1 MANAG NG VI DEO ADAPTATI ON ALGORI THVS [ 0001] This application clains the
benefit of U S. Provisional Application No. 61/187,396 filed on June 16,
2009, andwalew/aB@s8ns the benefit of U S. Provisional Appriusatiooss7se.

61/ 232,562 filed on August 10, 2009, the entire content of each of which is
i ncorporated herein by reference. TECHNI'CAL FI ELD [0002] This disclosure

relates to digital videq cadi and, nore parficul arl t echni ques for
controlling video codylﬁ\é\l‘?‘ !@&MRT%&QAH%‘Q%HM%% capabilities
can be incorporated into a wi de range of devices, including digital

t el evi si ons igital direct broadcast systens, w reless comruni cation

di gi
devi ces, pé@@ﬂr}ugﬁhlﬁjiagpltcatlmaw@@ath@ sbep § U.Papropsieriptprlicstion ¥kt op
conput ers, i e e i Qi r i-ng.devi ces,
ol T ul ar o A7 apPE: BRUAS FE;208bolddiuiss BIRRS e Wnlht & Ui IR0 ORI G, oo
can provi deAiligatidn Nend 1/23m56dveie mvhsAwust 1¢00enth: @ndte @nadnogf victled syst ens
in processing and transm tting video sequences. [0004] Different video
encodi ng st dHehsdecorRRyated bets et BiiPased for encoding digital video
sequences. The Myving Picture Experts Goup (MPEG, for exanple, has
devel oped a nunber of standards including MPEG 1, MPEG 2 and MPEG 4. O her
exanpl es include the International Tel ecomunication Union (ITU-T H 263
standard, and the energi ng | TU TTRCRYIGARIIEAD and its counterpart,

1 SO'1 EC '\/P%@g 'Ig)l?sr dischQsurd rdfates f%‘dd{gl@(ﬁ%gdew Q%ﬂﬂlg%m @gregllﬁ\[@ulary}?écﬁa}ﬁ%gse 0
encodi ng standards support inproved transm ssicon efficiency of Vvide
sequences lyr @ncotingyidtetcading ratcconpr essed manner. [0005] Dynamc rate
adaptation techniques are used to adjust the nunber of coding bits, i.e.,
the coding rate, allocated to a video stream Coding rates nmay be adj usted
to ensure that the encoded vi deo sequence conforns to quality requirenments
and/ or changes to the avail abl e baBaWlGROIANBed by varyi ng network
conditions. Sonme rate control techniques are designed to produce a constant
codi ng r at ¢0003hiDigitadt video rcapabild@atdanl bd écorjogated iavea dadé gaad dfodprioduce
n n Lity. namc .r ion
constant qlfl?clu&i%{g d%{ta?telgvisigltls? d?gqt% tdﬁ’tectobroacgcast systems, wireless communication
devices, personal digital assistants (PDAs), laptop computers, desktop computers, video
game consoles, digital cameras, digital recording devices, cellular or satellite radio
telephones, and the like. Digital video devices can provide significant improvements
over conventional analog video systems in processing and transmitting video sequences.
[0004] Different video encoding standards have been established for encoding digital
video sequences. The Moving Picture Experts Group (MPEG), for example, has
developed a number of standards including MPEG-1, MPEG-2 and MPEG-4. Other
examples include the International Telecommunication Union (ITU)-T H.263 standard,
and the emerging ITU-T H.264 standard and its counterpart, ISO/IEC MPEG-4, Part 10,
i.e., Advanced Video Coding (AVC). These video encoding standards support
improved transmission efficiency of video sequences by encoding data in a compressed
manner.
[0005] Dynamic rate adaptation techniques are used to adjust the number of coding bits,
i.., the coding rate, allocated to a video stream. Coding rates may be adjusted to ensure
that the encoded video sequence conforms to quality requirements and/or changes to the
available bandwidth caused by varying network conditions. Some rate control
techniques are designed to produce a constant coding rate, while other rate control

techniques are designed to produce constant quality. Dynamic rate adaptation



techni ques may bal ance coding rate and quality level, and be responsive to
net wor k congestion conditions and video frame content. SUMMARY [0006] This
di scl osurwodesxrs@8es techni ques for nmanagi ng dynam c r aPeTASaPNABE766

al gorithminplenmentations. In general, the particular dynamc rate
adaptation al gorithm used nay vary fromdevice to device according to the
i npl ement ati ons offered by devi ce turers. However, the devices
can use t e BRI BEYdralats lagicy qeawseﬁateoﬁndga F'«fli ¥ de bk KSPAZTE VePrthg
characterlQ%hggnggg&ug&ﬁgahdgngoqghkqbggﬂpe of the inplenentation-specific
dynam c rate adaptation algorithns running on the devices. |In accordance
with the techni ques described herein, the dynam c rate adaptation

al gorithns expose a set of paranete%ﬁghgiéggetmork operators nmay use to
nodi fy the operation of the dynamc ptation algorithns. [0007] In
one aspect, a neth conprises receiving, hy a nedia device, a value for a
first one d9006ldi hllﬁr QISFWHT@f d@éﬂ'@%t%b@ﬂ&%f%r BlapgHng, GyAREICa FipgRpation

