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example, in one application, a network server transmits video/audio content to a number

of network terminals, where the number of terminals could be on the order of hundreds
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[0003] In a data network, many types of information are strongly bound to time.
They become available at a certain point in time, stay valid/up-to-date for a certain
period of time, and then expire at a later time when an update is available. Some of the
most common examples of information with this nature are news, weather broadcasts,
and stock quotes. Any significant delay in the delivery of such time sensitive

information to consumers reduces its value drastically and may even render it useless.
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[0006] Therefore, what is needed is a scalable content transmission system for
transmitting content to a large number of receiving terminals in a data network. The
transmission system must not only consider the deadline of the content but also
transmission bandwidth efficiency, since the transmission may take place over precious
air-link resources. In addition, the system should operate to provide the content to as

many receiving terminals as possible given a fixed bandwidth communication channel.
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comprises receiving a request from at least one receiving terminal to receive one or
more enhancement layers, and transmitting the one or more enhancement layers to the at
least one receiving terminal.

[0010] In one embodiment, apparatus is provided for transmitting content to one or
more receiving terminals from a distribution server in a data network. The apparatus
comprises processing logic that operates to encode the content into a base layer and one
or more enhancement layers, and transmitting logic that operates to transmit the base

layer to the one or more receiving terminals. The apparatus also comprises receiving
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enhancement layers to obtain the desired enhanced quality.
[0014] Other aspects, advantages, and features of the present invention will become
apparent after review of the hereinafter set forth Brief Description of the Drawings,

Detailed Description, and the Claims.



apparent after review of the hereinafter set forth
Brief Description of the Drawi ngs, Detailed
w®e®en1pve on, and the C ai ns. BRI EF DESCRI PTI ONe@FFUT4B5/023980
DRAW NGS [ 0015] The foregoi ngsaspects and the
attendant advant ages of the enbodi nents descri bed
herein w | [o10) ' ence
to the fol POt BESLRIETION OB PRI HRAPINGS
Nnctq i t C j | reivas:
B35k © i Tolbibe i5ecS A TR Rl S AGS SR Bl diments
aessorblédipdrtinafillbecans epte tenditysappasindhy ssfeteney to[tdbpwing
FIG 2 shows a functianal .bl ock di.agram of a seryer.
AgjrilqghdeseptioRavReRdaIERTHR SPTIBRCUONEIR BITACequaRneLrames
?Mékﬁﬂ] [0018] FIG 3 shows one enbodi nent of a nethod
or operating the server of FIG 2 in one enbodi nent
{f016] corEl€htl shows g metyairk thas yenprises o0 ¢@bodinent df astonient
a functionagwglock di agram of a receiving termnal for
HawsmIEsIgh Y SEfbodi nent of a content transmi ssion
f0RyEM Fesl 2 H8¥Rk fimddonal bibtRVEa@ e oTAkesieMRR us@fn che
met hod for operating the receiving termnal of FIG 4
embodimeahtforitombsnt trafismasst@nsystent r ansni ssi on system

38 s Sadbr b e Bl oS M BB BN ot .

2 @M bASEmbsEMEA ST RAtchY GiBMidsiudl syear at es to
ef ficientl ¥ deliver content frogma transmtting server

{00191 | ar&- Hushpws adinatiopsliblegkdiagrym of pdeesiving teginah for gise in
f i i i.r.ekess network,

Pfrg}‘%: ?Iﬁté(?dﬁgl%%ﬁc{}‘yan%o?ﬁﬁt {r%ngrfsgidgsi cgl, S(}Etgm’ruaﬁéll cati on networks,

[0020] c NEIGYS dhews sre bmBsditeat dfid methed forpmiesating the receiving
net wor ks, such as virtual private networks (VPN),

teswinal gf EIGfbinguieiesbogimpent gf %aO%QWR@}SSHOB%&t%m

network, or any other type of data network. [0022] Li

one or nore enbodi nents, the transm ssion system

operates to parti tDETANNEDDHSCRRTIONata into
mul tiple content |ayers using scal abl e coding.

R hb| eTleoiiloyingaletaledt deseniptien d¢sgyibescambnsiithenys pf ¢ sealable

el BB A P ol PP RBAT B A A 87
Srhh 6Tkt pSservid fd1a Tahdd minik¥iof RelnBirdRt ahRtshsteiUs suitletfoPhs in any
reconstructions of the content having varyi

yvetof avirederparclgss aeods. indlediag bytgk]intiiedde cgg%mmign
G Wor S, Bﬁt?lgculge%gmkl,hs%cﬁ Ya}é)thg%tgttneﬁ lp?i%ﬁt%%le&];orﬁg shdtf dsQRtual private

networks (VPN), local area networks, wide area networks, long haul network, or any
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[0022] In one or more embodiments, the transmission system operates to partition
and encode content data into multiple content layers using scalable coding. Scalable
coding (also known as “layered coding”) is the process of generating a compressed
representation of content in the form of a hierarchical data structure, such that from this
data structure multiple reconstructions of the content having varying spatial-temporal
and/or signal (SNR) fidelity levels can be produced. The two major classes of partitions
of the hierarchical data structure are called “base” and “enhancement” layers. The base
layer is at the bottom of the hierarchy and is used for all reconstructions of the content.

One or more enhancement layers make up the remaining levels of the hierarchy, and
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not limited to, portable telephones, handheld devices, notebook computers, desktop
computers, or any other type of device capable of receiving network communications.
The terminals communicate with the data network using communication channels 108,

which may comprise wired or wireless communication links. For example, in one
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shown at 118 and 120 respectively. The server 102 responds by transmitting

enhancement layers E1 and E2 to terminal X, and by transmitting all enhancement
layers to terminal 1.

[0030] After receiving the enhancement layers, the terminals 1, 3, X are able to
render the content with higher quality than is possible with only the base layer B. The
enhancement layers operate to improve the quality of audio, video, or other content

characteristics. In one or more embodiments, the content layers function as follows.
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content, network conditions, and/or as demanded by consumers. For example, the

content is encoded by the server 102 or a third party and then stored in the database. In
another embodiment, the encoded content layers are delivered to the server 102 for
distribution.

[0032] In one embodiment, the number of enhancement layers generated can be a
variable that depends on terminal capabilities, types of content to be delivered, and/or
any other factors. Additionally, the number of enhancement layers that may be utilized
by a particular receiving terminal depends on individual terminal capabilities, network
(or channel) conditions, bandwidth availability, expected throughput, and/or any other
factors.

