- 0 AUG 2005 Met hod and system for buffering of streaned nedia. Field of the
I nvention The present invention relates generally to ttﬁ}éis&%jﬁaaﬂﬂ&g of nedia
over packet- based networks. More specifically, the invention relates a
buffering mechanism for inproving playback of the streaned nedia from
packet delay variation due to enc_ogi_ng and packetisation. 10 ‘Background of
the I nvention In conversational packet-sw tched nmultinedia systens, e.g.,

in | P-based video conferencing systens, different types of nedia are
normal ly carried in separate packets. Moreover, packets are typically
carried on top of a best-effort network 15 protocol that cannot guarantee a
const ant t r af&FCEsTEnsygbem For hufferingef athesnedardig.nay vary from packet to
packet, Consequently, packets having the same presentation (playback)

ti me- st dripldmdghanimwventiorr ecei ved at the sane tine, and the reception

I nterval of two packets may not be the sanme as their presentation interval
(internms of tinme). Thus, in order to maintain playback synchroni zation 20

bet wesen ‘The prisent inpaflion réMRRSgdHMally %o TRé Biréarmink M nt&yi4 86dr ﬁ]&é-aCk rate, a
multinmedia termnal typically bufférs recel vecr;lI data tfor a ‘short period

(e.g. | gsedimnehuonts Mo spestiealy, the ivertion relatesa biffering metlanisrar i at i on.
Herei n, ghi ; ' Lay jitter buffer. |
conver sac bpro¥iRg dyballobt fife sifeenfiinlly foh P BB ARG L8 ¢ ake place

bef or e dndntoding afitiackalisatiordat a 25 decoding. Delay jitter buffering is

al so applied in stream ng systens. Due to the fact that streamng is a
non- conversational application, the delay jitter buffer required nay be

consjderBddkgrdumtag thed Ihgentigh conversational applications. Wen a 30
stream ng player has established a connection to a server and requested a
mul ti media streamto be downl oaded, the server begins to transmt the

desired P& nitsaldml packet-switched multimedia systems, e.g., in IP-based video
conferencing systems, different types of media are normally carried in separate
packets. Moreover, packets are typically cartried on top of a best-effort network

15 protocol that cannot guarantee a constant transmission delay, but rather the
delay may vary from packet to packet. Consequently, packets having the same
presentation (playback) time-stamp may not be received at the same time, and

the reception interval of two packets may not be the same as their presentation
interval (in terms of time). Thus, in order to maintain playback synchronization

20  between different media types and to maintain the correct playback rate, a
multimedia terminal typically buffers received data for a short period (e.g. less

than half a second) in order to smooth out delay variation. Hersin, this type of
buffer is referred to as a delay jitter buffer. In conversational packet-switched

multimedia systems buffering can take place before and / or after media data
25  decoding. '

Delay jitter buffering is also applied in streaming systems. Due to the fact that
streaming is a non-conversational application, the delay jitter buffer required
may be considerably larger than in conversational applications, When a
30 streaming player has established a connection to a server and requested a
multimedia stream to be downloaded, the server begins to transmit the desired




stream The player typically does not start playing the stream back

| medi ately, but rather it buffers the incom ng data f & @Jégﬂhﬁl n period,
typically a few seconds. Herein, this type of bufferir(gbi red to as
initial buffering. Initial buffering provides the ability to snmooth out
transm ssion delay variations in a manner simlar to that provided by
delay jitter buffering in conversaifdénal applications. In addition, it may
enabl e the use of link, transport, and/or application |ayer
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25 conferencing system Considering the exanple of video data in nore
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t wo s of .fr . he pringipal frame types are |INTRA or |-franmes and
| NTE%%?”@%’&%@E‘%”% hg ,ﬁgﬁ&rfﬁ)gﬁg{.i lg other W%Fr)ds, media packets can be

temporarily fransmitted faster or slower than their playback rate, as long as the
receiver buffer does not overflow or underflow. The fluctuation in the data rate
may originate from two sources. The first source of fluctuation is dus to the fact
that the compression efficiency achievable in some media types, such as video,
20 depends on the contents of the source data. Consequently, if a stable quality is
desired, the bit-rate of the resulting compressed bit-stream varies. Typically, a
stable audio-visual quality is subjectively more pleasing than a varying quality.
Thus, initial buffering enables a more pleasing audio-visual quality to be

achieved compared with a system without initial buffering, such as a video
25  conferencing system.

Considering the example of video data in more detail, different frames of a
video sequence may be represented by very different amounts of data. This
results from the use of predictive encoding techniques. Typically, video
30 encoding standards define at least two types of frame. The principal frame
types are INTRA or I-frames and INTER or P-frames. An INTRA frame is
encoded on the basis of information contained within the image itseff, while a P-




encoded on the basis of information contained within t |Am,g§ h sel f,
while a P 08 AUG 2005 -3 frame is encoded with referen t Weast one
other frame, usually a frame occurring earlier in the video sequence. Due
to the significant tenporal redundancy between successive franes of a
digital video sequence, it is possible to encode an INTER frame. with a
significantly smaller anount of datd-5 than that required to represent an
| NTRA frame. Thus, |INTRA franes are used conparatively infrequently in an
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dependi nghneecitiedeames bidrigest demiigitigdt ediBieAeoding does not provide
15  effective data reduction. Thus, a typical encoded video stream generally starts
with an INTRA coded frame and comprises a sequence of INTER frames
interspersed with occasional INTRA frames, the amount of data required to
represent an INTRA frame being several (e.g. 5 - 10) times greater than that
required to represent an INTER coded frame. The amount of data required to
20 represent each INTER frame also varies according to the levetl of similarity /
difference with its reference frame and the amount of detail in the image.

This means that the information required to reconstruct a predictively encoded
video sequence is not equally distributed amongst the transmitted data packets.
25 In other words, a larger number of data packets is required to carry the data
related to an INTRA frame than is required to carry the data for an INTER
frame. Furthermors, as the amount of data required to represent consecutive
INTER frames also varies depending on image content, the number of data
packets required to carry INTER frame data also varies.
30
A second source of fluctuation occurs when packet losses in fixed IP networks
oceur in bursts, In order to avoid bursty errors and high peak bit- and packet-




packets required to carry INTER frame data al so varies. 30 A second source
of fluctuation occurs when packet |osses in fixed IP nBQM@U@sgchcur in
bursts. In order to avoid bursty errors and high peak bit- and packet 08
AUG 2005 -4 rates, well-designed stream ng servers schedul e the

transm ssion of packets carefully %nd packets may not be sent precisely at
the rate they are played back at iTié receiving end. Typically, network
servers are inplenmented in such a way that they try to achi eve a constant
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consecutackeofiedgemenimessdgiesens BALEP (earswdssior corftl prodawelyi ssi on del ay
throygh the network is constant. It should be noted that the termclient

termal refers to 20 any end-user el ectronic device such as handhel d
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conputers and set top boxes. variation in ay, I ch arises due to
encodi nghe giexewsly sleseiibashWidpa clnepding reyatem, ssataenly ris the ifermationcan be

termed aRquRF 8! fonGuct S&" MEHCHRS ' dicbded video sequence unequally
: distributed between the transmitted data packets, but the data packets
15 themselves may also be transmitted from the server at a varying rate. This
means that a decoder in, for example, a receiving client terminal experiences a
variable delay in receiving the information that it requires to construct
consecutive frames in a video sequence even if the transmission delay through
the network is constant. It should be noted that the term client terminal refers to
20 any end-user electronic device such as handheld devices (PDAs), wireless
terminals, as well as deskiop and laptop computers and set top boxes. This
variation in delay, which arises due to encoding, packetisation and packet
transmission from a setver can be termed an "encoding" or "server-specific”
variation delay. It is independent of, or in addition to, delay jitter that arises due
25  to variations in transmission time within the network.

Hence, initial buffering enables the accommodation of fluctuations in
transmitted data rate from the aforementioned disadvantages i.e. encoding or
server-specific delay variation and network transmission related delay variation.

30 Initial buffering helps to provide a more stable audio-visual quality and to avoid
network congestion and packet losses.




variation delay. It is independent of, or in addition tg | tter t hat
arises due 25 to variations in transm ssion tine vmthlﬂrﬁtpr@ %ﬂ
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Summary of the Invention
15
According to a first aspect of the invention there is a method of streaming
media data by transmitting a plurality of data packets over a network from a
source server to a client device wherein the client device includes a decoder for
decoding encoded packets. The method is characterised in that the client
20 device further includes a pre-decoder buffer having a variable initial buffering
time and a variable buffer size established for receiving the transmitted data
from the source server prior to decoding in the decoder, and wherein the
variable initial buffering time and variable buffer size of the pre-decoder buffer

are dynamically adapted for improved playback performance by the client
25  device.