al gorithm r f a
metor k and Rt fnb ok e ARk ALLL AR URERIY S RB4FAN0) HeBRRne ) &
condi tions uadftdnfai;aeiagl froml ciletvyceotb deoitk rastorgaganahe implembetagonms edabd bjr thdhe

plurality of control araneters sp ies a threshold value or a
val ue t hat 9EHSE md aéPUrr%fép SCGY: ﬁ‘ﬁe‘leﬁ’%é caRy APt &S WlangBEF%HP elft R

net wor k conrehrdi b angetwdfis H% Qarfyﬁfgt B2 GQTRCE 388 FREL MROpddiGinfahESbr GRNT T Ol
paraneter to the val ue. n anot her aspect, an apparatus conpri ses a

rate adaptampbnmnmduhep@mﬁ@dwgmngraepduﬁakmuyguﬁhmmmmnnmgpmﬂ@n&W&ms In
wherein the rate adaptatjo dul e ni.fo candi s of a rk.and
BRI T e L S B O o e Lo et A
and the pl ugkithifs @kpdsent §e@lof RRrAERsS that NMRESIRI dheRAGH My hitetddhdbE |tﬁé/ of

control paraneters specifies a threshold value or a timng value t
control s aOpé@b@hQéthédetlfFfélCrf&ﬁe@daIﬂatmlmngfﬁh@Bgor| thmto the networ k

cond 1 ons. R (RBRETEIAE  HLARSTORRIRLI RE8Aechl ShBLECPLES @,y 2L e

for a first contro ters an e flrst

control parasminelof b@lﬁrbl@ty\b':fbumol[ﬁﬁﬁﬂdteﬂs fﬁoraenﬂltéﬁﬁfapaiﬂbﬁ algorighralevhed€in the
conprises neans for receiving, by a nedia device, a value for a first _one

of a plur a|ratwdaﬂta%mlg@nthﬁlamaa@réf«‘@n%@nSapfraa@eéwaata@mdaﬁdﬂlaﬁﬁ Brefing faerpf
wherein the g&h& %H@o‘%feﬁtﬁa%had g?ﬁé thR}z L&A n%OQ%Rh@ ur‘afl E‘eé Wabk and

adjusts a coding rate of i a enco ase |t|ons
and the pl pasimdaors, oWheercmhrccﬂ thpanhaamyemfscqntmh@afanreteeasheomﬁlestmdlrpdhoitcal ity
of controIVp@%aneters specifies a threshold v or a tjnlqgg{ague ﬁhat
control s a PREFSASENEE A5 thaf conkig %aﬁspweafé - T RSP tOR SRt 1R the

condi ti ons pedNRk deNdifEnd UFicNREhOD GRS TBRRS séBihg SRL filsNebifa pdhfneler &N T O
paranmeter to the value. [0010] In another aspect, a conputer-readabl e

st or age nedhavalennpri ses instructions that cause one or nore progrannable
processors evice,. a val ue t one.

Do e oy Shous T FhatBer e, AR risd B QapBlioR s seliTiahia & 1

the rate agaph ldfréoaﬂr@qfatetdmmwhé@fn&h@ edtd bldppnronchodul & alonbls @Agitioad ust s
a coding rate of a nmedia encoder based on the network conditions and the

plurality of asaswosk apéraaiwﬁeascodmeraé@ of eaatedigf craederppaped| an heopetegrt r ol
par amet ers fcé{&ﬁie%bﬁé ?x?d % ag(u?%ﬂg aclo% Jf Pg mt%teE% ”{!vﬂé%e];éaéa‘d Congllﬁ&% i L@h

response o ori ’he nhe | on
instructiO@Snﬁ@ﬁﬁmwmda@up@n@ﬂﬂimmmﬁmﬁamhmagmaHHH@h@h&nba&%&@bﬁah@qﬁﬁmethe
first contrql paranmeter to the va
of the rate adaptation algorithm to the network conditions. The apparatus further
comprises a client that receives a value for a first one of the plurality of control
parameters and sets the first control parameter to the value.
[0009] In another aspect, a device comprises means for receiving, by a media device, a
value for a first one of a plurality of control parameters for a rate adaptation algorithm,

wherein the rate adaptation algorithm monitors conditions of a network and adjusts a

coding rate of a media encoder based on the network conditions and the plurality of