[0033] It should be noted that the content transmission system of FIG. 1 represents

just one embodiment, and that other embodiments are possible within the scope of the
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[0038] The transceiver logic 210 comprises hardware and/or software that operates

to allow the server 102 to transmit and receive data and other information to/from
external devices or systems. For example, the transceiver logic 210 may comprise logic
to transmit data and/or other information over a data network to other devices, such as
receiving terminals. For example, the server 102 may use the transceiver logic 210 to
transmit any number of unicast or multicast transmissions over a data network to a

plurality of receiving terminals.
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wide variety of data files or other information into base and enhancement layers as

described herein. Such data files include but are not limited to multimedia signals, such
as video, audio, images and graphics information. The following sections provide a
brief description of scalable video and audio encoding. However, it should be noted
that the system is operable to scalably encode and transmit virtually any type of

information signal.
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Partitioning framework divides the bit-stream of a single-layer nonscalable
codec into two (MPEG-2 Video and MPEG-4 Video) or three parts (H.264). The

first part comprises the most critical information fields in the original bit-stream

:icq)ﬁty levels

e.g. headers, quantization parameters, motion vectors and lower order DCT
coefficients. The other parts contain the remaining less critical information e.g.
higher order DCT coefficients.
[0044] It is important to note that in addition to the above introduced monolithic
video scalability modes, a scalable bit-stream encoder can potentially combine the use
of more than one scalability mode in generating a scalable representation such as the

concurrent use of temporal and sample fidelity scalabilities. In this latter case and also
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of more than one scalability mode in generating a scalable representation such as the

concurrent use of sample fidelity and bandwidth scalabilities. In this latter case and also
in general, the different types of enhancement information can be provided in different
enhancement layers or both (all) can be embedded into a single enhancement layer.
[0047]  Alternate forms of processing as well as those similar to the ones cited above
can be applied to video, audio and other forms of multimedia and generic digital
information, to achieve layered representations for these data. In particular, spatial

resolution, sample fidelity, object level fidelity, chroma format scalable encoding and
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€. The requests for the enhancement layers are received at the server, and in

response, the requested enhancement layers are retrieved from a database
and transmitted to the requesting terminals.
[0050] Thus, the content transmission system performs the above steps to scalably
transmit content to one or more receiving terminals. As a result, bandwidth availability
and efficiency of the network is maximized since the enhancements layers are only

transmitted to those terminals requesting their delivery. Furthermore, the resources of
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ne ‘embodi ment of a content transm ssion system For
g Hatr intwork lisescatablyorhcadl. ior Exdsapledbe piosessing lpgic 202 comprises

reference to t server .102 sh i , i

Gormgdo g KRR SHeoTh ot SRR aBroh b oot lbers 208
ARPEENAb1E enddRirg taetidetrasl Betused € Qicoti® iR coateat toi fofn the content
termnals. In one or nore enbodi nents, the server 102

tayens 208 cwhich gpuprise @base faysE axbonePTIRYE Snbansemedayest o

ecu i A .. )
53l AR MRS Btk Rt einals. For
eemeslb iRephebsing 1050202 rdfiets dakba3e Payecafithe nontert ligers 208 and
delivered froma server to yecei \ﬁyggroté{(m nals in.a

eenteplyibewgpscereT 3L opmymiiho brsg lavep fo alkigkpving tprdnals. The
C 2 | .

SRR e, B8R an) AR ERESHLAG, 00M dby ot icon

trayetissid®¥3. Any scal abl e encodi ng techni que may be

541 i Arbiogn e, 2u Sabael ep Rasriomed ShEH SHhgraiore ©
Fﬁ]ﬁﬁ@&ﬁ&ﬁ Myel SHE tansrhiROP &) sefictdal recdiviR® fermird®s Bias®on selected

ayer 1s transmtted to the receiving termnals. For
eritenip] dlor ehamplegipemeicmyodliongint; epliancementlayass anetiwangraitied to

45585 e i R
bSRti¥h, e ?bd‘ Bdrfiractb@videambdavacd registiBtion)) or P&kl on eyl other

as a mul'ticast transm ssjion or as a group of unicast
criterignFosexample, in one embodiment, enhancement layers are transmitted to

selected terminals based on the resources available to the selected receiving terminals.
In one embodiment, the processing logic 202 determines that selected criteria have been
met and delivers one or more enhancement layers to the one or more selected receiving
terminals in a manner transparent to the users of those terminals. Thus, it is possible for
a selected receiving terminal to automatically receive enhancement layers without a
specific request being made.

[0055] At block 308, the receiving terminals receive the base layer for rendering.

For example, the base layer allows the content to be rendered with enough quality so



[0054] At bl ock 306, an optional step is perforned
wherein one or nore enhancenent |ayers are transmtted
W 200881784 ed receiving term nals based on sel ep€EUS2005/023980
criteria. For exanple, in onesnbodi nent, enhancenent

| ayers are transmtted to termnals based on prior

gj%?? gl} a?}(i b}ei(%e g]:alog %féc]atg}l g%{éﬁq@ﬁt ﬁﬂﬁﬁ?ll vg%eth%rro(g élm itis reaulred to render

fiRonRet with Gfphec @ailidy. i wiilkl Be heginst it ione pr mbrehasadmg terminals

any other criteria. For exanple i n one enbodi nent,

éﬁ’ﬁh’@ﬁ@ eander the goriest it Zreplghg¥altY-ed to sel ect ed

L(ﬁfs dé[ e UN Qacrhl'l‘@céiﬁﬁg %ﬁ]ﬁﬁl fatd ﬁﬁlﬂ:@th% Qoﬁt@ﬁt to be rendered
etted recelving term na I'n one enbodi nent, the

pltheestiri@aliygransmi? a defuestio ﬂessetweareqsatmgtoad ot mores ria

have been_ net d delivers one, or. nor enhan enent
PalyremaT 1. ik BB 8 oogPEPUmah dhs GG BF fArgpied over
b Qad ol & ﬂfé%@ﬁ@& 'b? e kguéshﬁcéﬁ@lr 1BgR214ReS e transceiver logic
term nal s. it I's possible for a selected