According 1o a second aspect of the invention there is provided a system for
streaming media data by transmitting a plurality of data packets, the system
including a source server hosting the media data, a network serving as a
30 transmission medium for the data packets; and a client device capable of
playing back the media data, wherein the client device inciudes a pre-decoder

buffer for receiving the transmitted packets from the source server via the



variable initial buffering tinme and variable buffer size of the pre-decoder
buffer are dynamcally adapted for inproved playbackj aegﬂgr jce by the
client 25 device. According to a second aspect of the inveniton there is
provi ded a systemfor stream ng nedia data by transmitting a plurality of
data packets; the system including a source server hosting the nedia data,
a network serving as a 30 transniss®on nedium for the data packets; and a
client device capable of playing back the nedia data, wherein the client
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i nvert i deriorsarce ky heolieatedpvicee] i ent device for receiving a plurality of
data packets transmtted over a network froma source server, the client

device including a pre-decoder buffer for receiving the 10 transmtted data
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conj uncta deceddrhfor tecadingnthangdta padketel fngs the prideboder buffer, and
means for dynamically adapting the variable initial buffering time and the
variable buffer size of the pre-decoder buffer for improved playback
15 performance by the client device.

Brief Description of the Drawings
The invention, together with further objectives and advantages thereof, may
20 best be understood by reference to the following description taken in

conjunction with the accompanying drawings in which:

Figure 1 shows a simplified block diagram of a pre-decoder buffer block in the
device terminal architecture, in accordance with an embodiment of the
25  invention; and

Figure 2 shows an example of a data flow in a typical streaming system
illustrating the effect of pre-decoder buffering.

30 Detailed Description of the Invention

Architectural Overview




Figure 1 shows a sinplified block diagramof a pre-d er block in
thg device term nalrrparchi tecture, in accordance W t?gﬁkﬂéﬁm@% ment of the
25 invention; and Figure 2 shows an exanple of a data flowin a typical
stream ng system illustrating the effect of pre-decoder buffering. 30
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According to the invention, a new buffering block is provided in the
terminal architecture in order to provide inproved receiver-side
buffering. This buffering block is herein referred to as a pre-decoder
buffer. 5 Figure 1 shows a sinplified block diagramof a pre-decoder buffer
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format that can be played back. The "Pre-decoder buffer” 110 operates as a
tenpdrary storage between transport decodi ng and source decoding. In the

case of Rigurelt shoveda airiified bidokehaRraR G d Eiéﬂﬂed&éﬁbﬁi@rbléﬁﬁnttwe of data, a
common pre:decoder buffer is advantageously shared between a real -tine
medi a t V¥ Ee: [RIMiInA catchipaIMe; t iBd acaosdarnge wdin, ann ea‘lbtodtrmfagl ok ’tbﬁboﬂl megfts of
t he i nveRd %;O?t z ' oV r,.each nedi a
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cont r ol bakkaTMWPreMisioder ST 910 bpbialed S5tk 16APbIaR) StofdlR b&REEAL I on of the
client device, of which Figure 1 shows a part. The MCU
transport decoding and source decoding. In the case of a multi-media data
stream comprising more than one type of data, a common pre-decoder buffer is
advantageously shared between all real-time media types that are transmitted.
15 However, in alternative embodiments of the inv_ention, a separate pre-decoder
buffer is provided for each media type, the pre-decoder buffer for each media
type being located between the transport decoder and the respective source
decoder for the media type in question. The decoding operations are preferably
implemented as software stored in the memory of the client device and run by
20 and under the control of a MCU (Master Control Unit) that controls the
operation of the client device, of which Figure 1 shows a part. The MCU
receives control signals from a source server and controls the adaptation of the
initial buffering time and the buffer size according to the received signals from
the source server. The control of the different blocks by the MCU is illustrated in
25  Figure 1 by the control arrows from the MCU to each block.

In a preferred embodiment of the invention, the pre-decoder buffer is provided
in addition to a post-decoder buffer located after a decoder in a streaming
client. Advantageously, the post-decoder buffer is provided in order to absorb
30 network fransmission delay variations. Additionally, the post-decoder buffer can
also absorb decoding-related delay variations. This is particularly advantageous
in the case where more than one type of media data is streamed




recei ves control signals froma source server and CO@F@QS Uﬂs adapt ati on
of the initial buffering tinme and the buffer size a¢cto ng to the
received signals from the source server. The control of the different

bl ocks by the MCU is illustrated i-n 25 Figure 1 by the control arrows from
the MCU to each block. In a preferred enbodi nent of the invention, the
pre-decoder buffer is provided in-8&ddition to a post-decoder buffer

| ocated after a decoder in a streaming client. Advantageously, the

post - de r Lded in order absor.b 30 petwork transm ssion
del ay V;s?ﬂglﬁa}r%#g%ﬁpjg?t ﬁ%eg\él\‘%,faotsﬂ%ec&gg[ .bﬁj'g%&{b?h'&ﬁﬂf‘@ﬁo'b&Haﬁgﬁso absor b
decodi nglecetiagedeldg! variatians aihirothscedT by s differdd@r inbgid! debodergiianphageous in
t he case where, nore, than &ne type of nedia data is streanmed 08 AUG 2005 -8
sinulta hed ofiteIn, @0 serpatiss embodermt efuthecinventiomi & saparalei on enabl es

decod’ ndigdatiay biffér 8118 BroviHetOR A8 tebitvifly digfie The WiloBaIBAAAES 10 De

yap
snoot hed out. In an alternative odi nrent of the invention, a separate
decoder lerated peiween)the decedardawd tha postdecsder buffer and ieprovidédeaglacoder buf f er

is51o0 t : der . past-decoder buffer .and is

pr ovi dega@ggaﬁ%ﬁn% gbrrarﬁ(gdigt%%faeg# B?g]ﬁ%‘[é{@dugﬁ‘éﬁ"i@%"fm@s moaeﬁiﬁ'f?é'af‘

Advant ageousitly, mone thasi dneatypenof inedididath (OERedhed sigttdrsBasipf amedi a dat a
i s streaned sinmultaneo sl}/, a., s& arate decoder buffer is provided for the
respect iS4 %ﬂ@%o%éié'%ﬂ StREPVigRR Frr the spspesiisesourer tegqdsr fargathgorit hm A
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to buffer received data in a streamng client and to control the encoding
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al gorit X - hat a pre-decoder buffer according to the invention is
provi de .ﬁﬁ?@ﬁé‘m@”ﬂ}“@am ng client. There are two primary factors that

af fect the behavior of the buffering algorithm

A buffering algorithm operating in accordance with the embodiment is provided
to buffer received data in a streaming client and to control the encoding and
15 sering of sitreams from a network-based streaming server. The algorithm

assumes that a pre-decoder buffer according to the invention is provided in the
streaming client,

There are two primary factors that affect the behavior of the buffering algorithm

20 ie. the initial buffering time and the minimum pre-decoder buffer size. The initial
buffering time typically refers o the time that elapses between the time when a
first media data packet is received and the time when the first media sample is
played back. The minimum pre-decoder buffer size typically corresponds to the
amount of data (e.g. the number of bytes of data) the streaming client is able to

25  store in addition to the buffering that takes place to cope with the transmission
delay variation. In other words, a minimum pre-decoder buffer size is defined
for zero-delay reliable transmission networks.

The buffering algorithm is similar to the algorithms described in H.263 Annex B
30 (Hypothetical Reference Decoder) and MPEG-4 Visual Annex D (Video
buffering verifier). These algorithms define the buffering behavior for video

codecs, It should be noted that these algorithms cannot be used to replace the




20 i.e. the initial buffering tinme and the m ni mum pre-decoder buffer size.

The initial buffering time typically refers to the ti apses
between the tine when a first nedia data packet is rﬁeédﬁ&ﬂ%td the tine

when the first nedia sanple is played back. The m ni num pre-decoder buffer
size typically corresponds to the anount of data (e.g. the nunmber of bytes
of data) the streamng client is ab%e to 25 store in addition to the

buf fering that takes place to cope vvith the transm ssion delay variation.

