedia stream having the error

resilient level O indicates '
According to an embodiment of the invention, etror resilience adaptation is sup-

ported in media (or multimedia) streaming. For that purpose a set of error resil-
10 ience levels is defined. Once both the server 111 and the client 101 know their

meaning, these levels can be used to control streaming media transmissions.

In this embodiment, levels of error resilience are defined according to targeted

highest data loss rate. Eight error resilience levels are defined as follows:

15

Error resilience level Targeted highest data loss rate
0 0% (error-free)
1 1%
2 2%

20 3 4%
4 8%
5 16%
6 32% orhigher
7 unspecified.

25

For example, the error resilience level 3 indicates that a media stream having that
error resilience level can tolerate the highest (or maximum) data loss rate of 4% in
the transmission channel without significant distortion in the received media (e.g
picture) quality, Whilst a media stream having the error resilient level 0 indicates

30  the usage of the highest compression ratio under the coding algorithm,



(1'J 30 the usage of the highest conpression ratio under the coding
algorithm 3 12 According to an enbodi nent, a set of pre-recorded nedia
streans is available to the server 111. Each of the streans is
intentionally encoded with a different anount of error resilience, for
exanpl e, by addi ng redundancy as described in the foregoing. A first
stream may, for exanple, have the error r §i|ience |l evel 0, a 5 second
streamthe error resilience level 2, a thitd streamthe error resilience
|l evel 4 and a fourth streamthe error resilience level 5. During an
established stream ng session the server 111 may adapt (or adjust) its

transnissi on so Bbakdihg toddnBnbo@imednt, ANSMbApré-RBofkd melih 8RERRESs hv-SHbik & for
the prevailing error conditions of the trans- m ssion channel. |If the

initial transnitPEFOSEr bhimbaeh of dhe sewrE & drlertianpiagiegedkivith e diferent
resilience |evel mﬂéunﬁﬁﬁnbh%sﬁ_&ﬁd%rfo?@%ﬁlé,%?%ddiﬁ@fed%ﬁﬂ% £deSHBOOH O the

worse, the server ill can switch to transmtting another stream having a
| arger error re-OEHPMENEdIrptesiraim maye fos\ixpmnlej havd dhre ermar tasibwics &yEeO.sai t chi ng

point. In this exbodisredPRL erdlesiBELY el Ltﬁﬁﬁ%tregn?ﬁﬂe%ﬁg{mﬁgenc%ﬁggélﬁtge? OWi ¥

transmt the third stream (having error tesilience I'ev

probabl y experi efiéa fqughgeamdbe paetaeiibence fevebs.teingeni ctebiishbd stygengignce a
stream having a Qi r i) ] | .has a little, bit.worse
Gual ity ¢ han e ndepngthe Sirbari 1l ik LERCRL S i Wpfuinlide 1Spalt Ve, 4
smal | degr adat i dranjpit theditrsereing beph alitet yor the preedilieti@rcofiditionshé theseins-

Cranem (1 ed ot r&amen AEpRE Y Bt 18 RBh R e o e nr 6UPe ave
been, in a V6rstrosesliace yeli)tad the cder c@ilitbhs, dneskatipR, tangdhe thaeosased dat a
| cvel s of "or ror BeaENeT Ll el BRarRERREE SRS i bt idtey iR stgh. ¢ ha
the nunber of refichdedmck Thewsslish defeirds aonitatld ewitdipleepoRt Bi ih@nemidaer ef ore
more or less t h%%nf iﬂ%@érvclarelvﬁlcgn, r?gxy exgrenp e,e gxils.'l?c%cio tr%r?smit the third stream (having

error resilience level 4). The user will probably experience a small degradation in

15  the media quality, since a stream having a higher error resilience level has a little

bit worse quality than the stream Vhav-ing a lower eror resilience level. However, a

small degradﬁtion in the media quality is much better for the user experience than

if the server had continued to transmit the originally transmitted stream. In that

case, the qualit_y of the media could have been, in a worst scenario, totally de-

20 stroyed due to the increased data loss (or packet Joss) rate.

In the preceding exemplary embodiment, eight levels of error resilience were de-
fined. It should be noted, though, that the mmmnber of resilience levels depends on
the implementation, therefore more or less than eight levels may be defined.
25

Media contents are typically stored at the server 111 in a specific standard file
format. According to an embodiment of the invention, the error resilience values
(or levels) of the available streams are stored in the file format. In this way, the
server 111 will know the error resilience value of each stream and may perform

30 error resilience adaptation by choosing a proper stream according to the prevailing



Medi a contents are typically stored at the server 111 in a specific
~standard file format. According to an enbodi nent of the invention, the
error resilience values (or levels) of the available streans are stored in
the file format. In this way, the server 111 will know the error
resilience value of each stream and may perform 30 error resilience

adapt ati on by choosing a proper stream acgording to the prevailing 13
network error conditions and the error reSilience |evels of avail able. nedia
con- tents. As to the file formats, the |1SO base nedia file format is
currently applied for 5 MPEG 4 Audi o, Visual and AVC, and Mdtion JPEG000
formats. To suppmeiwtork eesi donéinoss adapt atroonsiiasedevely dfudviilapleemedineadi ng of

t he sane nedi a §e%1ence with different levels of error resilience, the |ISO
base nmedia file mat may be nodi- fied to include an attribute indicating
an error resilience IeveI for the media con- tent. Alternatively, if M4
format or AVCf%[s &;@g%ﬁn be modify to 10 support the sane.
For other nedia fBé’ée Ff“ﬁ%t egaglia Afavjoruatis cerentiyagprpied (e

Ml ti-Rate) or NREG-4 AXo, AUSlial and BORE andBfidoh TREGI0E fRRatReTd Y porti N Ot her
file formats, for exarrpl e, in the 3GPP file format. The fol | ow ng exenpl ary
embodi ment i | | uissHigicadeniaiongasediop apiligne erodingof thesaggnedia wapmer with | e

format. It shoubgrhe: ROLEES E&tﬁ%éﬂ&éﬁ@é Ne%S Bfse Hﬂgﬂafﬂlé:ﬁ]}}n%n%% RRAsI bl e.
In this enbodi nent, a new box called Media Resilience Information Box is

pro- posed to cBeeyinglads aeadiribpisripdicatiag en cwor resibensp davek for hearedia ewnt ent  (or
representa- tioph. A]%Qx%at@s%})i Y @R, t$r Af\[@?&&}nﬂﬁﬁlﬁﬁgf‘gﬁgé’éa&%‘é’% c@ ?OX Type

ri nf Container: Mdla orrratlon
Zero or onelQ support the same. For other medm types, such as H.263 video, AMR sPeech

(Adaptive Multi-Rate} or MPEG-4 AAC Audio, proper modiﬁcations can be done
in other file formats, for example, in the 3GPP file format.

The following exeniplary embodiment illustrates the modification of the ISO base
15  media file format. It should be noted that other ways of modification are possible.