Rekei ving termnal to automaticall y recei ve

ce t | V\Athotas C uest. .bein
R T CBipeitd T, fosiossts ard oEEr ol i SETAGRY HGfolestod
Eﬁﬁﬁbé&ﬁeﬂt ey eRAR rdtAYRId ftoh tHeRRERNE Agers FTbr &pATHN, @he TobR 214
base | ayer "all ows the content to be rendered with
exveivghthgueduesty apdobtainsithe reayestsd cabancgaenblayess digm the content
ﬁecel aﬁ% t@{m nal whether or not it is required to
Whddeabae Wt ent with higher quality. It will be
foussed AtwibcloBES, te eBlicited @ARInNcEMENt18YeTs aeliSnsiaticd go the
render the content with greater quality. [0056] At
pavextingtermiagls hForsampla, gietleglﬁwm coRtrRlp theét?aﬁqe@éer%%to
?rgﬂ P hel rgglﬁgﬁeﬁ%ﬂﬁaﬁ{cgﬂeﬂﬁ e)%r@tro AL flqudHa tér}‘mﬁa{l?nsm ts
a request to the server uesti ng ‘one
‘{1!058]1 C e B opetatiohof tﬁ%&hethddmﬁﬂ R:,sultsnn@lﬁﬁacmrmlsd Dflm’uWQrk and
the requests are transmtted over a data petwork nd
r@@emngetanwlak IGEOWERFHICE CRRARSPTER 1AN5ET e ol fAngmy
(gl | ¥ind1Q9 11:Cshg&ig be [ngfgﬁ fat e REBEK 366-ﬁlusfr51t@s just one
reguest’s are recelved at the server and the requested
emlbamnmmemtd thatyehanger additeinsj @weatrdngement of thermhethed steps may be
| ayers, exa the lo 214 receives the
E@Vé@‘é“ &C‘&’&t %VWQSFIQEQWBE enhancenent | ayers
fromthe content |ayers database 208. [0058] At bl ock
314, the requested enhancenment |ayers are transmtted

Mlng termnals. For exanple, the 1 ogic

ontfol s.the transceiver 210 t pansmt .t he
TifoEcr RN e R mydres feovls B0ty o te content
13h4hiBabS systdR 6fdratth & Q4divELdrie®? nidre Ebﬁeﬂﬂhﬁﬂto@ﬁrge number of
results in efficient use of network and receiving

resehingtermizelsu rihe Spaiatien okihip serientdrnsmipyiopsydem ippguypared to a

tccr)r?\%% 1ortlatl %rgngnqission system to show how the content transmission system

provides increased network efficiency and services more client devices. In the following
example 1k = 1024, and 1M = 1024*1024.

[0061] Once a piece of multimedia content becomes available to a distribution
server for the first time, the time period spanning the entire set of unicasts scheduled for
that piece of content is an interval during which the shared multi-user communication

channel/network is experiencing its peak load. In order to deliver the content to all



requesting termnals. It should be noted that the

nmet hod 300 illustrates just one enbodi nent and that
wWeb@ngew9 addi ti ons, or rearrangenents of the PEL/OSWH05/023980

steps nmay be nmade within the ggope of the various

enbodi nents. Illustrated Exanple [0060] The foll ow ng
{ .
R S A

RBAmePARVEI is éiligddsat ite fall bayagiey turiipethisCfpukletstiavé. ng
term nals. The operation of the conten{ transm ssion

400028 m | Assugwepbatdn acenvensional syitena audioriisHiloesnist clip having a
gﬁs%ﬁg@l&& a0 AV kS %&g@ sLvaiam éﬁgﬁé‘ Y e Rip is
es | ncreased e

netmork I clency an rvi ces
renccled lat £totaldatioq8kbps) plus valed ¢24kbpi)igndwiitp bé321<tbps and hence its

s 13 900K Kb fassRiahing oD a0 FHIMRL & h Aot SpRftpl e pence it
%ﬁg\éggltn{ g e. bd§utld rﬁe) tdt Wne (i230 1 hﬁﬁu&?f QS PA A delay of at

e set o uni casts schedul ed for that piece of
moost f3tofitlsis Hfetinet @evH]l mitmtdsh ganbe totemtbdebmdéajm order to be

nul t. n| ca n.channel./ net wor

ERPRASTEER g 4 Bt (R S NG GEyiEt- b rapsrpiggon chamnel
G284 6mdv¢1@thqifllw1ﬂ eﬂheﬁi tHeSBNSwidlslinp 1B @alcEREbn ARRABtha®b4 clients
| at ency possi bl e, the comuni cation channel/network is

lﬁtacewmdemnnals)ssan@lelsewa@ #té egnvgntionagsystang ungsy dhe'above given “no
n a conventional system an
tha\l}lg @gﬁ C%I}m Having a presentation

??B?“ °fesfliVﬁ>pﬁ>27 T R %?%%leg‘igw%b 64,

pl us vi deo (24kbps) bandw dth of 32khps and hence
409631 s hﬂéb@ﬂlapveTW@ tRan$IRISHgY CW]fléPFlﬁéedo%t ity éiluﬁfmaﬁl&for 10

nﬂte§ ?taﬁﬁg’%% H@g?{gﬁo de"ﬁr\}gr ﬁl@ E&ﬁglgtto W bl 1etﬁ§< Fi\’Vftﬁodt rel§x1ng the

m nut es
ailasmnhﬂnqienmssiblealelayfcoastramts(bssﬂ)élatedf\mtlhnme-lseﬂsﬁivennult]medla

fophgR) e bR o of g isnyer of Chatgserved s Hrbign
Hﬁd?@asﬁ%n[ﬁé Frink ds?lﬁgs%ﬁ bhnelltand PRt Lv@fﬁ@lmssasﬂrﬁﬁar? Q?&E}ﬁ lresource).

has a bBandw | Mops, then the follow ng sinple
d606&ilil at Howevezyiaains ot hnmire émbadimentssth¢ Fies&‘abvd eqntent transmission

Tl i i e R e g s
RS thekdhe makiPnpernidiBlodelay c&@%ﬁ@ and RRR6k ré%
= (600 x 1024)kb / 9600kb = 64. [0 In the ove,

tadditionalisysters gesonrash émﬁl@dmgérausmlsslz@ ah%unel bandmidth), which

SRRRGU s B e GRS RN\  hout 1 axi ng

t[b@6SyBXi OHEB Pieed 6doatent haletyers@tisd Elidnbtevios $ids rakle for
Wth tinme-sensitive nmultinedia content), one olvi ous
waysuIDtion ¢k e Remayievrs orummsisredds User conteat ensymptipypatterns are

sHEl?ﬁ’lg{helther all users/clients view the content immediately upon its availability, nor

U—I

all pieces of delivered content are viewed in their entirety prior to their expiration, with
some delivered content never being viewed before they expire. The first of these two
observations, implies that there is a “is“diversity” with respect to the consumption time
interval of a piece of content (roughly) spanning the life-time of that content. The
second observation implies that under typical conditions, some of the transmission
bandwidth, a very valuable system resource, gets wasted due to the delivered but never

viewed content segments (partial or entire pieces of content). Thus, in one or more



I ncreasing the transm ssion channel bandw dth (which

is a primary systemresource). [0064] However, in one
worongpL®Ienbodi ments, the described content PCT/US2005/023980

transm ssi on system operates o provide a uni que

solution to increasing the nunber of clients served

[ . . .