In other_word re de buffer size is defined for
or 0 dol yS0sst R BdHEh BEhd Ao Keeoarse the 15 | angleRbiRo o ¢ hm i s
simlar iged bl galm&éb\tét%éieﬁ i lil?ygpthguééﬂﬁ% REXDE0dBP dobl ARENC! | c2l

Ref erence Deco and MPEG 4 nnex I deo errng verifier).
These aI%@PpﬂHwﬁaid@ﬂeﬂégt%@tfb’mgf@’rmulgplbe(ham&)rfraﬂms inicdthe buffadeds. 1t shoul d

be note repl ac the 8 AUG 2005 -9
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vi ded orﬂoynpdﬂbleemrtbrthet bEB\ﬁtbu%@Srdénﬂatédeeal biﬂﬁrﬁh ea@gnﬁﬁgoqﬁradoes not
support |n|t|ﬁ uffeéia'g %r storin iple ?non B) franes into the
buf f er . RFECtcaf, suplamantagosieths reglep r ﬁf‘%@%@@%r@%@%’dﬂﬁerbufferl ng

al gori t hyantse éathbivie®. conpatible with the previ ously nmentioned video
buffering algorithns. In a practical inplenmentation, the pre-decoder

buffer and the video decoder buffer can be conbined. In accordance with

the prefi@ar . al gorithm
const 1 ai e GOorERg WilfF o Glesormy bREBOMEE or 0 ANSHiRY 1P, hrienBs

r equlQ ersgorithimf cdnhtﬂramseadafamiﬂltte@lda‘t@rpa&hetcbtrﬁdrﬁ tdaef;cmghjdmh ftak| EWS 1. The
pre-decoder, buffer (s i Each recejved data packet is
Dided t JeatiEemPuS p P drspuenb b ichira Aeleds iRl at ely’ ¢ i 5
received. Al protocol headers at the transm ssion protocol Ievel (e.g.
RTP layer)_or any lower |ayer are renoved. 3. Data is not renoved fromthe

pr e- decotleh® Brg-gecasier buberds ritiailyempdy.| ed t he
2. Each received data packet is added to the pre-decoder buffer substantially
15 immediately it is received. All proioco! headers at the transmission protocol
level (e.g. RTP layer) or any lower layer are removed.
3. Data is not removed from the pre-decoder buffer during' a period called the
~ initial buffering time that is started when the first data packet is added to the
buffer.
20 4. When the initial buffering time has expired, a playback timer is started.

5. A data chunk is removed from the pre-decoder buffer substantially
immediately when the playback timer reaches the scheduled playback time
for the data chunk in question.

6. When the data is carried over a zero—detay reliable transmission network,

25 the occupancy level of the pre-decoder buffer is not permitted to exceed a
certain level called the pre-decoder buffer size.

It should be noted that the requirements above describe the operation without
intermediate pause requests. Each new play request (after a pause, for
30 example) wili follow the same requirements.




initial buffering tinme that is started when the first data packet is added

to the buffer. 20 4. Wien the initial buffering tinef haged, a
pl ayback tiner is started. 5. A data chunk is renoved Wmmﬁﬁre-decoder

buffer substantially inmediately when the playback tinmer reaches the
schedul ed pl ayback time for the data chunk in question. 6. Wen the data
Is carried over a zero-delay reli aBPe transni ssi on network, 25 the
occupancy | evel of the pre-decoder buffer is not permtted to exceed a

certain fptRim6aY, & Qegnﬁetﬂéﬁé%gﬁ?ﬁgfe %’égefd%n ﬁbﬁ?ﬁ@hl'&pﬁm%ﬂ'ﬁ%mt ed that

t he requirements above descri operation i ate pause
r equest zer@delayreliahié dransmipsiont ngtwbtke Thas,pials @radtioal inplenserastivre) Wil |

above aroNEaHG AR aPReTulrR g oy BkeY fQengoribmed ihcmttg toRubr e

transm gitepbulteing O@nsé'diumﬂﬁ,i e Acfiah fid-GedodeMBURSTRMeAh Pftreantihy €Nt - Si de
pre-dec%er buffering is |i elg to be conbined with network defay jitter
3

buf f ex i ridenidsdkelyde kel lgraer khandbe minimpme percdenssier buiferarizesdiseussada st r eani ng
5 clientsdesel | : : 1N e ffer size
ai scusscovey e hOuAPinEl Bifor-o¥ind 7 oS TR GG RER BY' | Pler'y T
be | ongdnitiaHauffering timendisduskedabdver i ng ti ne di scussed above. Pre-Decoder
Buffering 10 Figure 2 shows an exanple of a data flowin a typical

stream ng system illustrating the effect of pre-decoder buffering. The
bars reppresipsdodeeBufleriiganes or packets, for exanple, the dark bars are

vi deo data packets (e.g. encoded according to ITU T recomendation H 263)
and the | ight bars are audio data 15 packets (e.g. encoded using the

P v i, (A lrshecats <aeshy, Ty B Sk s 1o e
illustrating the effect of pre-decoder buffering. The bars represent media frames
- or packets, for example, the dark bars are video data packets (e.g. encoded
according to [TU-T recommendation H.263) and the light bars are audio data
15 packets (e.g. encoded using the Adaptive Multi-Rate (AMR) speech codec).
The height of the bars represent the size of a frame (or a packet) in bytes. The

processing flow runs from the top to the bottom, and time runs from left to right.

Now referring to Figure 2 in more detail, at first, the input data is encoded. As a
20 resuli, the video stream has a varying frame rate and frame size, and the audio
stream has a constant frame rate but a varying frame size. Next the
compressed media streams are encapsulated into packets and transmitied to
the network. While encapsulating, the server splits !a'rge video frames to
multiple packets, and combines a number of small audio frames into one
25 packet. The server transmits packets at regular intervals. A constant network
transmission delay is assumed, regardless of the packet size or any other
factors. Thus, the relative timing of received packets is the same as when they
were sent. The received packets are stored in a pre-decoder buffer. After a
certain Initial buffering time, frames are retrieved from the buffer, and the frame
30 removal rate Is the same as the frame playback rate. The maximum buffer

occupancy level determines the minimum pre-decoder buifer size,




processing flow runs fromthe top to the bottom and tine runs fromleft to
right. Now referring to Figure 2 in nore detail, at firs{§ @hg pgpsut data
is encoded. As a 20 result, the video streamhas a varying frane rate and
frame size, and the audio stream has a constant frame rate but a varying
frame size. Next the conpressed nedia streans are encapsulated into
packets and transmitted to the néetwvork. While encapsul ating, the server
splits large video frames to nmultiple packets, and conbi nes a nunber of

smal | aL@[g@alfnbweJDycgdmf@ Féi‘?%(nstla_:?e server transmts packets at

regul ar 1htervals. A constant networ transm ssion delay is assuned,
regardl ess of the packet size or any other factors. Thus, the relative
timng ei ved packets is. as en. t were sent. The

recei vealiI 03@ ePs® ﬁ”ge §F§?18d“\nﬁmé{“ﬂ°r@m@%838 ’@Wf'@rstreﬂwr@r client,er t ai n
initial dmfafmuiefamt bisfier, chibraateritios grel @ffihbeVAIdddcaped BatiBUtHehuricind the frame
30 rgoa% rate is the sane as the franme playback rate. The maxi mum buffer
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certain mmrrumbu erlng capa |t|e5|ns ents, —certain
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buf f er r defi two factors i.e. the
i el TP eBh BT skE o FrothiltvBD B boPUH AT ST exanpl e
for the tleseavhllies \oaé Walf @Xerﬁ;ﬂ@ryl and tlﬁy rhéi)f' bervarigdttb r%hleﬁe apRaesi mately one
second and, the default m ninmum pre-decoder buffer size is about 30720
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15 time and the default pre-decoder buffer size may be defined implicitly. In other
words, the source server and streaming clients in the network operate in such a
way that certain default pre-decoder buffer parameters (e.g. pre-decoder initial
buffering time and / or. pre-decoder buffer size) are assumed. In alternative
embodiments, explicit signaling of the pre-decoder buffer parameters is used.
20
In order to allow a streaming client to signal its default pre-decoder buffering
capabilities t0 a source server and to enable it fo receive media streams
requiring more demanding buffering capabilities than the default capabilities,
signaling based on the SET_PARAMETER method of the Real Time Streaming
25 Protocol (RTSP) is used in the invention.