In this embodiment, a new box called Media Resilience Information Box is pro-
posed to convey the resilience level of the specific media content (or representa-

tion). The definition of the hox may be as follows:

20
Box Type: = ‘mmf’
Container: Media Information Box (“minf™)
Mandatory: No
Quantity: Zero or one
25
The syntax may be:

aligned(8) class MediaResiliencelnformationBox
extends FullBox(‘rinf’, version = 0, flags) {
30 template unsigned ini(8) resiliencelevel = 7;



25 The syntax may be: aligned(S) class Medi aResiliencelriformti onBox
extends Ful |l Box( rinf, version= 0, flags) { 30 tenplate unsi gned int(S)

resiliencelevel =7, 4 14 The semantics of the exenplary box is as
follows. "Version” is an integer that specifies the version of the box.
"Flags" is a 24-bit integer with flags (currently all zero).

"Resiliencel evel" specifies the error reslilence | evel of the nedia content
(or media representation). In an enbodlnent mhlch uses the definition of
eight 5 error resilience levels, the value of "resiliencelevel” is in the
range fromO to 7, inclusive, as defined in the foregoing definition of
error resilienceThesalaaiics ¢f thiexenptaty bsx ods fallaid. di¥essjont’ hsaaidéaft@ai thatar ror

resilience |level of..the nedia ent S.,an . uns i ed
vel of error ruerErTieSesiop B by Hhes K et Rt R GRRRACH
illustrates the Mesh aR&ﬁ&h&éi@ﬁn&pémﬁ@rmamdﬂIes’ih&ax 12@] bidhi meedta &wa:der 21

and the syntax element 22 ("resiljencel evel” whi ch is of bi t.s. to
t he nodificati on&c’?ﬂme Prispressgley & 1 ?I%quﬁ?%f"émheusﬁs ﬁ’teffg’ 0% 188 f or mat |

15 there is the pR3Shdlichtd ¥véid tﬁ@%ct es&itfehdBovbPTiBR theQndeTRml B@ hase
nedia file format as nodified in the preceding. It should al so be not ed

that other ways @plasipo s dpfined mm,ec@rfaplﬁg defanen efheadi rEhmcsieveRelifent i on,

| nf or Mt on abOUley Gk kA iR, 'tﬁan&?aultl S8 késlueﬁcesregaadf% heiiuesmeiihe7ser ver
111 and the client 101. I'n this enbodinment, 20 the server 111 may, during,

streani ng sessi owhighomeans ap gpspetieddeyebof erporesitigns® whi ch  resil i ence
alternatives are available. After the session setup, i.e. during an estab-

| i shed session, the client 101 may request a desired error resilience |evel
fromthe se}f()verA teffgrence is made to Figure 2 which illusirates the Media Resilience Informa-

tion Box 20 having a header 21 and the syntax element 22 (“resiliencelevel”)

which is of 8§ bits.

As to the modification of other possible file formats, e.g. the 3GPP file format,
15  there is the possibility to base these file formats on the ISO base media file format
as modified in the preceding. It should also be noted that other ways are possible,

Acco.rding to an embodiment of the invention, information about emor resilience
levels is signaled between the server 111 and the cliént 101. In this embodiment,
20  the server 111 may, during streaming session setup, let the client 101 know which
resilience alternatives are available. After the session setup, i.e. during an estab-
lished session, the client 101 may request a desired error resilience level from the

server 111.

25  The following is an exemplary embodiment showing signaling of exror resilience
information between the server 111 and the client 101. In this embodiment, SDP
represents a network protocol used for session setup. It should be noted that, al-
ternatively, another protocol may be used. In this embodiment, a new attribute-
line (a-line) is proposed to convey the error resilience information in the SPP ses-

30  sion description during session setup phase. The SDP session description is sent



25 The followng is an exenplary enbodi nent show ng signaling of error
resilience information between the server 111 and the client 101. In this
enbodi ment, SDP represents a network protocol used for session setup. It
shoul d be noted that, al- ternatively, another protocol nay be used. In
this enbodinment, a new attribute- line (a-line) is proposed to convey the
error resilience information in the SDP sea 30 sion description during
session setup phase. The SDP session desé&iption is sent 15 fromthe
server 111 to the client 101. The format of the attribute-line my be as
follows: a=resilience:1 j,12....,1" 5 wherein 11 indicates the default
error resiliencedneuelsefver 011 toavetlicd) 1ANTLE RGinat Saheagttierlildaryiaki ves
(e.g. levels 2,3,4 and 6) which the server 111 supports. The enbodi nent
j ust descri bed éﬁ%ﬁ@éts to enabl e the exchange of server capa- 10 bilities.
This is in contrast to the current specification of capability exchange in
the 3GPP packet-switched stream ng service (3GPP TS 26.234) which supports
only exchange of clientedevfieeddpabli|iti es and/ or user preferences.
However, ex- schanging server capabilities is considered advantageous, for
exanple, for that reason that if the client 101 knows that the server 111
does not suppor Whewssy  jndiveies 16 dafgulp ezarirenilisnce lousl (¢-Bdevehloind /serdinglg to t he
server 111 usel 683 oREl Blorkfisls/ 0GR 4 ADALHAR AEUNE Fr il Rifisf O [ OW NG 15
anot her exenpl ary enbodi nent Owi ng ‘8rgnalrng of error resri- ience
i nformati on between the server 111 and the client 101. This enbodi ment 20
concerns stream i . 0 ring .an tabl i shed stream ng session
In this enbodi %ﬁ??ﬁﬁ%ﬁ%égﬁéﬁt’%@% & v%re&&%%? %f%oe(}:% Based* Tt or ‘St eam ng
sessi on comdr obilittks Thizow liwd cdgrasiab ¢ieb dulpait, spatifieationtol ealayilitaawhier ipr ot ocol
Y ]Pgr fr;fd » A {ﬁ%‘%‘df»‘ﬁslf’acféé%.as%ﬁéheﬁas%ﬁﬁmg Resih (S5 1'% A LIgH «gnd.Pr oposed.
only exchange of client device capabilities and/or user preferences. However, ex-

changing server capabilities is considered advantageous, for example, for that
reason that if the client 101 knows that the server 111 does not support resilience
15 adaptation it can then avoid sending to the server 111 useless error resilience ad-

aptation requests.

The following is another exemplary embodiment showing signaling of error resil-
ience information between the server 111 and the chent 101, This embodiment
20  concems streaming session control during an established streaming session. In
this embodimént, RTSP represents a network protocol used for streaming session

conirol. It should be noted that, alternatively, another profocol may be used.

A new RTSP header called “Resilience” is defined and proposed. The format of

25  the header may be as follows:
Resilience = "Resifience” ":" 1*DIGIT, +, —
The client 111 can use the header, during an ongoing streaming session, to request

30  adesired level of error resilience from the server 101, for example, with the aid of
an RTSP OPTIONS, PAUSE, SET PARAMETER or PLAY request, while the