ARl Y R RS R bt oS ek Thwing o

(objeekiviel. ng transm ssion channel bandw dth), which

frequently are additional constraints thenselves, L

[ 0065]1- Onc haoyghexplading bRt BRE Gl iy Besgnivgnpiion/viewing

cli e”fyeﬁ‘éé{é &fedgli’vérgii %oﬂ@&%d%ﬂfhoﬁ%ﬁﬁ%ﬂ@ Mhakimm pRfthiddble

vi ewed or rendered). er content consunption patterns

ar e suklivérpdelageondtintait ks possibk/to lsmeothsout i(isavspiead over time), the

content i diately ypon its.availability, nor all .

pi eces PS#&&% peeoatent mmésmnﬁwg meﬁﬂﬁnﬂ@ provide service to a

ent i 1 qbeNiinMer bPclidhfd fhirgh! ol tRinksMibsioWchBnit® (Wstribution network) of

delivered content never being viewed before they

expi r dixedtendvidtht of these two observations, inplies

that there s a "i.s"diversi.ty" with.respe to, the

consurfot | o ioREra B FERG PGy i QR GTRES by IpbinE the

(r ougHeYoentapa bMwaded Rnshiifstord bamawaitht hat content. The

second observation inplies that under typical

de0afilt i ohbe condens trepsmaigeion pystemrRelaevss thrsp tive elbjRctives bEr y
val ! m resource, gets wasted due to the
&)%ffﬁ@{%lgéﬁ%%ﬁlgwlen\gér vi ewed content segnents (partial

or enti.re pNeki@shemittibeeriod bousdediby théisant of content

nor eenbodi ments, the content transm ssion system o
oper ata¥ailabality £afithe, distributipn peryen Al thgspemiiedinaxigym permissible
Thr oughy:.expl.i.t i '
consurcBliFR el 88 ehtlS cohielifs deitital il fftntsAa jower fhan-ful
W t houjualityllewel stijl edebling xn aeoeptablepresentation dedlity.eThen, rely on
delay constraint, jt S poOSSi }t}l e t.?, snﬁ)ot h- out g% . €.

spr eaOBIFRY “COpFHEIPLon e %éﬁr-s i rttilige fheasmpimine life-time of the
transm,ssi F=Yol Ul ' [ :
. ar GorenOd A hafEPHARTRY, bfinREfhORSS thfuilcs. I tis
¢ hanneharfeli, $herpelpisubsoribergienspitentafankinissthn badgetirelfuireni2nt

The overall system efficj.enc n be increased b )
' educigeTeRdbe e eontensdelivery s bilomplin s spiad ster 2 longer period of
ban dwtﬂﬁé‘gclcfs@%ﬂa ehti@ ITORRIS thé &dttént %ah&rthﬁat/i &erﬁm fraction of it

achi eves these two objectives by perform ng

f ol | owletegmingd byitheinaxinven perimissible delinsrplatanoy, dug ond ddrd of

a st r eoben L e fuelsEchs p sl iifent astivery i

per m sgidatied @et, M@ thérdBleaabledithe AitiitiRiot @Biveo prévide service to
delivered to all clients at a | ower-than-full .
a larger number of clients during the peak load interval when the content at its

D0

basic quality level, is pushed to all clients.

2. Reduce the deterministically (i.e. for-granted/surely), distributed
common representation of the content to a minimal data set enabling an
acceptable presentation quality. Reserve the subsequent distribution of quality
patches (enhancement layers) to clients actually viewing the content or who are
more likely to view it sometime before its expiration. Thus, since only the “for-

granted” delivered minimal representation of the content will be wasted for the



quality level still enabling an acceptable
presentation quality. Then, rely on content
wO cesumopt i on tine diversity” to utilize the reCEUSI008023980
life-time of the content to degiver quality-patches
(i.e., enhancenent layers) to the clients. In this

manner . e .pher-subscr. - t . transm ssion
padgerctha SR o VRS JBE pR G S Mo SRRy Bhgeet

at f ul(barswdlith) will Be fqdoesad over a | onger period of tine
(close to the entire Jife-time of the content rather

tlA86Y1a shBe pontery drapypisyen pysters pess d sqalgblsyenrpeeniption afithe content

. i _ . o . T
REASR B RE A ik A0 rf Scioh ey ppision
tshtemnachients tHedeiobgcyivesbyspenforiedg aetor neorel of the fetloviag steps.
enabl es the distribution server tofi{)?r Qvi de service

to
a | ar g1er n 'fall‘bt'he Cpntenfin t}&ﬁmn@t/ gﬂwggg s?réfgrom scalable format.
i nterwval V“J@c"kcﬁé?ﬁléﬁ%ﬁc%@t‘i’mgftichstt ?nﬁaﬁ%f%gsg Wahdrhi¥ td AV&Eminals the

is pushed to all clients. 2. Reduce
det er reoniest ingaiakig/pteliminarfyoiorny basedenl/ it seallahle format (base layer).