By way of example, the client terminal device can request the server to set
either one or both of the following parameters:

30 1. initialBufferingTimelnMSec (initial buffering time in milliseconds)

2. preDecoderBufferSizelnBytes (minimum pre-decoder buffer size in
bytes)




15 tinme and the default pre-decoder buffer size may begggf'ned implicitly.
In other words, the source server and stream ng clien i (}ﬁmmhetmnrk
operate in such a way that certain default pre-decoder buffer parameters
(e.g. pre-decoder initial buffering time and / or pre-decoder buffer size)
are assuned. In alternative enbodinments, explicit signaling of the
pre-decoder buffer parameters is ud@t. 20 In order to allow a stream ng
client to signal-its default pre-decoder buffering capabilities to a
source server and to enable it to receive nedia streans requiring nore
demandi ng buffering capabilities than the default capabilities, signaling

based ormHeliohFlarrifAMeVieR 1§l Benified 16 siBRg! pdiafMeter il dfaye?> P ot ocol
By way of exanple, t

(RTSP) is used in the invention. . ' eclient term nal
devi ce da#n iheadaylt yaldessdefined ar dmplisitly asisuined irotie streabindsysterhhie ol | owi ng
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request ds@%%&éﬂiﬁllyﬂirﬁ%dﬁtéﬂgﬁ% ?é%de@ta'ib géﬁ%p dPeEate sangp! ues may

signal a "Bad Request". |f t ahsm tt ues are greater than or
equal t oefifies the traesmiied inasketcstreape Usingtthe signeded vdlees agroatiing toal ues are

taken i At : .at el request, i s, ,received and the
source 22?\%&&\/5&] ?éélcgggéi E)Igh%?%gﬁgt@éh i%gh‘%itwo ! %%& ?ﬁgc“gﬁé si gnal ed
val uds dogueatendetad beldve the eenev slaysiis cind plactgbllstréaml iﬂgsu@hgptivhy[lm In ?t her
wor ds, s _descrjbed 10 i.n greater, detal el ow, the server transmts
t he pacaﬁ‘% @PPB P‘?V@ &Rck '%Sﬁqs’l&%ﬁ“a ¥ cedpctypaptenRidhpderelvinda
subst antdiightl M@ speaficdlife'sodfcelsafydr febilid the ﬁédk%{‘%treah@'és a3Rgei fically,
the source server transimts the packet stream so as to

ensure that over-flow of the pre-decoder buffer in the receiving client does not

occur and that all data chunks (e.g. frames) of the media data are available for

15 playback in the receiving client at their scheduled playback times.

According to an advantageous embodiment of the invention, when a client
terminal device first establishes communication with a network server and starts
to set up a sireaming session with the server by requesting certain media
20 content to be streamed, it signals its default pre-decoder buffering parameters
to the server. As explained above, according to the invention, the client terminai
device may either indicate its default pre-decoder buffering time or its minimum
pre-decoder buffer size, or both the aforementioned parameters. In an
alternative embodiment, in which the client terminal device is also provided with
25  a post-decoder buffer, the post-decoder buffer size may be indicated to the
source server. In embodiments of the invention in which the pre-decoder buffer
parameiers are defined implicitly in the streaming system, initial signaling of
pre-decoder buffer parameters by the client device is strictly unnecessary.
However, if a particular client device has pre-decoder buffering capabilities
30 superior to the implicitly defined default values assumed in the streaming

system, it can signal those fo the server. In a further alternative arrangement,




ensure that over-flow of the pre-decoder buffer in the receiving client
does not occur and that all data chunks (e.g. franes) qf the nedia data
are available for 15 playback in the receiving client ﬁtﬁ Ak 200 hedul ed
pl ayback times. According to an advant ageous enbodi nent of the invention,
when a client termnal device first establishes communication with a
network server and starts to set "U$-a streaning session with the server by
requesting certain media 20 content to be streanmed, it signals its default
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in which the client termnal device is also provided with 25 a post-decoder
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server Ieidmeres THie aRbigdReMiMabRisl the mdM ML © ﬁéﬁétr@arﬂéd’?d"ad I ent

device froma capability server in connection wth the streamng system
The Her \Rivraiyxditfeient cliedsterminah devices havingrdifferant propiediest ared érar act eri sti cs

or i nary 22BRfEy &1 F87 e pbofils b fferdil ahet BliieS TE Kol 2 <1 cam ng

server |avajieldetdasmission Ht-rapd)ur al ity of pre-encoded nedia streans
representing the same nedia content. Each of the pre-encoded streans is
encoded with different encoding paraneters. This arrangenent enables the

medi a condcefding % R aawm&%u%%r%demﬂeﬂ%ﬁhi?tiﬂvdﬂ'ti&ﬁ,%r%tthelée%r termn nal

devi ces having different properties and /
has received an indication of the client terminal's default pre-decoder initial

buffering time and / or its minimum pre-decoder buffer size, it informs the client
terminal, by means of signaling via the network, of the different pre-encoded
media sireams it can provide. For example, if the server has 4 differently
encoded media streams relating to the requested media content and the client

20 has indicated both its default pre-decoder initial buffering time and its default
pre-decoder buffer size, the server signals the pre-decoder initial buffering time
and pre-decoder buffer size required to ensure correct (e.g. pause-free)
playback of the 4 different media streams, The client terminal then selects cne
of the 4 pre-encoded media streams for playback and adjusts its pre-decoder

25 initial buffering time and pre-decoder buffer size according to the corresponding
requirements of the chosen media stream. The adjustment within the client
terminal is preferably controlled by the MCU of the client terminal. If the server
indicates only the required pre-decoder initial buffering time or the required pre-
decoder buffer size required by the various encoded media streams, the client

30 terminal selects the media stream on that basis and adjusts either its pre-
decoder inttial buffering time or pre-decoder buifer size accordingly. In this
case, whichever parameter is not indicated is assigned a default value.




capabilities and / or via networks having different charaﬁgeﬁg@;ﬂmg (e.0.
maxi mum avail able transm ssion bit-rate). According to the a geous
enbodi nent of the invention, once the server 15 has received an indication
of the client termnal's default pre-decoder initial buffering tine and /
or its mninmum pre-decoder buffer size, it inforns the client termnal, by
means of signaling via the network,i4ef the different pre-encoded nedia
streans it can provide. For exanple, if the server has 4 differently
encoded nedia streans relating to the requested nedia content and the
client 20 has indicated both its default pre-decoder initial buffering tine
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then signals its. chojce of nedia streamto the serer so that stream ng
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pre-dec
15  pre-decoder buffer parameters.

According to the preferred embodiment of the invention, the pre-decoder initial
buffering time and / or pre-decoder buffer size in the client are adapted
according to the previously described process whenever streaming of a new
20 media stream is initiated. If it is determined during the process that the new
media stream can be played back correcily at the client using the currently valid
pre-decoder buffering parameters, no adjustments are necessary. Additionally,
the client may adjust its pre-decoder initial buffering time and / or pre-decoder
buffer size in a situation where the server signals a change in required pre-
25  decoder buffer parameters during an existing streaming session. This situation
may arise, for example, if different consecutive sections of the media content to
be streamed are encoded differently, giving rise to a need for different pre-
decoder buffering at the client to ensure correct playback of the stream.

30 In summary, the present invention contemplates a pre-decoder buffer as a part
of a streaming client. The streaming client operates by following a buffering

algorithm in which a streaming server verifies that the transmitted data stream




not occur and all data chunks of the nedia data are avail able for playback
in the receiving client at their schedul ed pl ayback ti MAUH)Z@B@ enabl i ng
the client termnal to adjust its pre-decoder initial buffering time and /
or pre-decoder buffer size, the nethod according to the invention enables
the termnal to receive and correctly reproduce nedia streans encoded in
such a way that they woul d not be i&apabl e of correct reproduction using
the default 15 pre-decoder buffer paraneters. According to the preferred
enbodi ment qf the invention, the pre-decoder initial buffering tinme and /
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15 Although the invention has been described in some respects with reference to a
specified embodiment thereof, variations and modifications will become
apparent to those skilled in the art. It is therefore the intention that the following
claims not be given a restrictive interpretation but should be viewed to
encompass variations and modifications that are derived from' the inventive

20  subject matter disclosed. |




5 and the encoded data/nedia transm ssion rate can be allowed to vary
within the linits of the receiver-side pre-decoder buff@g. Al 3ipgul d be
noted that a buffering verifier in a server can be used to ensure that the
transmtted packet stream conplies with the receiver buffering
capabilities. This can be done, for exanple, by adjusting the transm ssion
ti mes of packets fromthe server so that the 10 buffering capabilities of
the client's pre-decoder buffer are not exceeded. Alternatively, the serer
may adjust the way in which nmedia data is encoded and packetised. In
practice, the buffering verifier can be a buffer running within the server
after the transport encoder. 15 Although the invention has been descri bed
in sone respects with reference to a specified enbodi ment thereof,
variations and nodifications will become apparent to those skilled in the
art. I$$%§$%herefore the intention that the followng clains not be given
a rest #e interpretation but should be viewed to enconpass variations
and nodifications that are derived fromthe inventive 20 subject matter
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decoder buffer size corresponding to a minimum size of the pre-decoder buffer
required to provide substantially correct playback of the media data at the client
device when the data packet sftream is transmitted over a constant-delay
reliable transmission network.