25 the header may be as follows: Resilience = 'Resilience. ": "1 *DIQ T+,
The client Il can use the header, during an ongoi ng stream ng session, to
request 30 a desired |level of error resilience fromthe server 101, for
exanple, with the aid of an RTSP OPTI ONS, PAUSE, SET- PARANNMTER or PLAY
request, while the 16 server | | 1 can use it to informthe client 101 of
the error resilience level of the nedia,being transmtted, for exanple in
responses which it sends in response to he just mentioned RTSP requests.
Alternatively or in addition, the client 101 can just sinply use the
header to request the server to increase or decrease the error 5 resilience
level, for exanmbfer Mi b a8t & Rl hOeidRT SR GPATE GNS: reRALISE leve SETHPARAVETER
or PLAY request. For exanple the header with val ue 0, such as: 1q
Resilience: 0 wB\fidg teigitmampitted, ferfrawplerip rosppusas sk figindsor TePPEF - r ee
condi tions, whepRas: W RGodleRISH rdubdls. iR mafivel P bOiR adGHEH) tRSliedDl OReah | | ence:
+ woul d indicate & request to start transmtting a stream having a higher
error resil- iefgesiplyaiss tpchegdes te roquest EGEVERY BFEEE G EFSCF? IR e ser ver
L11 the current L asld £06€ ol SXehp1eDGIifOmHIEE o ih rABPIASHORE] PRARMETER
request, e.g. to check the atest ~resililence level after a series of
resilience | evebET RATMARTER or Hed ¥ eemuast. nessages. Actions relating to
streamng initialization have already been described in the pre 25 ceding
description in connection wth the enbodi nent show ng the basic steps of

t he stream ng pFacessple the ledder #0h vdw Aguadndsodi ment, the stream ng session

ini- tialization will be. nore closely described in the view of error
resilience adapta- tion.
10 Resilience: 0

would indicate a request for transmission for error-free conditions, whereas tle

header with the “+” sign, such as:
15 Resilience: +

would indicate 2 request to start {ransmitting a stream having a higher error resil-

ience level.

20  The client 101 may also query from the server 111 the cuirent r_esi]ieﬁce level
being used with an RTSP GET_‘PARAMETER request, e.g. to check the latest_

resilience level after a series of resilience level increment or decrement messages.

Actions relating to streéaming initialization have already been described in the pre-
25  ceding description in connection with the embodiment showing the basic steps of
the streaming process. In the following embodiment, the streaming session ipi-
tialization will be more closely described in the view of error resilience adapta-

tion.

30  Basically, it is assumed that the server 111 has alternatives of different error resil-

ience levels available. In this case, the client 101 understanding the alternatives



30 Basically, it is assuned that the server 111 has alternatives of
different error resil- ience levels available. In this case, the client 101
understanding the alternatives 17 can select an alternative to start wth.
The alternatives can be made avail able, for exanple, using the proposed
SDP attribute. An initial selection can be done using, for exanple, the
proposed RTSP header. The basic initialization steps are as fol- lows: 5 -
The client 101 requests (with the aid of the RTSP DESCRI BE net hod) or
retrieves (wth the aid of the HITP nethod) a session description fromthe
server 111. Capability exchange may be carried out to exchange the client
devi ce' s capabi tdntselest santtérontivehie stag evithp Thd éteamdeg ande nlade setlvidle, fermpabi |

e corver 01 BRI Y pEKSRIE R el Aol Bl b b B8 gl 0N | N

the server 111 resrlience a he "Serve ||
responds w th ofordednplenis griyesskERIED heades The bﬁmmmmasmpn scpnfaian [ﬁ;rig t he
available error _resilience |evels by enploying the proposed 15 SDP
attribute. - ThE"& ient 101 selects the nost suitable error resilience

| evel fromthe given alternatives. 20 - The nmedia. streans are set up with

the aid of the RTSP ETUP t hod The sel ected_alter i i ignaled to
the server 111 by u QhI%ggbﬁaﬁﬁ§égﬂgﬁ?gﬁfW§§ﬁ§ES£%ﬂﬁgﬁﬂ%gﬁm$%§%g?ces are
requested. |f resourgasved (il 86 ke the ITIOEShEN) sedbnisasripibe gom Haxi mum)

transm ssion error rate should correspond to the _selected error, resilience

| evel alternative. ﬁerﬁlriélcfrqpéwfywzh@g\awgbf FRETIFFRRHE 40 e e it t he

RTSP PLAY request . Abvicdduph8ilifes0lad®f i i hidferbAVaidobasivad dgaihi ent 101
may sel ec O Sstar
Y 10 ties. Through capability exchange, the client 101 may get to know that the

server 111 suppoxts error resilience adaptation.

- The server 111 responds with or delivers the session description, SDP,
containing the available error resilience levels by employing the proposed

15 SDP attribute.

- The clieﬁt 101 selects the most suitable error resilience level from the

given alternatives.

20 - The media streams are set up with the aid of the RTSP SETUP method.
The selected alternative is signaled to the server 111 by using the proposed
RTSP beader.

- Network resources are requested. If resources are reserved, a possible
25 guaranteed (maximum) fransmission error rate should correspond to the

selected error resilience level alternative.

- The client 101 staits the media delivery with the RTSP PLAY request. At
the time of sending the PLAY request the client 101 may select to start
30 playback using another error resilience level than the one selected with the

SETUP message. If, for example, the appropriafe transmission error rate



30 pl ayback using another error resilience |level than the one selected with
the SETUP nessage. If, for exanple, the appropriate transm ssion error rate
------------------------- 18 could not be guaranteed, a new alternative
error resilience level can be re- quested at this stage enploying the
proposed RTSP header. The foll ow ng exenpl ary enbodi nents show error
resilience adaptation action 5 during angalready est abl i shed stream ng
session. In other words, there is a stream ing session established, but
during the session network conditions change, thereby causing either an

i ncrease or degrease in the transm ssion error rate (or data loss rate).
10 The first of thesg@uRkenpk aistatsddoshee fitsnatise amorexdlinpbelend] carpbyrer - based
adapta- tion_ In this scenario only the server é%i,gﬁcides whet her and wheén
error resil- ience sMpFhetbinseee aoplermehie PRELE RIRT €% A sed on i nfor mati on
which it receives in RTCP (RTP Control Protocol) receiver reports sent by

the client 101. RTCP is an integral part of RTP angd it bs used go pr oduce
feedback and st ab¢ &lloFinenPEERIATY SRPeEIeRP Sh9Th FrPHERPREE AT Il eRt ssi ons.

Among ot her thi g, B E}E]PE &/5RAbished Rtk feGessloNPRY dtid tvoiddf AEMEEY & Qreamn errors
and packet I%sses gn_t eatpansnigsipn channel to su%gort adapt at j on
deci si ons. A t ypigsassionssirilishest, balcduriss thesessioainalgrotioconfigont dRast MeRhodi nent

is as follows: g0 .Qi'ﬁerta% S 5t Qlhdald @rthé Bl BmisSioh REHCAREEr dAi1ds® networ k
e % erio

vari ations. - ctient sends ic RTCP receiver reports to the
server 111. If mte)report shows a significant change in network conditions
(e.g. indications of high rates of fr agi cents |ost information), the
server Il draws the con 25 clusion that adapting to another resilience
| evel is net@ssahyfirsHofheserexemplarysimbotichepts inat exbuplreef server-bated aded@ of t he

:r Ir, Ce)[) Olr’ ? t (rai g]h,? hé?]{_] gxtﬁ ﬂ{l}% &c%.gz?er?)(r)%ﬁiy ﬁegs%lflx%p 1Y] R4S ik haSHAL &ldrG&sicom ng in

ience adaptation is done. The decision is based on information which it receives in
RTCP (RTP Control Protocol) receiver reports sent by the client 101. RTCP is an
integral part of RTP and it is used to produce feedback and statistic information
15 relating to streaming transmissions. Among other things, RTCP reports indicate
jmportant information on errors and packet losses on the transmission channel to
support adaptation decisions. A typical course of action according to the present

embodiment is as follows:
20 . The transmission error rate is increased due to network variations.