di strijpute omon_ .representatjon .of . the cont.ent to a

i e datIGLE DRHGH G-l eh Gy a eSS BoURY 48 epfraded
qual i tpsrtidResTahY Sorktdie of the 2afakEInteit, The lelBinaPR R s the distribution
gual ity patches (enhancenent |ayers) to clients

act ualseiyertheaugha hanl-chamebipliok) tetpoovddea rafinementde|the ¢antent,

onty RREBPEL TP S G obd aPbBR horhl i £ dbmualifrapoes
q00681e CThé &tire Bhdellayee oNesiseslable kegréRalationbsthekeentdt, possibly
not view.it, the percent age of wasted transm ssion

opeded patdramindehiwith Tespestiortipglpotion @iy pnhprecragh layst,
.S S tal | f
PRARSE RleRbrEMiHnaty) MRS MBAAPI o] CAREREA Bk o an
anbsceibtred Thisrtasic tftren pronidenthetfoAosingssi on system
achi eves the bj ecti ves hy perform ng qne or nore of
the fdtl owlhél?@fsetbsreqﬂre ¢liesy of & sranmBied ditee of cofgnt to the
cont e@flﬁ%ﬁﬁé&j buti on server in scalable format. 2. At
schedul ed unicast/nulticast tine-franes, transmt to
al | t & m nat enablee a pralineinsryiviieveinp af ihid piced offdontent fofr possible
based on its scal abl e fornat (base.l ry. 3. en a
ot daPsion Btk i Melel e camEnoshonibe ey L Shextended
ext engedodef filhen of the content or the entire content,

the termnal inforns the distribution server through a
back- hannél provides akjsia Gatpfanionyéaceeptaflé)deved of quadity fos viewing

content.. conditi oned on the,.st.ate of the dj str.i bution .

S orvertis pleg? SF ¢antileTh e ey Stifirfondiervel fyflsE horants to Povide the
ent i r grebiesi@hd)ayiRinceieht 18y ¢@h phitiRulaC PIREEHY: Ak b 8dTirkinent.

t he content, possibly appended with an initial (wth

1A% ct Yo expmple, talsingiaghipisnl k: hbardyridihaete hetweety e base and
enhancement layers of MPEG-4 Scalable Video, the following approximate upper

bounds to the expected performance increase through utilizing one embodiment of the
content transmission system can be illustrated as follows.
[0070] Assume that the content clip in the present example is encoded again at
32kbps, but this time in a scalable (both audio and video) format. The individual
bandwidths of the content layers are as follows.

video_base: 12kbps;

video_enhancement: 12kbps;



provides a basic/prelimnary formof the content to be

transmtted for-granted to all subscribers. This basic
wo oooaoproewi des the following. 1. It fulfills tPEr/US2005/023980

required delivery of a commtijed piece of content to

t he subscribers. 2. It enables a prelimnary view ng

of this |ece content for possible decision nmaking
as to V\ﬁlf %?133? l?{t?g ’content shoul d be viewed for an

ext endgdiop@ihapstn@dnt:tdkeps. 3. It provides a basic
&satlsf actory/acceptable) | evel of quality for view ng

#0741 pi lwuring opcsaiaaf th%SYé'ﬁ’gemﬂ%OTQ?%‘ierWl@Umeé‘ﬁs%@F@ er
h&fn?e'ht@?‘f Cﬂ&l‘lﬁﬂtﬁ(ﬁl YL § pﬁt tlafér at B€)ooregate bandwidth
ar s u e

anceneh Iayer a par I ber
roéﬁ6mm ﬁeln{eﬁ@ﬁ@r]mﬂ%ﬁrprelmlrfaﬁyerepﬂeedntat@na)f tthyeodomednt o 41l

bandw dth rati o between. t he base and hanc n
ltegipanals. Jforoppiple, TauyTHiting fiye guputes Al 6bp mfcﬂ%é” per client
HRRLAXLOR b Ougﬁ&sd@ﬁ&uns&%aaothtefaestﬁmﬁeetse%pﬁa; PhARAfRion

i ncrease t util1zi'rng  one enbodi nent of
cbatnehthat haarsendwidsin of 1bpsywdach ib ean mtilwetfon]: Mlmses A very

fol.l ows Assune .t hat in the

L Rl fein SR et va darertost e Auppier BEAiPpiifierminals
Lt Mowd. @ scal abl e (both audi o and vi deo) forrrat. The

i ndi vi dual bandwi dt hs of the content |ayers are as

foll O\omi '9%@41@@)5)84 obil RRBoMY /1088 QW@Z%W%O%F 128

12kbp bps audi o_en

S I BRESAE B °5'{19nﬁ%’a§5rﬁ§% T -

sember oflidiefts @Bnpaited o tirenvayienalaystam dugigp egatcak load interval of
bandwi dth of | kbps to deliver a conmon prelimnnary
]éep(il&léh‘ft“&tlilfiﬁwoﬂﬁ‘ the content to all terminals. For

l e NE}{taﬁ]?ﬁEﬁlﬁﬁ&ﬁsfrﬂa\ﬂ@o g){e Pﬁgghgﬁéggc‘ﬁtﬁ(ﬁsﬁh%?%@udget

per ransm ssi on bu Agal n
(TB} o1 Hmﬂwmth $arboth cdzas Asshmrn]sanfsxsuhe nowsidenetbdontdna type (and

h bandwi_dt h _.of | My f
PR B EmoAng BpysiSly PTiaih olhet AsiADh SATRal L0% g teciggdimer
?»g?l?ﬂgt\}\(gﬁég Fig%@ﬁoﬁ ﬁqu%ﬂ@erof%e RHURP At BE Jﬁbmlﬂﬁslr% 11%§e=r view a

X 1'Mops) 4800kb = 600Mo / 480
(B0 ok cdrf@t Xkiting itd §@Otune =The®asibd $Bstves On]yepartawhly viewed pieces

§gﬁq‘}gé nt Bg f]e%télr}]ﬁux(r:lggc{ 51?& thgsrpaerr]cS rr}asgg Iﬁogﬂres%%ita percentage wasted
TB” can be defined as follows.
wasted TB % = (TB utilized for never-viewed content) x 100 / (total TB utilized)

[0073] In the first case with non-scalable (single layer) content encoding, the “TB

utilized for never-viewed content” can be derived as follows.

(TB utilized for never-viewed content) = (TB per user) x (number of users not

viewing their content).

Assume that (BW) is the total transmission bandwidth [kbps] available to the
distribution server, (AT) is the initial time period [seconds] during which all clients
should be delivered the full representation of the content, and (n) is the number of

clients. The TB per user can then be expressed as follows.