2. A method according to claim 1, further comprising:

- sending signalling from the client device to the server to indicate either one or
both of a pre-decoder initial buffering time and a minimum pre-decoder buffer
size;

- operating the server to verify the transmitted data packet stream according to
the buffering algorithm using the signalled pre-decoder initial buffering time and

/ or minimum pre-decoder buffer size.

3. A method according to claim 1, further comprising:

- defining a default pre-decoder initial buffering time and a default minimum pre-
decoder buffer size; and

- operating the server to verify the transmitted data packet stream according to
the buffering algorithm using said defauit values. '




reliable transm ssion network. 2. A method according to claim1, further
conprising: - sending signalling fromthe client device tpgw 32$ rto
i ndicate either one or both of a pre-decoder initial bufferi 3 and a
m ni mum pre-decoder buffer size; - operating the server to verify the

transm tted data packet stream accordipng to the buffering algorithm using
the signalled pre-decoder initial buT# ring tine and: / or m ninmum
pre-decoder buffer size. 3. A nmethod according to claim1, further
conprising: - defining a default pre-decoder initial buffering tine and a
default m ni num pre- decoder buffer size; and - operating the server to
verify the transmtted data packet stream according to the buffering

algorithmuysing spid default valyes, 08 AUG 2005 -17 4 A net hod accordi ng
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characetri %ﬁ%a%gﬁg‘@é i(;rpﬁitﬁigf, f/ePre-decoder initial buffering time and
default m nimump e-cfeco er buffer size are defined inplicitly. 6. A

met hod according to claim5, characterised in that the client device
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accordi ng g receding claim characterised in that th li nt . device
adjusts its pre-decoder initial buffering tinme responsive to an indication

6. A method according to claim 5, characterised in that the client device signals
its pre-decoder buffering capabilities to the server if these are superior to those
defined by said default values.

7. A method according to claim 1, characterised in that the server retrieves pre-
decoder buffering capabilities for the client device from a capability server.

8 A thod i i lai | terised in_that 1l lient_

device adjusts its pre-decoder initial buffering time responsive to an indication
of a required pre-decoder initial buffering time received from the server.

9. A method according to any preceding claim, characterised in that the client
device adjusts its pre-decoder buffer size responsive to an indication of a
required pre-decoder buffer size received from the server.

10. A method according to any preceding claim, comprising providing the server
with a plurality of different pre-encoded media streams representative of the
same media content, and signalling the client device to indicate at least one of a
pre-decoder initial buffering time and a pre-decoder buffer size required in the
client device to ensure correct play-back of each available pre-encoded media
stream.




of a required pre-decoder initial buffering tinme received fromthe server
9. A nmethod according to any preceding claim characteris@d igng 2605 t he
client device adjusts its pre-decoder buffer size responsive to an
indication of a required pre-decoder buffer size received fromthe server.
10. A method according to any precedi? claim conprising providing the
server with a plurality of different gfe-encoded nmedi a streans
representative of the sanme nmedia content, and signalling the client device
to indicate at |east one of a pre-decoder initial buffering tinme and a
pre-decoder buffer size required in the client device to ensure correct

pl ay- back of each avail abl e pre-encoded nedia stream 08 AUG 2005 -18 11.
A et hod accordi&;ato claiml, characterised in that the client device
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order to ernsure t 3eﬁ)sé%rket stream does not exceed
the buffering capabilities of the pre-decoder buffer in the client device.

13. A h according to clajm1, characterised in that the server adjusts
t he wagﬁi ﬁgmﬁﬁﬁ%‘i raoring o glam 1.scharagtanseshin Hhat ithe jseaveri adiestadhet o
ensur et hatirdnBenisgidm ek ofeptdl phakdl flont 1 808 fome diehi 83¢ESTh bRfer
buffering capabiliti e?l re-decoder buffer in the client device. 14.

of the
A nethod ade &Paeghabt sriprsritedial Rackehpireain dees ot sxepqdihettuifering cl i ent
aeosx-acaa c\éﬁébiﬂﬁéQBﬁheﬁe—diécaaér%ﬁfe@%ﬂeddli@ﬂt &éwfaéyy preceding claim

characterised in that the client device is one of the followng: a
wreless termnal, a desktop conputer, a |aptop

13. A method according to claim 1, characterised in that the server adjusts the way
in which the media data is encoded and packetised in order to ensuré that the
transmitted data packet stream does not exceed the buffering capabilities of the
pre-decoder buffer in the client device.

14. A method according to any preceding claim, characterised in that the client

variations.

15. A method according to any preceding claim, characterised in that the client
device is one of the following: a wireless terminal, a desktop computer, a laptop
computer or a set-top box.

16. A system for transmitting media data as a data packet stream from a server to a
client device, the client device including a pre-decoder buffer (110) for buffering
the media data temporarily before decoding into an uncompressed data format,
the system being characterised in that the client device is arranged to buffer
the media data in the pre-decader buffer {110) in accordance with a buffering
algorithm and the server is arranged to verify that the data packet stream
transmitted from the server to the client device complies with the buffering
algorithm, behaviour of the buffering algorithm being affected by a pre-decoder
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conputer or a set-top box. 16. A systemfor transmtting nedia data as a
data packet streamfroma server to a client device, th@gl%&@t ﬂﬂgvi ce

i ncludi ng a pre-decoder buffer (110) for buffering the nedi az
tenporarily before decoding into an unconpressed data format, the system
bei ng characterised in that the clienf,device is arranged to buffer the
nmedi a data in the pre-decoder buffer'%%IO) I n accordance with a buffering
al gorithmand the server is arranged to verify that the data packet stream
transmtted fromthe server to the client device conplies with the
buffering algorithm behaviour of the buffering al gorithm being affected
by a pre-decoder 08 AUG 2005 -19 initial buffering tinme and a m ni nrum
pre-decoder buffer size, the m ninum pre- decoder_ buffer size corresponding
to a m ni mipiiali dfesngttinee prd -ageiniaeim pre-tdeeoder duiffer siget thepmivimgm pre-
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arranged to verify the transmtted data packet stream according to the
buffering algorithmusing the signalled pre-decoder initial buffering tine
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buffering time and / or minimum pre-decoder buffer size.

18. A system according to claim 16, characterised in that a defauli pre-decoder
initial buffering time and a default minimum pre-decoder buffer size are defined
for the pre-decoder buffer of the client device and the server is arranged to
verify the transmitted data packet stream according to the buffering algorithm

using said default values.

19. A system according to claim 18, characterised in that the client device is
arranged to signal either one or both of the default pre-decoder initial buffering
time and the default minimum pre-decoder buffer size to the server in
connection with setting up a streaming session with the server.

20. A system according fo claim 18, characetrised in that the default pre-decoder
initial buffering time and default minimum pre-decoder buffer size are defined

implicitly.

21. A system according to claim 20, characterised in that the client device is
arranged to signal its pre-decoder buffering capabilities to the server if these are
superior to those defined by said default values.




tinme and the default m ninum pre-decoder buffer size to the server in
connection with setting up a streamng session with the sﬂBvAU@ A
system according to claim 18, characetrised in that the default pre-decoder
initial buffering tinme and default m ni mum pre-decoder buffer size are
defined inplicitly. 21. A systen1accgéding to claim20, characterised in
that the .client device is arranged i6”Signal its pre-decoder buffering
capabilities to the server if these are superior to those defined by said
default values. 08 AUG 2005 -20 22. A system according to claim1,
characterised in that the server is arranged to retrieve pre-decoder
buffering capabilities for the client device froma capability server. 23.
A system according to any of clainms 16 to 22, characterised in that the
client device is arranged to adjust its pre-decoder initial buffering tinme
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to 23, charetdeer peedecodeariffering cababiliies e dhe elierd devicerfge a eapaliilitgt its
pre-decodere%ifer size responsive to an indication of a required
pre-decode|s fer size received fromthe server. 25. A systemaccording to
any of clains 16 to 24, characterised in that the server 1is provided with

a plurality of different pre-encoded |a,streanms_2.media . content and i-,
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accor di ng ©8 iBfigatien 6f acieqried are-siegoder infigd bpfiering tme; regelveddrere ther r anged
to adjust ggppjagr or both of its pre-decoder initial buffering time and its

24. A system according to any of claims 16 to 23, characterised in that the client ‘
device is arranged to adjust its pre-decoder buffer size responsive to an
indication of a required pre-decoder buffer size received from the server.