- The client 101 sends periodic RTCP receiver reports to the server 111. If a
report shows a significant change in network conditions (e.g. indications
of high rates of fragments lost information), the server 111 draws the con-

25 clusion that adapting to another resilience level is necessary. However, it
should be noted that the increase of the error rate might not be clearly
enough visible in the statistics coming in a report right after the error rate
has changed. Therefore, more than one report afier the change might need
to be received by the server 111 before draﬁving the conclusion that there

30 is need for adaptation,



has changed. Therefore, nore than one report after the change m ght need

to be received by the server 111 before draw ng the conclusion that there
30 is need for adaptation. 19 The server 111 makes the decision to change
to a higher error resilience |evel alternative. The new error resilience

| evel is sent out. The new error resilience level may be informed to the
client 111 by using the proposed RTSP hggd The error resilience
adaptation may be, for exanple, based 5 nultlple encodi ngs or
transcoding. If it is based on nmultiple encodings this nmeans that the
server switches fromsending a first pre-generated (or pre-encoded) stream

to sending a second phesgaNalanedesiht @aRiseet dilthclthQ hfiRWerbl RLlidesi | | ence
level). If it is based on transcodi ng, this neans that the_ nedia content

sinply is transcoded®Bggpaaiye. ke %%ﬁ%%rﬁl@ace(@beltlwﬂboqfs'fhemwmyﬁi cal l'y

only one encoded Strﬁﬁﬂk&b@éﬁ%ﬂnﬁ?bEhﬁo%&‘{@Ehesdhgﬁ}lll‘bymﬁz ftﬁ‘e% Bp@upl 1ty at
the client is relatlveﬁ%blnprove because of inproved” error resilience. 15

The second exenpl ar yRERDBefdpe Abe prasesitigcaadnption ey b faheempiehkased | ent 101
and the server 111 cg; ﬂgﬁbﬁténg@dn?/ s%?%ﬂ@odg%eiﬂﬂsb@%dé‘%?@nﬁé 195061411%55' | i ence

adap- tation is needed. A typical course action ac
embodi ment is as f dhisopgsns Hgt the Ferwer svdinkasifosi emding rﬂoifsirzac-genemtﬁdr{clr eased
due to network variaflo I LS
measurenents (the s}&rre Enl%g%d) Sﬁ?@]ﬁ% o dﬁ%}%gm%g’trggénéraf&asag%éfg{ag?th" }ﬁe RTCP
reports), that tr ansxmmoomsmenceﬂ@ml)rﬁttes based mctrapacdihg, tﬁt’smeaﬂ'afmatd]ha ent 101
sends to the server est o, ada her S ence | eve
medi a strean1aIterné%%@%%xﬁgﬁqu}%§3H@gﬁgé%é:ﬁ¥ég gegﬁgpgﬂiso ere 18
' 10 typically only one encoded stream stored on the server side).

- The media quality at the client is relatively improved because of improved

- exror resilience.

15 = The second exemplary embodiment presenis a scenario in which the client 101
and the server 111 co-operatively decide whether and when error resilience adap-
tation is needed. A typical course of action according to this embodiment is as

follows:
20 - The transmission error rate is increased due to network variations.
- The client 101 detects, based on is own measurements (the same meas-

urements that are used to generate the RTCP reports), that transmission er-

ror rate is increased.

25
- The client 101 sends to the server 111 a request to adapt to a higher resil-
ience level media stream alternative, using the proposed RTSP header.
- The server 111 acknowledges and starts sending a stream with the re-
30 quested higher error resilience level. Also here, the error resilience adapta-

tion may be, for example, based on multiple encodings or transcoding.



- The server 111 acknow edges and starts sending a streamwith the re- 30
quested higher error resilience level. Also here, the error resilience
adapta- tion may be, for exanple, based on nultiple encodi ngs or
transcoding. 20 - The client 101 starts to receive the new stream - The
server 111 may verify that the decision was correct by looking at the 5
follow ng RTCP reports. Dependi ng on thO%anlenentation, it may be arranged
that the server 111 has the ultimte p r to either accept or reject the
client's request. In such a situation, if the server does not find error
resilience adaptation appropriate, it may reject the 10 error resilience
adapt ati on request presented by the client. Figure 3 shows a systemfor
stream ng nedia according to an enbodi nent of the invention. The system
conpri ses the serverTheslicrdAQl wi#its teracene the @ ¥ server 111 sends
stream ng nedia (transm ssion data) to the client 101 via a transm ssion 15

channel (or path) provided by the network 121. The netmggh %%%yq%g be a
single network or dhecatvemkitlimay wiifyrbalibe depisioleabiREcy ‘PP tstrdt ed in

Figure 1. T cI|- gnaling data to the server 111 via a

si gnal i ng channel OWT#Riepgigééded by the network 121. This signaling
data may conpri se, annng other things, a request for adapting error
resilience |ev s _descr.ib N, th .ﬁgtﬁbﬁxﬁgﬁypﬁ%kﬂa al so
sends signalin§5ﬂﬁP g gt %93“ Jﬁyﬁg&&é%ﬁ%.ln channel _ pr.ovi ded by
the network 12Iyltidhhbe powbgo aithem gccdﬁttca rejegt theonkient’ swequesh chepisationdf ngs,

information on the error resilience leve [ g bei ng
transmtted, aéhﬁ§§@?F§88mWﬁhPﬁ¥mf5?@ (mE&mkﬁgk&ﬁgﬁgggggﬁﬁ%%&grlses a medi a
encoder 113i( hes®: rotiiRee AR rdqued pehetsidodbs clidethe recei ved nedi a si gnal

(here: video signal). The encoding is controlled by a conputer program
114. The output of the nmedia encoder is a conpressed bit- streamwhich is

then conveyed tifogedrshbwd 4 2yswhi £ sBdaniigSmédie astordiagiio afteenbodintent afxhe

invention. The system comprises the server 111 and the client 101. The server 111

b

sends streaming media (fransmission data) to the client 101 via a transmission
15  chamnel {or path) provided by the network 121. The network 121 may be a single
network or a combination of different networks as illustrated in Figure 1. The cli-
ent 101 sends signaling data to the server 111 via a signaling channel (or route)
provided by the network 121. This signaling data may comprise, among other
things, a request for adapting emor resilience levels, as described in the foregoing.
20  The server 111 also sends signaling data to the client 101 via a signaling channel
provided by the network 121. This signaling data may comprise, among other
things, information on the error resilience level(s) of the media stream(s) being

transmitted, as described in the foregoing.