TB per user = total TB utilized / number of users = BW * AT /n



nunber of clients conpared to the conventional system

during the peak |oad interval of the distribution
woeaso199 [ 0072] Next, a calculation is nade OPCT/H82005/023980

percent age of wasted transm ssjon budget (TB) or

bandwi dth for both cases. Assune that for the

nsi der ed. cant . e 1 ' a c

AT HBREaRPRRY e bRE et s KR TROPRY. Togpe 1

ulfitizE&DS YeRs - vikamd @htedl’ daabeaxpreaetiasoliowependent  of

t he actual nunmber of consuners) never view a piece of

cont enty gilided Jor devel-Vie®el chRent FN@BWRSAEANY Bodige: 4 £ 0.10 * BW *

only partially viewed pieces of content can be easily

| unped\Tinto this percentage figure and a "percentage

wasted TB" can be defined as follows. wasted TB % =

(Filkyt uddez 8 dbove asumptivise thed peoentegs Wasted B for(thefiest (non-

TB.utilize 0073] I.n the fiyst. case with
Stk o Bt sdeBmis b P e el S0t ng. t he T8
utilized for never-viewed content” can be derived as
f ol | oweasted B va T (¢-3@4 B AbVetlQ/ BWJ 2Bt &viy = (TB
‘per user) x (number of users not viewi ng their

dotdnt ) Refagingmove Wathf emlwdirr@nt ofethe pendentitvansisission ispiem using
SRS Gl SRR A Ak S Bt PR, B Rl i

ah hcodtdaB6d with levdedctiteddehbodahads, the “TBIutilized for never-viewed
representation of the content, and (n) is the nunber
&pntent” sar be exmessslanifloyser can then be expressed as
follows. TB per user = total TB utilized / nunber of
user s TB @ilized i neverrniewnd aotent st (inisiak ‘Gomgrantgid 2 WiBmyr user) x
their content is equ?l

10 * n.).. he .\
w11 264 Tor never iR SS RO iR ePlE0. 4 s
o R b LB B S
AN SutRASERERE, i(ﬂ'@f is thd'Bit1d Eihfeiiehiod Psebbidst durliky whizh afl riEgents

first (nonscal'able content) scenario can be expresse
abofld bt deleveredathet prelinBnssy-refresentition Bf\he coment;, and (2n) iy Bo\humber

* DI .= 10%, [0074]. Referrin ow to the enbodi nent. of

©h gh hEENT g‘}leg"é’ﬁg“ﬁl} E%‘f%‘ﬁssé%%’é GRS AT Al 88 ﬁilg’%ﬁ as
R6wA battled AR LRI cUfre AN aRPlRANES B PliodsaY RIS, Welihitidl Yor-granted”
bandwi dth ratio) in accordance with the descri bed
difbpativaerrees be expresspB ag follovised f or never - vi ened

content” can be expressed as follows. TB utilized for

never initigh{tfor-grantedh TB-pef ser = tatal Infitial tynemissidt bidepetilized /

user) x number of users = BW * AT/ 2n

The number of users not viewing their content can be expressed as (0.10 * 2n). The

“TB utilized for never-viewed content” can then be expressed as follows.

TB utilized for never-viewed content = (BW * AT /2n) * 0.10 * 2n
=0.10 * BW * AT

[0075]  Itis interesting to note that as an absolute quantity [number of transmitted
bits], the wasted TB in both systems did not change. However, using one embodiment
of a content transmission system as described herein, the overall TB utilized (as well as
the number of clients served) is larger than in the conventional system as described

below.
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TB per user can be ‘HP sed as follows. initial

"for-granted"” TB, per user = total initial transm ssion

pesgerng 2 {11ibaadmidtiniatigdetveten bges and-enbygcempnt layers, tip Stotal TB
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follows. TB utilized for never-viewed content = (BW*
DT /' 2090 * 20 *XBW * AT 24).<1090 * BN ™ BF [0075] It is
interesting to note that as an absolute quantity
[EHéfI?%i’uttﬁ{g atll'tﬁgﬁmxtettﬁgetﬁért §] erEJﬁ g@%ﬁq TH fo tk%cgrﬁbodlment of
systens did not change. sing one e

eaJalabhmnnﬁmfsm@nbsmplemedgs Gdbovsi bed her ei n,
the overall TB utilized (as well as the nunber of
cl i entwasserRR8) =(&10 zirBer* ATph 1007 (BW *cATWwa190 BBV * AT)
system as descrilf ?I g é) total TB utilized = total TB
utilized initiaT @ gliiénmnary cont ent

represent ation) + tot al TB utilized consequently (for
quiersfesppbased pithe stated Hlugiraftycassumptionsdhs embodimentoof the content

AR R A ERRDE R Ning Eks sl ek by i pgentionl

tspstesmnt i r e enhancenent | ayer data to all users who

view their content. This yields the following result.

0.90 2n * (I8M¢€ thebrigirdMurmb&- STRubRéfiberPEat BSidrved during peak load
putting all_ the above toget her, a "percentage wast eg

TB" for théim@¥bodi ment of the scal abl e transm ssion

syst e can fig B%s%&gggﬁw%g@b i§Rcd bR e

Tobtea;  avitdegud i Sh Sevied Gttt atop exkieeribed
@ai¥oditientd 1V AIves) QPniSY &l @Al ﬁﬁﬁb@i‘éﬁqmbﬂ& on@hé QHfiRG0h WP

core advant ages over the conventi onal
memory resources. Since the received content at the time of its initial scheduled

unicast/multicast is at a lower bandwidth, the amount of memory required for its local
caching (until its consumption) will be proportionally reduced. This implies that the
same terminal can receive and accommodate a larger number of content items for a
subscriber’s view-or-not decision-making and consumption. Thus, an approximate
upper bound to the increase in the available storage capacity at the terminals, based on a
1:1 bandwidth ratio between base and enhancement layers, is that twice as many content
clips can be stored at the receiving terminals when using an embodiment of the content
transmission system as described herein.

[0077]  Inmodern digital communication, transmission/reception, storage, and
computation i.e. processing, are the three major contributors to power consumption.