25. A system according to any of claims 16 to 24, characterised in that the server
is provided with a plurality of different pre-encoded media streams
of a pre-decoder initial buffering time and a pre-decoder buffer size required in
the client device to ensure correct play-back of each available pre-encoded
media stream.

26. A system according to claim 18, characterised in that the client device is
arranged to adjust either or both of its pre-decoder initial buffering time and its
pre-decoder buffer size responsive to a change in required pre-decoder buffer

parameters signalled by the server during a streaming session.

27. A system according to claim 16, characterised in that the server is arranged to
adjust the transmission times of data packets from the server to the client
device in order to ensure that the transmitted data packet stream does not
exceed the buffering capabilities of the pre-decoder buffer in the client device.




pre-decoder buffer size responsive to a change in required pre-decoder
buffer paraneters signalled by the server during a streaningbgﬁ%sbﬁn. 27.
A system according to claim 16, characterised in that the se i 4005
arranged to adjust the transm ssion tinmes of data packets fromthe server
to the client device in order to ensgie that the transmtted data packet
stream does not exceed the buffering“capabilities of the pre-decoder
buffer in the client device. 08 AUG 2005 -21 28. A systemaccording to
claim 16, characterised in that the server is arranged to adjust the way
in which the nedia data is encoded and packetised in order to ensure that
the transmtted data packet stream does not exceed the buffering
capabilities of the pre-decoder buffer in the client device. 29. A system
accor didy foSypgMaccerdinge glging dSpgharacierised in thalithensenier is @ranged dat
device is fiQl L B | ) , fRppyter, a
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unconpressed data format, characterised in that the client device is
arrangegd tq buffer the.nedia data,i.n t -decoder _buffe 10é.i

ceor datie APUER FPRARS o 20 GU A 15 uhag: hArestoRtRd BuhebiEietgor  « hm
bei ng af f ecleditely oBe F erdlRMBARTG: aNWivélass Rithimd)] & debkiBB céﬁﬁ)u_?er[fhméﬁfﬁﬁ pre-
decoder buffer - buffer size coupcn_pnnding to a mninumsize of the

pr e- decodeCOBIPYY O A3fItPRAK0 provide substantially correct playback of
the media data at the client device when the data packet streamis
transm tted over a constant-delay reliable transm ssion network. 31. A
cl i ent Hevifeelierd clsvigenigr recalviag media datayrthetreedisatita beingateceivedati that

or 'both of NCAMARG S0a BeReo R Blrpoitidr? o Sy W el Patilch FRII 000 or
buf fer sizerédecodsr byffer (110) for buffering the media data temporarily before
decoding into an uncompressed data format, characterised in that the client
device is arranged to buffer the media data in the pre-decoder buffer (110) in
accordance with a buffering algorithm, behaviour of the buffering algorithm
being affected by a pre-decoder initial buffering time and a minimum pre-
minimum size of the pre-decoder buffer required {o provide substantially correct
playback of the media data at the client device when the data packet stream is

transmitted over a constant-delay reliable transmission network.

31. A client device according to claim 30, characterised in that the client device is
arranged to send signalling to the server to indicate either one or both of a pre-
decoder initial buffering time and a minimum pre-decoder buffer size for use by
the server to verify the transmitted data packet stream according to the
buffering algorithm.

32. A client device according to claim 30, characterised in that a defauit pre-
decoder initial buffering time and a default minimum pre-decoder buffer size are
defined for the pre-decoder buffer of the client device.




the server to verify the transnmtted data packet stream according to the
buffering algorithm 32. A client device according to clainyﬁo,
characterised in that a default pre- decoder initial buffer gAUGnamgnd a
defaul t m ni mum pre-decoder buffer size are defined for the pre-decoder
buffer of the client device. 08 AUG 2285 -22 33. A client device according
to claim32, characterised in that the“Client device is arranged to signa
either one or both of the default pre-decoder initial buffering tinme and
the default m nimum pre-decoder buffer size to the server in connection
with setting up a stream ng session with the server. 34. A client device
according to claim32, characterised in that the client device is arranged
to signal its, pre-decoder huffering capabilities to the server if these are
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adj ust its pre-decoder buffer size responsive to an indication of a

requir pre-decoder buffer. size recejved fromthe server 37. client

ot ce S 0 Bl 6tox R<siing 16 R0, ShgeadiBilapd e BHIES ot dRyion Re

client devigengedas sRMaeRs bas-decddRe ®uFerisd 8asadiltRE th HSEMEr § a4 are

I ndi cative of at Iesst gn of aag_re-deco er initial buffering tinme and a
pr e- decoderSUBETPEP 18P ?gréﬁﬂ byedpid defpuilyaleeorrect  pl ay-back of each of a
nunber of different pre-encoded nedia streans representative of the sane

medi a content; - select one of the different pre-encoded nedia streans for
pl aybackd-ath chentdevige acepsdingdo afiyqof claims 30 to 34, characterised in that the

client device is arranged to adjust its pre-decoder initial buffering time
responsive 1o an indication of a required pre-decoder initial buffering time
received from the server.

36. A client device according to any of claims 30 to 35, characterised in that the
client device is arranged to adjust its pre-decoder buffer size responsive to an
indicati : ired pred ler huffer si ived f i

37. A client device according to any of claims 30 to 36, characterised in that the
client device is arranged to:

- receive signalling from the server indicative of at least one of a pre-decoder
initial buffering time and a pre-decoder buffer size required to provide correct
play-back of each of a number of different pre-encoded media streams
representative of the same media content;

- select one of the different pre-encoded media streams for playback at the client
device; and

- adjust its pre-decoder initial buffering time and pre-decoder buffer size
according to the requirements of the selected media stream.

38. A client device according to claim 30, characterised in that the client device is

arranged to adjust either or both of its pre-decoder initial buffering time and its




- adjust its pre-decoder initial buffering tine and pre-decoder buffer size

according to the requirenents of the selected nedia stream mm%&fnt
devi ce according to claim 30, characterised in that the clien ' S

arranged to adjust either or both of its pre-decoder initial buffering time
and its 08 AUG 2005 -23 pre-decoder bgéfer Si ze responsive to a change in
requi red pre-decoder buffer paranetefs signalled by the server during a
stream ng session. 39. A client device according to claim30, characterised
inthat it is one of the following: a wireless termnal, a desktop
conputer, a |aptop conputer or a set- top box. 40. A server for
transmtting nedia data as a data packet streamto a client device, the
client device including a pre-decoder buffer (110) for buffering the nedia
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char act er i gachrhéterd Signbie BPINeerlsr cﬁfrfr@gggfeénﬂinb?ésfs%nt. hat the data packet

streamtransmtted fromthe server to t I ent “devi ce conplies with a
buffering algorithmused in the client device to buffer the nmedia data in
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m ni mum si ée gg t he pre-decoder buffer required- of _tha nania data at the
client devPR&8%hen the data packet streamis transmtted over a
constant-delay reliable transm ssion network. 41. A server according to
claim40, characterised in that the server is further arran,ged to receive

si gnal 14t%hg A PRIYPE 108 tanseIiting Media daldps aidala Parkedi stieam iha JYent dRyier.of a
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M ni UM PlefiadgceriSbd Pl {2k tAbZRrver is arranged to verify that the data packet

stream transmitted from the server to the client device complies with a buffering
algorithm used in the client device to buffer the media data in the pre-decoder
buffer, behaviour of the buffering algorithm being affected by a pre-decoder
initial buffering time and a minimum pre-decoder buffer size, the minimum pre-
decoder buffer size corresponding to a minimum size of the pre-decoder buffer
device when the data packet stream is transmitted over a constant-delay
reliable transmission network.

41. A server according to claim 40, characterised in that the server is further
arranged to receive signalling from the client device indicative of either one or
both of a pre-decoder initial buffering time and a minimum pre-decoder buffer
size and to verify the transmitted data packet stream according to the buifering
algorithm using the signalled pre-decoder initial buffering time and / or minimum
pre-decoder buffer size,

42. A server according to claim 40, characterised in that a default pre-decoder
initial buffering time and a default minimum pre-decoder buffer size are defined
for the pre-decoder buffer of the client device and the server is arranged to




42. A server according to claim40, characterised in that a default ﬁ UG 2005
pre-decoder initial buffering tine and a default m ni num pre-decodé U
buffer size are defined for the pre-decoder buffer of the client device

and the server is arranged to A 8 AUG 2005 -24 verify the transmtted data
packet stream according to the bufferkng al gorithm wusing said default

val ues. 43. A server according to cla ﬁf42, characterised in that the

server is arranged to receive signalling indicative of either one or both

of a default pre-decoder initial buffering time and a default m ni num
pre-decoder buffer size in connection wth setting up a stream ng session.
44, A server according to claim42, characetrised in that the default

pre-decoder initial buffering time and defaul.t m i o deeagen buf fer
size are ¢gfifynpd transphitted tdaja msketﬁté%ﬂméccﬁd'?ﬂ g% %&pg}f %F'gq m%%O,
characterised in thﬁat thﬁ_}eierver is arranged to retrieve pre-decoder

buf fering Uéﬁ‘ﬁa‘ﬁ'q detault VB8PSt he client device from a capability server. 46.