25 The systém comprises a media encoder 113 (here: video encoder) which encodes
the received media signal (bere: video signal). The encoding is controlled by a
computer program 114. The output of the media encoder is a compressed bit-
stream which is then conveyed to a unit 112 which stores the stream. The unit 112
may be implemented as a part of the streaming server 111. As described in the

30  foregoing, a set of streams (streams 1 to n) having different levels of error resil-

iency can be generated in advance (the multiple encoding method). The streaming



may be inplenented as a part of the stream ng server 111. As described in
the 30 foregoing, a set of streanms (streams 1 to n) having different levels
of error resil- iency can be generated in advance (the multiple encoding
met hod). The streaming 21 server 111 then selects the one to be
transmtted. The set of streanms nmay be gen- erated by running the nedia
encoder 113 nultiple tinmes and by storin% the output- ted nmultiple streans
in the unit 112. Alternatively, if trans 6ding is used, the transcoding is
performed by the unit 112 conprising a transcoder. 5 Figure 4 illustrates a
stream ng server 111 according to an enbodi nent of the in- vention. The
server 111 coOnpkés€st1d hdneREE 8Rl0A6 tObe RhRflittcl1Bie Rt PRticahs zay bbhack 116
and a channel encoder bl ock 117. The stream selector 118 sel ects a stream

amongst t he avaieTafsihy ramingdhemadiz raferd L6 grudieimesgme by sioues Hi§ ot r or
resilience 10 | euehgkipEhgeRac kelk a8kt ﬁé6ﬁﬂﬁﬂﬁﬁﬁﬁﬁifﬂﬁﬁkﬁh§ohﬂ&%d-mB t he
sel ected stream Con- cerning a video stream typlca.lag at nost one video
frame i s convey&arscodingis perfereby hanei & bd cuamsBiediigcaffraudi o stream
typically, agpacket may conprise nore than one audio frames. The channel
encoder 117 perforns channel encoding for the packets to produce the
act ual transni sEigore 4dlvstrates 5 sitpaguing sBves HA hacoprbrdieraniombgdieat pidhe 8F t he
server 111. The figkst nmenory
155, a netvor k. Fafel ety 1TRbAER: B arBhPRRREE DAL TS aftdeifrbof L TRV
153, the networ ki1 artdex flzpnel E6&derabldck hiy. She otrehm sedevtoryl 18 5oleeis @ sbeampl ed to
t he processing unit 1. 2 r.Q n it cordance
wi th conputer anfl?%#tﬁe f‘éalpblgh%eragl a%&%?l %9? ?‘Sr}ig {tlogjrgeretl)a(riﬁg Bl\(ggllr& reélﬁ%lggr ation
of the served likfels.sTlelpadeticonlé gbﬂara’a@,s packas baseéammedebcted sirdh8, Cctnhe
packetizer 116 andmt ra]ewg hasrt]rgz?nll typ1c§1{ A 1f1' mogtf 011'2I Had® frame is conveyed in one

packet, whereas concerning an audio stream, typically, a packet may comprise

~more than one audio frames. The channel encoder 117 performs channel encoding

for the packets to produce the actual transmission data.

15
Figure 5 shows another illustration of the server 111. The server 111 comprises a
processing unit 151, a first memory 153, a network interface 155, and a second
memory 152. The first memory 153, the network iuterface 155, and the second
- memory 152 are coupled to the processing unit 151.-
20

The processing unit 151 controls, in accordance with computer software 154
stored in the first memory 153, the operation of the server 111, such as controlling
the stream selector 118, the packetizer 116 and the channel coder 117 of Figure 4.
It controls processing of error resilience adaptation requests received from the
25 client 101 and the sending of appropriate video and/or audib streams, stored in the

second memory {disk) 152, to the client 101 via the network interface 350.

The software 154 comprises program code for implementing a protocal stack
comprising necessary protocol layers such as, e.g., an RTP layer, an RTSP layer,
30 an SDP layer, a TCP or UDP layer, an IP layer. Lower protocol layers may be

implemented in a combination of hardware and software.



It controls processing of error resilience adaptation requests received
fromthe 25 client 101 and the sendi ng of appropriate video and/or audio
streans, stored in the second nmenory (disk) 152, to the client 101 via the
network interface 350. The software 154 conprises program code for

i npl enenting a protocol stack conprising necessary protocol |ayers such
as, e.g., an RTP layer, an RTSP | ayer, 3Q,an SDP |ayer, a TCP or UDP

| ayer, an I P layer. Lower protocol |ayers“fay be inplenented in a

conbi nati on of hardware and software. ik Figure 6 illustrates a stream ng
client device 101 according to an enbodi ment of the invention. The client
101 conprises a channel decoder block 107, a de- packetizer block 106, a
nedi a decoder blﬁck %ﬁﬁ %? a user. interface 109. The 5 channel decoder 107
perfornms channel * §&€o 'H%‘ P SEREUPE SR def it M ssredipg ip angrbedimettefs. The
de- packeti zer 10feUnwadls THaecHeRC 20V eompaek ol Srnh YlebRBH bidRA07SL T@aM i s
decoded in the decpder ég&bPefore shown to the user via the user inter-
face 109. 10 Fi gRAFEcHer Uon & torfadia siqopdes blogk 185 2pd @ tiper ipterfaget 1@e¥hee 101.

In this enbod meghannel UbRded | @Nberfis icBarelBRbARy $812dH0 f}chPfed aa{)aﬁﬁhi’s#&@r radi o
t el ephone network. However, the client may, a %ernatlve y, be a fixed
termnal . The cld%Rackes Thsdprreetze 190 sreasks Wy remived packeisaTheaddting equency
part 175, and F r iégﬁ i 175 and
t he user interfﬁégﬁﬁggﬂiggdtggﬁﬁ%ggﬁgo tEgﬁgg%%@g%ﬁ%%&%ﬂgﬁnﬁ%ng & user
interface 109 typieddP1y conprises a display, a speaker and a keyboard (not
shown) with the aid of which a user can wuse the client device 101. 2Q The
processing unit 171 conprises a processor (not shown), a nenory 173 and
conput er sof fwafegus 2 skawsraadtheniliustetioe b thy ck#B dedibe 1¢l. G ddsanbaibméntol s, in
ac- cordance w : f. . operati.on af the client device 101,
such as receiv- tﬂ{&n%lle@t 1?)2 é%g\%)&rlr%%%}gmfogg ngle}ihﬁg ! 'glf’ GQ?P%?&%%W&*S@HHFWQ
requests to the theefiommay]dternatively, be a fixed terminal.

The client 101 comprises a processing unit 171, a radio frequency part 175; and
15 the user interface 109. The radio frequency parf 175 and the user interface 109 are:
coupled to the processing unit 171. The user interface 109 typically comprises a
display, a speaker and a keyboard (not shown) with the aid of which a user can

use the client device 101.

20 The processing unit 171 comprises a processor (not shown), 2 memory 173 and
computer software 174 stored in the memory 173. The processor controls, in ac-
cordance with the software, the operation of the client device 101, such as receiv-
ing streaming media from the server 111 and sending requests to the server 111
via the radio frequency part 175, presentation of the received streaming media on

25  the user interface 109. The processing mnit 151 also controls, in accordance with
the software 154, the operation of the channel decoder 107, de-packetizer 106 and
the media decoder 103 of Figure 6.