Stemming from this fact, various embodiments described herein have immediate
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od i euarenbmvention, fy sibetgstial gowar savings in thegeenery subsystem of the
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as t t ' .
068150 (PRG: £ RS LHERNA Siock zBRnl bl d rebBDfheltlminal 400 for use
stifohé embodiynenf of ecoatent trgnsmissichiyaténa futreikamplel ini drie@imbodiment
IR A A TR N T CTLY M———
td'oﬁfgfri's rpi%@é%&iﬁ ld%ice402' %%E@%séﬁ{g&é infeftheds Iz194, content layer
I VI ng na reduce

rec ter and hence power consunpti o
hyemory 410amsiteinsexivdr dagic 406)alllvonplsg éxdn interntd tdata bus 408. The

st or.age, advanced power-.effici nmory, archi.t egt ur
JueHogdop e rodts i ST Mt dpet 412
afHil e @lidodoBple@ She WM 1R 40821 | abl e deep power - down
node, translate a reduction in the anmount of necessary

d80 st obmee dr neore tmbodizneats, thegroasssiyg logie #Rrcopwrises a CPU,
enabl ed trtwou h aélgrarti cul ar errb%di metnt .of 1t he, current
RO ORI 15 BEEYAT CEIC WS YEririitw ﬁ?&%n%?&’@me’
SBRY sh P BdrAbinktie ¢fHRRIWAre 8nd SITRVAE This, fidlgrdcesding logic 402
reduction in the anount of surel y%@rocessed data and

@snerelyi epmpises degie tosape srebinencasisbleynatyictions.
C[%%(H nCtirRp dWiéehrepoql\{k@é’s aﬁﬁ fiﬁt&Jffcrég 404 comprise hardware and/or software

that allow the terminal 400 to communicate with internal and external systems. For

example, internal systems may include mass storage systems, memory, display driver,
modem, or other internal device resources. The external systems may include user
interface devices, printers, disk drives, or other local devices or systems. The device
resources and interfaces 404 allows the terminal 400 to render content stored in the

content layer memory 410.



processor architectures, enable further power savings

in the receiving termnal. [0078] FIG 4 shows a

wo eovediml bl ock di agram of a receiving termPel/UgD05/023980
for use in one enbodi ment of azcontent transm ssion
system For exanple, in one enbodi nent the term na
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r['@6§E ne, Tﬁ@ﬁﬁﬂk@éﬁrer 1%?{1/ 406 c@ﬂ%mQ&'ﬂ%&d@éxb Qha/ef scﬂﬁ&zﬁié‘ﬁfaﬁo erate to
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adloprthe tamins 14@0 tqatrmsm@mé rmm data andadbdylieformation to/from
The de e resourc
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% Wie'tr ngcpe‘ii&e{i[g n@é 4% er ec‘%l% %ﬁrﬁlmbde?vk ér%]p%sg ép ftﬁ%st transmlssmns

er na ser

mvem é4ts netdvoslk frdd Mﬁ:sQr nidre Qbrtert digabitichéethvess Tie transcewer

systens.. The devi ce resources, and interfaces 404

éP%ﬂBG plse compHsssdpsia fotrmsnicntnsmation pysia datagickyorkpr to local

t yer nmenory 410.[0081] The content | ayer

ﬁ%ﬁ%gé;mfsg&tgggnpr ises RAM ROM hard disk, FLASH

r[ﬁ@ﬁm y, @he devpdingegiott]ldeomprises asp uerbinttiat offtaiydwae and

us to, store content, l ayers. I n one odi nrent,. t he
’%Wélf‘?tth?‘ toparatesdp degade &piiapt [avess regeiysd gb thertammRali400 Far

te&érﬁgfé‘ Hdﬂ%%nﬁﬁgﬁﬁént dagfenﬁfégé@ R reEél@ecfe?c %{'m @Y J0Pand stored

onprise au
mmememoxammi ddmeicontent layersiedraprise adrage fayenatd doeat nivas

A0k ks T RAERso by Gpocdy Dot tpe 4 contols

Thd QoG 168E TIPE dAB8e iy dralbTihd bAB Qnd @ﬂfahé’é?néiﬁ'ia@ers to

and other informati on to/from external devices or
pyedueerdecaded centemtishat can herandered ositheierming] 4004 J®r example, in one

compri ses 1 o e _da and/.or, ot
CRPBRARER sh Berbot SodrR i B o BRI aeRlen Boqurocs and teaces
t4oansmtted from ot her devi ces, such as content

di stribution servers. For exan‘pl e, the termnpal 400
1e984lse Thereguesh fansmitter logigidd 2 &empflwra@y@pmbnaﬁgwn of hardware

Qﬂgpgﬁwﬁfe, éhr(].l' o%%?attesq{) tﬁHéntn't ?eql%sté {Oa&%rgr ?r?drg Bfstribution servers to

receive encoded content. For example, in one embodiment, the transmitter logic 412

transmits a request to a distribution server via the transceiver logic 406. The request
comprises a request to receive one or more enhancement layers from the distribution
server. The requested enhancement layers may be used to enhance the rendered quality
of a base layer that is already stored at the terminal 400.

[0085] When the distribution server responds by sending the requested enhancement

layers, the processing logic 402 operates to control the transceiver logic 406 to store the



over a data network from one or nore content

di stribution servers. The transceiver |ogic 406 al so
wW@ovp01®es | ogic to transmt informati on over BCTHESH05/023980

network or to |ocal devices apg systens. [0083] The

decoding Iogic 414 conprises any conbi nati on of
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rocessing logic rols t co
fietfuhctichat cldments iesuribad inagfe hiaee b\aﬂmu'adﬁiflaﬂﬂgaft‘mm tlEn;bope of the
| ayers. to produce decoded content that can be rendered

gescrhed empodipents400. For exanple, in one enbodi nent,
6gecoﬁﬁf;i LR Yne b BRRGE 64 HEtRE sbb %ordcg, fa‘fﬁg a receiving
eso uest

rces and Interfaces 404. [0084] The re
tterantisakit 0wy erhloglimerdtict ao:on’pnt Emm;orwmbrm ation of
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[FBF Eta¥i6h1& Tk OHE BmBOMhRAE, a cbRent@ARE] @ch hdsePR® 102, transmits the
enbodi ment, the transmtter |ogic 412 transnits a

Foecglemr to thealegicstand s reseivedby the tmnaceum logiaA8E elnvame

20 e BRI At SRERL bR Be Sabi Shh SRR
%@édﬁﬁfameﬁibej d FUes besll 61t aidee tnHany@nént M¥rde used

to enhance the rendered quality of a base Iayer t hat

.[@08§ﬂ r eatibloeloped the devire has theitingg layerandmupgspdemtbacarignt. For
%&é' bﬂt ) ?%p%%ﬁﬂr%nt,ttﬁégﬁ e{;% stotlh hﬂ;ﬂe B%g'?rrg%'@ ﬁlﬁ(ﬁ%ndered

cenen ers, essi1 ng

Toﬁ tieoddvicel byt fﬁlet dgcading elhe/bﬂ’se layet W1t14 ﬁﬁng meSde@f)ding logic 414 to
t hereceived | ayers in the pepory 410. Once recejved,