A server according to any of clainms 40 to 45 characterised in that the
server is arranged to provide i.ndi i of that fiRaseivedispareargeddger
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that the server i hdedswbhh a plurality of different pre-encoded

medi a stre%ﬁvéngrg?)%eségatﬂngbg\%es of the sane nedia content and is arranged to
signal at |east one of a pre- decoder initial buffering tinme and a
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initial buffering time and default minimum pre-decoder EBllfer size are defined

implicitly.

45. A server according to claim 40, characterised in that the server is arranged to

retrieve pre-decoder buffering capabilities for the client device from a capability

server.

461“ | | . a “yr . -
| arranged to provide an indication of a required pre-decoder initial buffering time

to the client device.

47. A server according to any of claims 40 to 46, characterised in that the server i1s
arranged to provide an indication of a required pre-decoder buffer size to the

client device.

A8. A server according to any of claims 40 to 47, characterised in that the server- is
provided with a plurality of different pre-encoded media streams representative
of the same media content and is arranged to signal at least one of a ;:-:re—
decoder initial buffering time and a pre-decoder buifer size required in the client

device to ensure correct play-back of each available pre-encoded media

stream.




08 AUG 2005 -25 49. A server according to claim 40, characterisedlgqﬁgﬁgtmwg
the server is arranged to signal a change in required pre-decoder b r
paranmeters to the client device during a stream ng session. 50. A server
according to claim40, characterised in that the server is arranged to
adjust the transm ssion tinmes of data,packets fromthe server to the client
device in order to ensure that the tfa Smtted data packet stream does not
exceed the buffering capabilities of the pre-decoder buffer in the client
device. 51. A server according to claim40, characterised in that the
server is arranged to adjust the way in which the nedia data is encoded
and packetised in order to ensure that the transmtted data packet stream

does not exceed the bufferin apabiliti.es of .t = ogles ffer in
the cl4®ntA aenies @coaringyion@aRe 40t Bﬁamﬁt?@%?w Weag?'éé%g’t"gp.%n L dﬁiment

devi ce, t ' PRIded 6 Rlckedetbufferqidrametate o dree aberd dexicg packet
stream f rr(}ﬁgrga?e?l\}%?é@%rﬁe dg[ i erﬁ? -device including -a pre-decoder buffer
(11% f or -dwrirfgea Btrgaming sAs@ioR. sl ate tenporarily before decoding into an
unconpressed data format, characterised in that the nmethod conprises

buffering the nedia data in the pre-decoder buffer (110) . of the%g{i ent
devi cespn AcePiatauzerding ito aldinf4le chagacterised im that Joe 301G 1S BFANGHR'C
buffering al gorithm being.affecte 5 efhel Béivkalto inéfatientg tine
and a m nPWER g @Re O%ﬁﬁe r ggr&éteé" pt%EEEtgn'eﬁQHrmmepr e-decoder buffer size
cor r espondigggcd Gn SorlibR itNeNsaie thatf theheamsmaittdd cdata rpasket sireadqdeeedt o

provide substantially correct. playhack of TRfeR ight dd\Beec! 1 ent
devi ce whefxeeps thgdt eﬁﬁ@l&’@{’%'{'ﬁ%ﬁﬁﬁ? I gﬁgr;ng? ted eg\i/rfei[ri%gﬂ‘lconst ant - del ay
reliable transm ssion network. 53. A nmethod according to claimb52, further

conprising sending signalling fromthe client Vi ce t. fial O
"nd! catsd. o saveoaecaingdoIem 40 charagteriss r'"itﬁg‘[ﬁhglset'%ﬂf‘ grangedito % nd a

m ni mum pr %agfé?%’ee{}va H{.fv@rﬁcﬁ W nictlia HER RYeridided emdepadkatisakin pider o
transmtte at a packe

stream according to the bufferin '
: ensure that the transmitted data packel stream Eoes not exce%d%kgoordﬂleﬁﬂb

capabilities of the pre-decoder buffer in the client device.

52 A method for buffering media data in a client device, the media data being
received at a client device as a data packet stream from a server, the client
_device -including -a pre-decoder_huffer (110} for buffering the media data
temporarily before decoding into an uncompressed data format, characterised
in that the method comprises buffering the media data in the pre-decoder buffer
(110) of the client device in accardance with a buffering algorithm, behaviour of
the buffering algorithm being affected by a pre-decoder initial buffering time and
a minimum pre-decoder buffer size, the minimum pre-decoder buffer size
corresponding to a minimum size of the pre-decoder buffer required to provide
substantially correct playback of the media data at the client device when the
data packet stream is transmitted over a constant-delay reliable transmission

network.

53. A method according to claim 52, further comprising sending signalling from the
client device to the server to indicate either one or both of an pre-decoder initial
buffering time and a minimum pre-decoder buffer size for use by the server to
verify the transmitted data packet stream according to the buffering algorithm.




08 AUG 2005 -26 54. A nmethod according to claimb52, further conp§d$ AE@ ﬂwﬁ
defining a default pre- decoder initial buffering tinme and a def

m ni nrum pr e-decoder buffer size for the pre-decoder buffer of the client
device. 55. A nethod according to claimb54, characterised in that the
client device signals either one or ?gth of the default pre-decoder

initial buffering tinme and the defaul m ni mum pr e- decoder buffer size to
the server in connection with setting up a stream ng session with the
server. 56. A nethod according to claim54, characterised in that the
client device signals its pre-decoder buffering capabilities to the server
if these are superior to those defined by said default values. 57. A

nmet hod according to any of clains 52 to 56, characterised in that the
client device adjusts its pre-decoder initial buffering tinme responsive to

an i ndisgat ix0edhod Qic%é»rdnrlig % d?élﬁr @QCQQ@HeH abﬁmbﬁémetﬁéfmgﬂ% Héﬁ%ltr i ved
frnmthe server. 58. A nethod accord tg to any of cl ai ns
ad

char act er i §86044{ ipifak buffasing| ﬁr@‘ﬁﬁndd%@? ftmpm@mrg nregiepa@erd@mépzebf@r fer
size respopsd t%—&ébo%'érbﬂﬁéncgtth%@hé’t’;toaegt decqui red pre-decoder buffer size

received fromthe server thod according to any of clains 52 to 58,
further conprising: - receiving at the client deV| ce S|gnaII|ng fromthe

server dzndi,c tla ng tine
and a |ogr5 e- @e@tgle %gqfo?lipbg??@"ﬁeqwcf'@&&ftg"gﬁggn tl&%? Jeﬁﬂ% @i%ﬁ of
each of a reithdresnebr lubtﬁfoémmaefpuﬂpmded@dbrnmﬂaaauf@nhgam aed teseetaalti ve of
the sanme nedia conterét b cti B_% of the different g_se-gncoded medi a
streans fof"BIHBRR 5?0??1" ! rstﬁﬁ(t‘ﬁ gerven iy cernestien yypsset P9 48 Bsting
t he pre- degpdgmindéddstdn Wilh tey sd1ged i "8 and pre-decoder buffer size of the
pre-decoder buffer according to the requirenents of the selected nedia
56. A method according to claim 54, characterised in that the client device signals
its pre-decoder buffering capabilities to the server if these are superior to those
defined by said default values.

57. A method according to any of claims 52 to 56, characterised in that the client
device adjusts its pre-decoder initial buffering time responsive to an indication of

ired pre-decoder initial buffeting 4 ived from 1t

58. A method according to any of claims 52 to 57, characterised in that the client
device adjusts its pre-decoder buffer size responsive to an indication of a
required pre-decoder buffer size received from the server.