The software 174 comprises program code for implementing a protocol stack

30 comprising necessary protocol layets such as, e.g., an RTP layer, an RTSP layer,



via the radio frequency part 175, presentation of the received stream ng
media on 25 the user interface 109. The processing unit 151 also controls,
in accordance with the software 154, the operation of the channel decoder
107, de-packetizer 106 and the nedia decoder 103 of Figure 6. The software
174 conprises program code for inplenenting a protocol stack 30 conprising
necessary protocol |ayers such as, e.g., 4an RTP | ayer, an RTSP | ayer, 23

an SDP layer, a TCP or UDP |ayer, an | P I“dyer. Lower protocol |ayers may be
i npl emented in a conbination of hardware and software. The RTCP reports
which the client 101 sends to the server via the radio frequency 5 part
175 are al so gen@rsgireydya e gafbradyer,kagedayen liowfep protdcbDlayers nggtie from
the protocol stack, e.g., via an applicatio ogramm ng i nterface (AP,
not shown). Enﬁ%ﬂkﬁ%ﬁ?ﬁmﬁﬁmFﬁgmﬁﬁ%e d“WﬁV@HF&%ﬁgﬁrovide nmeans for error
resilience adapta- tion in a streamng service. Wth the error resilience
adapt ati on as proposed in 10 enbodi nents of the invention, the stream ng

servi ce can adapteRICERwovtambichithachiont 104 sends ixthe pand rahs BHEFIYFYat e due

to network an_d"glén‘t 95 D3RG SEnerENEP e 8bBrark bYEH Yn REbISHiohdMelsiYon0he ST Vi CE
and user experience can be expected. The defini- tion of error resilience

| evel s enabl es @fofdce] ssask, &si-griary prplisttioapragranraigp [ntefey (ARpaat sSByWt  es for a
stream ng session control purpose. 15 Enbodi nents of the invention nay be
used to live-feed stream ng, wherein a live video and/or |ive audio signa
i s encoded in r Ewmbodiigets af thehpeessntrigwmiiog prowide excasmr eirer regihience @davke cl i ent
device. They arg als pl:i 2 140 t L1 _ i:§sion. In
t hese cases, erﬁg% r%§|%ﬁ%%§§§g'%6@5 F%%&ﬁgg%%%“%%g$§%§§%aﬁhﬁﬁﬁ§ﬂ?§o basi s
of reports, 18uckmbstiREGPofthp ovtstjony theaireeadng scovivorme adaptrim the ahiptamtin .
Particular inplenentations .and_enmbodi.nents .of .t he .inventi ( e_heen de-
coribed. 1t 15 BEaK s RRER SpR R TER et Y R R e O
not restricted tively better Quality of Service and user experience can be expected. The defini-

tion of error resilience levels enables efficient signaling of error resiliency capa-
bilities for a streaming session control purpose.

15 .
Embodirnents of the invention may be used to live-feed streaming, wherein a live
video and/or live audio signal is encoded in real-time at the streaming server and
is sent to the client device. They are also applicable to a streaming broadcast
transmission. In these cases, error resilience adaptation may be performed on the

20  basis of reports, such as RTCP reports, received from one or more clients.

Particular implementations and embodiments of the invention have been de-
scribed. It is clear to a person skilled in the art that the invention is not restricted
to details of the embodiments presented above, but that it can be implemented in
25  other embodiments using equivalent means without deviating from the character-
istics of the invention. The scope of the invention is only restricted by the attached

patent clairs.



to details of the enbodi nents presented above, but that it can be

i npl emented in 25 ot her enbodi nents using equival ent nmeans w t hout
deviating fromthe character- istics of the invention. The scope of the
invention is only restricted by the attached patent clainms. 24 CLAIMS 1.
A nmethod for streamng nedia froma stream ng server to a stream ng client
via a transm ssion channel, wherein the ﬁat hod conprises: 5 reducing

ef fects caused by transm ssion channel efftor variation by apply- ing error
resilience adaptation to the stream ng nedia, where the error resil- ience
adaptation is performed by switching the stream ng server fromsending a
first streamtoClseii:ng a second stream the first stream bei ng generated
by a nedia encoder or transcoder so that the first streamhas a first
error resilience 10 I evel, and the second stream being generated by the
medi a encoder or atHARCO : . Se d error
resilience level, the segg%%a%grrlér glr@&?teﬂsaﬁ ?gﬁ&%@‘?ﬁ%@{%@g}l ??%eralﬁ]ﬁ% Egl(ralg%m t he
first one. 2. Theifreihgsanisstonahainel, Whewsbrethempthedicanmiseor resilience

adapt ati on npri ses . pre-defined.error resilience
| evel s to cggt rol stl}eglg%%%éeﬁgz:ﬁgﬁﬁp ?éﬁhlgsﬁlﬁn%{sqnc?ﬁ%%fﬁﬁqémﬁagltoﬁ§¥I a%ﬁfy'cl aim 2,
wherei n sai d errdng ewsi tepiinme ddaptetion tartee stehini@omédia, acheracihe dancesit t h
target ed hi ghest . r.al e.or cket .l o rate. 20 4. The t hod of
claim1, wherein tr %%g%ﬁg%z)fléﬁﬁ%rﬁogﬁlﬁ&e)ﬁy %vﬁc(}}}ngjéer TRETEE SF’%’eﬁ%thg‘?nge@ﬁ as a
change in data | od@strsatan or sqpdinketsedons straagd, ehedtparb@Nbahk gdnetakta belai ent
side. 25 5. The et haOéZI o%] cl g_i m 1 Wnﬁlrei n.the method conprises: sending,
upon noticing a CREHGECPHT OF HRSHPLE P Fali e Freeshins & (6 cupf frjlience

10 level, and the second stream being generated by the media encoder or

trapscoder so that the second stream has a second error resilience level, the
second error resilience level differing from the first one.
2. 'I_‘he method of claim 1, wherein said error resilience adaptation comprises the
15 use of a set of pre-defined error resilience levels to control streaming media

transmission.

3. The method of claim 2, wherein said error resilience levels are defined in ac-
‘ cordance with targeted highest data loss rate or packet loss rate.
20
4. The method of claim 1, wherein transmission channel error variation is no-
ticed as a change in data loss rate or packet loss rate experienced at the client

side.

25 3. The method of claim 1, wherein the method comprises:
sending, upon noticing a change in transmission channel condition, from
the streaming client to the streaming server a request for error resilience adap-
tation;
receiving the request at the streaming server;
30 adapting, by the streamning server, the error resilience level of the stream-

ing media in accordance with the request.



the streaming client to the stream ng server a request for error resilience
adap- tation; receiving the request at the stream ng server; 30 adapting,
by the stream ng server, the error resilience level of the stream ing
media in accordance with the request. 25 6. The nethod of claimb5, wherein
said request is one of the follow ng: a request for a specific error
resilience level, an error resilience |level increase request, an error
resilience |level decrease request. 5 7. %he nethod of claim 1, wherein the
stream ng server receives fromthe client reports, such as RTCP reports
(RTP Control Protocol (Real-Tinme Streaming Protocol)), indicative of
transm ssi on channel errors, and wherein the server decides on error
resilience adaptati on based on one or nore of said reports. 10 8. The
net hod of cl ai nP-1 Theunethed af dpino?, whesdin sadweeueaiiapract tba fallswiner § ognest dur -
i ng an ongoi ng st ] ' - ' bet.ween .t he. streani ng client
and the Stream ng aapan 63! GRuGRERE) B S R PR NN, Tt 2
stream at the streagiugessenvelevilsieasase sguésat ed with an error resilience -
value indicating an error resilience level. 10. The nethod of claim?9,
wherein said error resilience value is stored in a file format in which
sai d medi a str eanThemshod eficlaid)], Idhercih erervatditity efrvairadeied fromftke gicat sai d
first streamand said secon (r: eam ar Eefo hand n ateg streams. 12.
The method of cl al*H" > SWHef .“ﬁ ef‘?rp(?FtSF@;R PIBWE f%ﬁ%ﬂ;?ﬁ?ﬁi HI$ sUSE RS med by
a 25 transcodi ngProRichipy inkidiatite 60 HFMshbRHn lchaMsSICaetir)tnd WiREHiR H8leLaM havi ng
a decides on error resilience adaptation based on one or more of said reports.
10
8. The method of claim 1, wherein error resilience adaptation is performed dur-
ing an ongoing streaming session established between the streaming client and

the streaming server.