Prrducederoded @@?Fﬁaﬁ@éh@hienﬂmtﬁ% deroded aententain thy deviee
deBRlENEh 1 %ﬁcﬁfﬁf qf {Hqu?ﬁgog fén?ﬁ:ﬂﬁ&%g vﬁﬁlacfw ?%@ layer is

be rendere term anced quall
latceptubid, dr ifehaddvict Ushiat¢hobkes IIDEtomlem theddvirtans, thersho funther action
enbodi pent _and that additi h es, del etians,  or,
mea?cggﬁ BRIt TRcaeih A Bl 2o E e lexicquss g thripw the
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escri bed enbodi ment’$. [ 0086] FI 5 shows one
0089 nem block éoﬁrehmdﬁ}n®0ansmﬂs apwuestitntheserver tai olitaig one or

term al nee di nent . of cont t tra

inpaB e of ok gpsd capaenerper PURTLSLIE pent o
tbe Qle%atvﬁﬂi erlitnéRCRIaURd Rk ekdi@pleaté fquedt@angidePlogic 412
one enbodi ment, a content server, such_as server 102,
transmity a eequest to a distribution server via the transceiver lo gic 406 to request one or
more enhancement layers.
[0090] At block 508, the device receives the requested enhancement layers. For
example, in response to the request for enhancement layers, the server 102, retrieves the
enhancement layers from a database and transmits them to the device. The
enhancement layers are stored in the memory 410 and used in conjunction with the
previously received base layer to render the content on the device. In one embodiment,

the received enhancement layers are not stored on the device, and as a result, more

services and other noted advantages might be achieved. The decision to store or not
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not to store is made by the transmtting server.
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[0094] Accordmgly, while one or more embodiments of a system for content

transmission have been illustrated and described herein, it will be appreciated that
various changes can be made to the embodiments without departing from their spirit or
essential characteristics. Therefore, the disclosures and descriptions herein are intended
to be illustrative, but not limiting, of the scope of the invention, which is set forth in the

following claims.
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than just the base |ayer alone. Thus, the system
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Is rendered. [0092] In another enbodi nent, based on
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speci fic request. For exanple, in one enbodi nent,
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ﬁ&f rious enbodi ments. [0094]
kg%%@gigﬁgdﬁgé [ deﬁ%bne or nore enbodi nents of a system
for content transm ssion have been illustrated and
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descriptions herein are intended to be illustrative,
but not limting, of the scope of the invention, which
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content .intog a base | ayer and one or_ nore enhancenent

|the/Eansmissionis FrRgparegt touserspfdhg %@@Fedtrscqlﬁag HRBIRAS. nor e

receiving termnals; receiving a request for from at

| east sone e shothflof ifh 4) el din 548 el tHE IR Byer

enhancenent | ayers; an

comprises transmitting the base layer and the portion of the one or more enhancement

layers the selected criteria comprise any combination of criteria based on the selected
criteria, wherein the selected criteria is selected from a set of criteria comprising
resource availability, prior usage of content, consumption patterns, statistics,

prearranged contracts, and terminal registration.

6. The method of claim 1, further comprising:
receiving a plurality of a plurality of requests from a plurality of receiving

terminals, respectively, wherein each request requests a respective portion of the that
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10.  The apparatus of claim 8, wherein the said transmitting logic operates
transmit the base layer and any portion of one or more enhancement layers to the one or

more receiving terminals.

11.  The apparatus of claim 8, wherein the said transmitting logic operates to
transmit the base layer and any portion of one or more enhancement layers to selected
receiving terminals based on selected criteria, wherein the transmission is transparent to

users of the selected receiving terminals.
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means for transmitting the base layer to the one or more receiving terminals;

means for receiving a request from at least one of the receiving terminals to
receivefor one or more enhancement layers; and

means for transmitting the one or more enhancement layers to the at least one

receiving terminal.

16.  The apparatus of claim 15, wherein the said means for encoding
comprises means for encoding the content into the base layer and the one or more

enhancement layers using a scalable encoding technique.
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THE he rRausstiadof ¢l ai m 15, further conpri sing:

means for transmitting the respective portions of the one or more enhancement
layers to satisfy the plurality of requeststhe more or more enhancement layers to each of

the plurality of receiving terminals to satisfy the request associated with that terminal.

21.  The apparatus of claim 15, wherein the said data network is a wireless

terminal is a wireless devicedata network.

22. A computer-readable media comprising instructions, which when
executed by processing logic in a distribution server, operate to transmit content to one
or more receiving terminals in a data network, the computer-readable media comprising:

instructions for encoding the content into a base layer and one or more

enhancement layers;
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resource availability, prior usage of content, consumption patterns, statistics,

prearranged contracts, and terminal registration.

27.  The computer-readable media of claim 22, further comprising:

instructions for receiving a plurality of requests wherein each request requests a
respective portion from a plurality of receiving terminals, respectively, wherein of the
each request requests that one or more of the enhancement layers be transmitted to a

terminal associated with the request; and
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31.  The method of claim 29, wherein the step ofsaid receiving the content
base layer comprises receiving the content base layer and any portion of one or more

enhancement layers.

32.  The method of claim 29, wherein the step ofsaid receiving the base layer
further comprises receiving the base layer and a any portion of one or more
enhancement layers based on that have been transmitted based on selected criteria,
wherein the reception of the any portion of one or more enhancement layers is

transparent to a user of the receiving terminal.



31. The nethod of claim 29, wherein the step ofsaid
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36.  The terminal of claim 35, wherein the said means for rendering
comprises:

means for decoding the base layer and the one or more enhancement layers to
produce decoded content, wherein the decoding reverses a scalable encoding technique
used to encode the base layer and the one or more enhancement layers; and

means for rendering the decoded content to obtain the desired enhanced quality.

37.  The terminal of claim 35, wherein the said means for receiving the
content base layer comprises means for receiving the content base layer and any portion

of one or more enhancement layers.

38.  The terminal of claim 35, wherein the said means for receiving the base
layer further comprises means for receiving the base layer and a any portion of one or

more enhancement layers that have been transmitted based on selected criteria, wherein
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