59. A method according to any of claims 52 to 58, further comprising:

- receiving at the client device signalling from the 'server indicative of at teast one
of a pre-decoder initial buffering time and a pre-decoder buffer size required to
provide correct play-back of each of a number of different pre-encoded media
streams representative of the same media content;

- selecting one of the different pre-encoded media streams for playback at the
client device; and |




stream 60. A nethod according to claim52, characterised in tha ﬁ 2@
client device adjusts either or both of its pre-decoder initial gh Er?ﬁ@
time and its pre-decoder buffer size responsive to a change in required
pre-decoder buffer paranmeters signalled by the server during a stream ng
session. 61. A nethod for transn1tt|n27nedia. data as a data packet stream
froma server to a client device, client device including a
pre-decoder buffer (110) for buffering the nedia data tenporarily before
decoding into an unconpressed data format, characterised in that the

met hod conprises operating the server to verify that the data packet
streamtransmtted fromthe server to the client device conplies with a

buffering al gorit used in the client device to buffer the nedia data in
the preé- deé’é’g@l'nﬂ pre-drerges Bhtl‘a'&”ﬂteﬁ'@gﬁlﬁ'ﬁ? éndrryedesodet REffeesing of

affected byné méﬁje@@@@.dguﬁémb&d:@hln@uw tHd Reguiteifertd bf The! JBIEMEH ndgiaoder

buffer size, the m nimum pre-decoder buffer size corresponding to a m ni num
si ze of thétfﬁlagl-decoder buffer required to provide substantially correct

pl ayback of the nmedia data at the client device when the data packet
streamis transmtted over a constant-delay reliable transm ssion network.
62. A rfifl hddmethad déoayding tolcdim 52, charactecisediis dioktithe tcliant ddvicesadjusts

recei ves I h Ldevi.ce indicative of either, gne or
both of a pr'tgggecégg]rg{’?#{ g‘f’&’rﬁ? 'ﬁpﬁﬁﬂ‘ f'H@Q'gFFdaad I‘F?rﬁﬁﬁﬁ"nﬁ?’%r der
buf f er si zesizndesponsiveesot be chingasin réquiradntpre prek@ér YuffepMpAaaRILSHsNg to
the bufferi %ﬂ%ﬁ%” hm usi gg the signalled _&_e-decoder initial buffering
time and / % P iRe sSPEesLubRe A SSE?PHBWS%?SZ . 63. A nethod according to
claim6l, characterised in that a default pre-decoder initial buffering

tinme and, a defa QfL m ni mum re-decoder buffer size are defined 08 AUG 2005
-28 for%thét p&iD (S JENSAUiNg Medioaea a6 Afato arkelstEsAM f19 SEANAT toor | {1 os

the transidiehflddts, thachght SRR 4 Nfrel dodddBr PHIHRF N916) GRS LN
using said buffering the media data temporarily before decoding info an uncompressed
data format, characterised in that the method comprises operating the server
to verify that the data packet stream transmitted from the server to the client
device complies with a buffering algorithm used in the client device to buffer the
media data in the pre-decoder buffer, behaviour of the buffering algorithm being
affected by a pre-decoder initial buffering time and -a_minimum.pre-decoder
buifer size, the minimum pre-decoder buffer size corresponding to 2 minimum
size of the pre-decoder buffer required to provide substantially correct playback
of the media data at the client device when the data packet stream is

transmitted over a constant-delay reliable fransmission network.

62. A method according to claim 61, characterised in that the server receives
signalling from the client device indicative of either one or both of a pre-decoder
initial buffering time and a minimum pre-decoder buffer size and verifies the
transmitted data packet stream according to the buffering algorithm using the
signalled pre-decoder initial buffering time and / or minimum pre-decoder buffer
size.

63. A method according to claim 61, characterised in that a default pre-decoder
initial buffering time and a default minimum pre-decoder buffer size are defined




default values. 64. A nmethod according to claim&63, characterise&?ﬁn%@\aﬁEHS
the server receives signalling indicative of either one or both of a
default pre-decoder initial buffering time and a default m ni num
pre-decoder buffer size in connection with setting up a stream ng session.
65. A nmethod according to claim63, 02 racetrised in that the default
pre-decoder initial buffering tinme afd default m ni mum pre-decoder buffer
size are defined implicitly. 66. A nmethod according to claim 61,
characterised in that the server retrieves pre- decoder buffering
capabilities for the client device froma capability server. A7 A nethod
according to any of clains 61 to 66 characterised in that the server

provi des ar} i ndication of a required pre-decoder initial buffering tine to
the clientPYds QEe-degoder huffan @f dbeoflant devicenmpdother savies \@rifies e,
characteri ' I ks e cat i k Lred

pre- decode?%ﬁ)\gm%dqgiﬁ%&%o@? ﬁ)éf@é?" gﬁb\ﬂc’i@@?ggﬁe ggl%ﬁ%ﬁ% rggic%'ﬁg?%‘é’ to any
of clains 6Efawteduesharacterised in that the server is provided with a
plurality of different pre-encoded nedia streans representative of the
same nedia content and signals at |east one of a pre- decoder initial

buf f er iGdy tA meethod accprdingldooslaim B3 folraraéteeisedqini fted tha ddigerctdceiles devi ce

to ensure t play-back. of each avai | e_pre-encoded dia stream 08
AG 2005 - S9N ARIA° B CrET rhd &b an PR R Ga b erdRoadeh et ¢ he
server si graifferiag titleemgba idefd@OminiRdmDpe-dRreaee bufit digd iledmHERlish witho the

client devi CF‘I durin stream ng session. 71. A nethod according to claim

a
61, char act®&f"9P ?gtr?ﬂ'a'ﬂn‘iﬁ:égsé‘&-ver adj usts the transmission times of
data packets fromthe server to the client device in order

85. A method according to claim 63, characetrised in that the default pre-decoder
initial buffering time and default minimum pre-decoder buffer size are defined
implicitly.

66. A method according to claim 61, characterised in that the server retrieves pre-
decoder buffering capabilities for the client device from a capability server.

provides an indication of a required pfe—decoder initial buffering time to the
client device.

68. A method according to any of claims 61 to 67, characterised in that the server
provides an indication of a required pre-decader buffer size to the client device.

89. A method according to any of claims 61 to 68, characterised in that the server
is provided with a plurality of different pre-encoded media streams
representative of the same media content and signals at least one of a pre-
decoder initial buffering time and a pre-decoder buffer size required in the client
device to ensure correct play-back of each available pre-enceded media
stream.




to ensure that the transmtted data packet stream does not exceeg%QW@g;
buffering capabilities of the pre-decoder buffer in the client ! | e zﬂ@i
A nmet hod according to claim®6l1, characterised in that the server adjusts
the way in which the nedia data is encoded and packetised in order to
ensure that the transmtted data pacégt stream does not exceed the
buffering capabilities of the pre-detdder buffer in the client device. 73.
A data signal conprising nmedia data, said data signal including a plurality
of data packets for transm ssion as a data packet streamto a client
device, the client -device-including- a~~tecoder-.buffer An Ina MOCl-a C321
tenporarily before decoding into an unconpressed data format, characteri sed

in that_t he, dat i gnal conplies with a buffering algorithmused in the
client 7%ev desthad ircoming He ofaiey §1lasharacterigedpnethat diservenfeignals a

behavi our ofp i fiedd P& | | t r.e- r
initial bu?{f grrnlaﬁ.gm ??an%%jng&aaé%rt#&%ﬁﬁé%%%i :fra t@gf 'épﬁg?\g(g? qﬁﬂgg% ni mum
pr e- decoderstiganiieg sessien. corresponding to a m ni mum si ze of the pre-decoder
buffer required to provide substantially correct playback of the nedia

data at the client device when the data packet streamis transmtted over

a constéht -Alehethod elccatding to alimi 65 i ciarasterigedkin that the server adjusts the
transmission times of data packets from the server to the client device in order
to ensure that the fransmitted data packet stream does not exceed the buffering
capabilities of the pre-decoder buffer in the client device.

72. A method according to claim 61, characterised in that the server adjusts the
way in which the media data is encoded and packetised in order to ensure that
the transmitted data packet stream does not exceed the buffering capabilities of
the pre-decoder buffer in the client device. '

73. A data signal comprising media data, said data signal including a plurality of
data packets for transmission as a data packet stream to a client device, the
client device including a pre-decoder buffer {110) for buffering the media data
temporarily before decoding into an uncompressed data format, characterised
in that the data signal complies with a buffering algorithm used in the client
device to buffer the media data in the pre-decoder buffer, behaviour of the
buffering algorithm being affected by a pre-decoder initial buffering time and a
minimum pre-decoder buffer size, the minimum pre-decoder buffer size
corresponding to a minimum size of the pre-decoder buffer required to provide
substantially correct playback of the media data at the client device when the
data packet sitream is transmitted over a constant-delay reliable transmission
network. '