15 9. The method of claim 1, wherein a media stream at the streaming server is as-

sociated with an error resilience value indicating an error resilience level.

10. The method of claim 9, wherein said error resilience value is stored in a file

format in which said mcdia stream is stored.

20
11. The method of claim 1, wherein said first stream and said second stream are
beforehand generated streams.
12, The method of claim 1, wherein error resilience adaptation is performed by a
25 transcoding method which comprises transcoding a media stream having a

first level of error resilience to form a media stream having a level of error re-

silience differing from said first level.

13. The method of claim 1, wherein error resilience information is transferred

30 between the streaming server and the streaming client.



first level of error resilience to forma nedia stream having a | evel of
error re- silience differing fromsaid first level. 13. The nethod of claim
1, wherein error resilience information is transferred 30 between the
stream ng server and the streamng client. 26 14. The nmethod of claim 13,
wherein, in a stream ng session setup, information on avail able different
error resilience level alternatives is comunicated to the client. 5 15.
The nmethod of claim 1, wherein the trans@bssion channel is at |east
partially inplenented via a nobile conmunications network. 16. The mnet hod
of claim 15, wherein the stream ng server has an | P connection (Internet

Protocol) to ani4Bub i.ch ts confiqgured to be coupled 10 with
the mobile connunica??gﬁgqﬁg%aggaxﬂ%%QL%h%§%%Pﬁ%36%FméF%Pﬁ?@?n%ﬁ%P%in sai d
nedi a to be streafidlablsriiffersat error|redisnce one afmatiessfiolchomhMigitedioVihel €0
content, an audio ggptent, a still inmage, graphics, text and speech. 15
18. A client device conprising: receiving neans for receiving stream ng

media sent froma streamng server to the client device via a transn ssion
ransm.ssi on channel errors; and 20

channel ; detect] for, det.ectin |

sendi ng nean§ f%?qggﬁgﬁﬁgcgﬁthHoP%?ggfﬁiEﬂﬁﬁmﬁﬁaﬁ?§¥¥bﬁaF@ﬁﬁ@@ﬁﬂhb t he
stream ng server urEirhémgl €nnaobilesinuhenzgoddapiaki on to be perforned by
switching the stream ng server fromsending a first streamto sending a
second stream the first stream being generated by a nedi a encoder or

transcoder so Ih@te mbtbod iof sl ti5 eaRBrdRTeabidol s@ﬁzéxoﬁasraﬁ%blcfiaﬁd%&?onl evel,
roor

and the second sthlanuﬁg ZSWEQEI?enerated bK t hé medi a enco
transcoder so t hat™HE FoPO5nd 'S #5 E5based network which is configured to be coupled
10 with the mobile communications network,

17, The method of claim 1, wherein said media to be streamed comprise at least
one of the following: a video content, an audio content, a still image, graphics,
text and speech.

15
18. A client device comprising:
receiving means for receiving streaming media sent from a streaming
server to the client device via a trénsmission channel;
detection means for detecting transmission channel errors; and
20 sending means for sending an error resilience adaptation request to the
streaming server enabling error resilience adaptation to be performed by
switching the streaming server from sending a first stream to sending a second
stream, the first stream being generated by a media encoder or transcoder so
that the first stream has a first error resilience level, and the second stream be-
25 ing generated by the media encoder or transcoder so that the second stream
has a second error resilience level, the second error resilience level differing

from the first one.

19. The client device of claim 18, wherein the client device is a mobile station of a

30 cellular network.



has a second error resilience level, the second error resilience |evel
differing fromthe first one. 19. The client device of claim 18, wherein
the client device is a nobile station gf a 30 cellular network. 27 20.
The client device of claim 18, wherein the detection neans are adapted to
notice transm ssion channel error variation as a change in data |loss rate

or packet .'z?s SThd &bt @éﬂ@é {;\ﬁa&lﬁfjlsﬂt ?Qlllé &&%cﬁh%eané afelada iﬂ%g 16 nbBad

devi ce of aim18 or ereln’th ient device is adapted to send
upon noti ci ng zamsinassgm a:hannaia:nsmvslsatmm sshacimake coddatlpsmate or pehketslbs&eam ng

server a requeft for. error SI I |]§nce adaptation. 22. The client device of
claim 21, wher@ XQS?WCFQJ&UQ%?“T“% fre of the following: a 10 request for a

specific error resilience level, an error resilience |evel increase
request, an error resilience |evel decrease request. 23. The client device

of claim 18l. wheerdient dewice efcdbainy Hyomatarvdhezain thedelisnidevies isadentedto sandor
resilience inf rg@%ok18%§fagq%%n£e%ﬁﬁtt£§sxﬁ}s£18ﬁ@M]%efc?on‘éﬁ{on &2 dth@‘étre Sg %ér'v&m

devi ce of cl ai ereceivin feécei ve,

in a stream N kGeS Qi etk tRilichddf Mkp@tion on avail abl e d| fferent error
resilience level alternatives. 20 25. A stream ng server conprising:
sendi ng neans for sending streamng nedia to a streamng client via a

transni ssign Cﬂ?e“élf‘éga a8nde %fgi%ﬁrﬁtzlo@v %aldCI%gRJs't $d Bk 8f aﬁ@gwd&er or

transcoder, for cing effects ¢aused by transmission c ror
vari atiton by apqlegt figr erspevific 2fror esdiliénendevaldapteator avsitiencehlevdt inemaseng
nmedi a, the ada tatjon nmeans,.bei g%@?ga ted to enerate a first stream having

a first error TPHES) AR AR Feailignce %Sﬁﬁl@ ream

23. The client device of claim 18, wherein the receiving means are adapted to receive
error resilience information sent by the streaming server.
15
24. The client device of claim 18, wherein, the receiving means are adapted to receive,
in a streaming session setup, information on available different error resilience

level alternatives.

20 25. A streaming server comprising:
sending means for sending streaming media to a streaming client via a
transmission channel; and
adaptation means, comprising a media encoder or transcoder, for
reducing effects caused by transmission channel error variation by applying etror
25 resilience adaptation to the streaming media, the adaptation means being adapted
to generate a first stream having a first error resilience level and a second stream
having a second error resilience level, the second error resilience level differing
from the first one, the streaming server comprising:
switching means for switching the streaming server from sending the
30 first stream to sending the second stream to carry out the error resilience

adaptation.

26. The streaming server of claim 25, wherein said error resilience levels are defined

in accordance with targeted highest data loss rate or packet loss rate.



having a second error resilience |evel, the second error resilience |evel
differing fromthe first one, the stream ng server conprising: swtching
means for switching the stream ng servelg fromsending the 30 first stream
to sending the second streamto carry out the error resilience adaptation.
26. The stream ng server of claim25, wherein said error resilience |levels

are definegd;7 iThaceQAaRCRM tdF él@an%S?qxélltférEilﬁeﬁﬁe dabil088vERLEmpfisRacket

loss rate. 28 27. The stream ng server claim 25, wherein the stream ng
server conpri séecivingaedans adenieshiosreaeisipiion ths steamingeclfenbareduestsor eamni ng

client a request:.for L resihience adaptation, and wherein th

adapt ati on ?rea%gsmél%g a?‘?@%ﬁ%‘h&“? b hﬁ%férbﬁ'etag%ﬁta@?r} BIFansET piranged 1 5\(}@% BE the
streami ng_nedi @ fesilimos RO thé Stheatriy feESS hocobdadBe whlehsicgaai ng ser ver
of claim25 or 27, wherein the stream ng server is adapted to receive from
the cli%nt reports, such as RTCP, Real-Tine Streaning Protocol Contro
Protocol , spdigatd f 1SS . i

cerver 15 ap o e phEPSIHER SFof MR R IR UL RN o o
more of 10 sakctiveefont the dint Tdperist nehmanB TEP; \Renl-Oima Sytemnidgebiongort| ai m

25-28, wherein.,the reamng,server_. is adapted to performerror resilience
adapt ation dur '91’&05?%9‘?@%} ARIERE . frgnsmaissien cfg‘a’é%fil SBINS Y BReRALS he
stream ng cli egiveARthdhfiBd 83 H&HE APe3Gl é&liencthddPatid{Fased bR ML ggnﬁ)% yer of
any precedi ng claim 25-29, wherein said first streamand sald second

st reanlar e befseidghports. gener at ed streans. 31. The stream ng server of any
precedi ng claim25-29, wherein the streanmng server 20 is adapted to
performerror resilience adaptation by a transcodi ng net hod which

conpri ses 19 angeGHedding seRet af &y Srasediayéiaen 25DRr SherbRMBE s@fanghp Qrver

resilience to, . . . ) ]
is adapted to perform error resilience adaptation during an ongoing streaming

session established between the streaming client and the streaming server.

15
30. The streaming server of any preceding claim 25-29, wherein said f{irst stream and
said second stream are beforehand generated streams.
31. The streaming server of any preceding claim 25-29, wherein the streaming server
20 is adapted to perform error resilience adaptation by a transcoding method which

comprises transcoding a media stream having a first level of error resilience to
form a media stream having a level of error resilience differing from said first

level,

25  32. The streaming server of any preceding claim 25-31, wherein the streaming server

is adapted to send error resilience information to the streaming client.

33. The streaming server of any preceding claim 25-32, wherein the streaming server
is adapted to send, in a streaming session setup, information on available different

30 error resilience level alternatives to the client.



forma nedia stream having a | evel of error resilience differing fromsaid
first level. 25 32. The stream ng server of any preceding claim 25-31,
wherein the stream ng server s adapteghto send error resilience
information to the streamng client. 33. The stream ng server of any
precedi ng claim25-32, wherein the stream ng server is adapted to send, in
a stream ng4seasiysrenseinyisiigd ettcmiingBer0er, avtaink@afkion dhhirel afd a s8eanging Or
resilience level, alternatives to the client. 29 34. A systemconprising a
stream ng ser vEiChLRerIA s SYSIeBHCUpREiA®] and a streanming client, wherein

the system Corrp_riSESﬁaﬁgﬁ%%%ﬁg@%%nihmgs%% 'rhédiggrg R NgLpedi a

fromthe streamng server tot ng —client “vi ransm ssron
channel ; and 5seadape dieistmampgrdienicdativ tenamissiomelarmetandder or transcoder,

for regducing effects ciagsed by transm.ssion channel error varcitoatiop by -
appl yi ng error resi PRANAHON, FIEARS: : FURPHTNG e "G0H% SRPORFT nelitERNSqoqgr, for

adapt ati on neafgudifi Bffedts anlsed by HAnSBRELALRarRel dtcilvasinhieRA By *agwﬁxg efrof 1 'St
error resilience level and a second stream having a second o}

resilience | evigsilicnigcadgplotipnl tethesireamiig) hediz.gh¢ adapitatinfthearisgingl@laptedm t he

first , the.s rising: sw tehing neans,.for switching the
S![ ;Zam'ogg servtt(a)réé ? %%% Jsiéi%sg?rﬁéanfﬁzg{ﬂn ?lrﬁst}g <t 5%{9@11‘:1“89?&'&@?%&15%8“@%&%
stream to car riaving a s&@ne khof réstifdnké &RRE thasaph@biroNreslinddlevll &ORAKE €T

program product executable in a client device, the conputer program
pr oduct® conpr i EPHRdhe Bisbefcahesysleny lyrthersomnsisinghg recepti on of streani ng

nedia sent froma s Cy (. ld . deyi | I m ssi on
channel ; program codge‘% orI é;g;[eg%{ ?fﬁgs&l?cgﬁl@hgs%n%%hg%a#{g% feﬂrn?&os%ggmgrr}_ © 20
program code ffinst ctredm ool sengirpetidi seronfl dreary t®rcafreSout €rRC errad agilaincOn

adaptation.

15 35. A computer program product executable in a client device, the computer program
product comprising:
program code for controlling reception of streaming media sent from a
streaming server to the client device via a transmission channel;
program code for detecting transmission channel errors; and
20 program code for controlling sending of an error resilience adaptation
request to the streaming server enabling error resilience adaptation to be
performed by switching the streaming server from sending a first stream to
sending a second stream, the first stream being generated by a media encoder or
transcoder so that the first stream has a first error resilience level, and the second
25 stream being generated by the media encoder or transcoder so that the second
stream has a second error resilience level, the second error resilience level

differing from the first one.

36. A computer program product executable in a streaming server, the computer
30 program product comprising:
program code for controlling sending of streaming media to a streaming
client via a transmission channel; and
program code for controlling error resilience adaptation applied to the

streaming media, where the error resilience adaptation is performed by switching



request to the stream ng server enabling error resilience adaptation to be
performed by switching the stream ng server fromsending a first streamto
sending a second stream the first stregm being generated by a nedia
encoder or transcoder so that the first streamhas a first error
resilience level, and the second 25 stream being generated by the nedi a

encoder or tr aftecodenimoseriatirdnl ersiegomn tirst Stre@am @a&di? s86cnd saeaa/ the
resilience | ev t he %gcond errég resilience |evel iffering fromthe
t

l, .
first one. 36.%ﬁtégﬁﬂﬁ MEHEHGFUGA BY Gduedia sreedrr 451 ansepdsr se s fhadirder ver
the computer = fahl RA'ARSPEOGUELIEATIEICE! 1 P LROHA W GHT BB e i@ba B! | N9
sending of streamng media to a streamng client via a tra SR sston
channel ; and pthegnedin codedd: o tcomtadet ko ngptethe cecardssttdamnh® adeqhdt drom
applied_to the_ streanm ng,nmedi a,, where the erroy_ resilience. adaptation is
per f or mdd by’ s{}ﬁsﬁlgﬂ‘feﬁﬁvgt)thetsﬂc?ngtep%ms‘rll‘ﬁn%eelf’\v/@ g ‘é‘HE‘i‘%@rSEO % rst stream
to sending a second stream the first stream being generated by a nedia
encoder or transcoder so that the first streamhas a first error
resilience level, and the second stream being generated by the nedia
encoder or transcoder so that the second stream has a second error 5
resilience level, the second error resilience level differing fromthe
first one.