[ 0011] The techni ques described in this disclosure may be inplenmented in a
digital video apparatus in hardware, software, firmmvare, or any conbi nation
t her eof IWOizoples@Bt ed in software, the software may bePexasatiewn3s786 a
machi ne such as a processor. The software may be initially stored as
instructions in a machi ne-readabl e storage nedi um and executed by the
machi ne to support video coding rg%ggtdaptation, in accordance with this

di scl osur e SOPERI1PAARHE S PALTCET 67 PIFIRY O £9pirels PHPICIES EPcHidi it ques

are set forfgidl WMARAGCIMRAMY R @Y BT [ABoleSEr HRL R0 RGhaMen O her
features, objects, and advantages wil| be apparent fromthe description and

drawi ngs, atgdrithrone theenatwvaiknend BRhEF TDESCREPTUrdNr GFIDRAWCNGS Jrootiag thkt G 1
is a bIockfd%a rqﬁ)illustqat%ng an exenplary network that operates in
accor dance IR F RPN §iRs ¥ cri bed. [0014] FIG 2 is a bl ock di agram

i1l ustratingom) 18%a6Bbeadebea RPuR-radidbM H8apd alediud@lcoMpMbditnstRicBions
adaptation algorithns that are nodifiable using an exenpl ary provi sioni ng

server accdhalicagsetane of e prpgsameeble mirgrsgsoietogicpcive, Gy e devige.i asvaud| ock
diagramil | rating. tabl f exe r aneter ha . be  us in
accordancef§§%ﬂﬁ%%89?é@ﬁh?@%%gy eéggﬁﬁgﬁ?aﬁga%%ﬁ?ﬁ%f‘?a%%ggﬁggf%%¥§%h’

al gor i t hns .whefeih GRELBte bddptatibnl Hg@ith@nmohiddre dogdidphs of b wstwaak iand adfistspl ayout
margi n as used according to the techni ques descri bed.. [0017£1FIG..5 is an
annot at ed §PEIBE Al Afst Pediangncancrebaspphior the Megek craditipnoard theaplusdigh A t o

the techni %Hﬁéoloﬁargﬁ-bt%rsgivﬁfelr&ﬁ WaCh of the plurality of control parameters specifies a

threshold value or a timing value that controls a response of the rate adaptation
algorithm to the network conditions. The instructions further cause one or more
programmable processors to set the first control parameter to the value.

[0011] The techniques described in this disclosure may be implemented in a digital
video apparatus in hardware, software, firmware, or any combination thereof. If
implemented in software, the software may be executed in a machine such as a
processor. The software may be initially stored as instructions in a machine-readable
storage medium and executed by the machine to support video coding rate adaptation, in
accordance with this disclosure.

[0012] The details of one or more examples of these techniques are set forth in the
accompanying drawings and the description below. Other features, objects, and

advantages will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a block diagram illustrating an exemplary network that operates in
accordance with the techniques described.

[0014] FIG. 2 is a block diagram illustrating an example video server and video terminal
having rate adaptation algorithms that are modifiable using an exemplary provisioning
server according the techniques described herein.

[0015] FIG. 3 is a block diagram illustrating tables of exemplary parameters that may
be used, in accordance with the techniques described, to control rate adaptation

algorithms.



[0018] FIG 6 is a flowhart illustrating an exenplary operation of a

provi sioning server and a nedia termnal according to the techni ques of
this di scWwo0re148¢48019] FIG 7 is a flowchart il ustrat Pal/UsR0100887p6 ar y
operation of provisioning server and video server operating in UMIS network
according to the techniques of this disclosure. [0020] FIG 8 is a

flowchart i]lustrating an exenpl ary. operation of an MISI client operating
in UMTS ned 040! FAG: woﬂm?glnpf&tqdr%aﬂfb@waﬁrﬁwgéﬁ%Plae’ﬂﬁltsfn%rggmwss ACCORIAIQ ED

DESCRI PTI ON,d QO&tduds!ld&cribelis @ bl ock diagramillustrating an exenplary
network 2. In sone exanples, network 2 conprises a Universal Mbile

Tel ephony $0Wi] ¢éG( OMFS)In nehotercd griaph 10peratingsan exacglor danegestad tpredess 3r d
Gener ati on Par .nertsmeq Pr o] ethfg‘fca?P‘%' standards and with the techni ques
herei n deséffBeYes '#6F B 281 B 179U Fati on only, the techniques herein

will be deggeigpedcvé ish N&SARELIERrafintW Sx OB MBI dperddWRM @lprodifiBning GRREAUES
are applicable to other conmunication network types in other exanples.

[0022] UMTSnéemasliktcominabaogarsengtodhs echiguasrat thys disglosureMrs Terrestri al
Radi o Acce twark. (UTRAN) .5,C nicativel I yia.conmuni cation
s ert ave. S00EEE RisA R GO HE b Sl LR M b 6 ey

in sone aspadbilchyetvbBespapdtingiitl @M TS abiviors wedoedied td GS)echiqueceHXhisThe PS and
CS services can include nmobility services, such as authentication and
roani ng, adlis#SPreas call handling services, core network signaling,

bi l1ing, aingﬁtgftomgirlé‘}%kik .ngﬂB%E%fﬂl&&ﬁ%%ﬁi&%ﬁ}yﬂéﬁ%%@@ﬁﬁgﬁr& n REEYOLIH: (not

shown) , services. e net onnected to one or nore
backbone nebpwartikgin ENTS &swblkeackotdargietthe tehienifudsedtias édciSaurei ces Di gi t al
Network (ISDN), and the Public Swi tched Tel ephone Network (PSTN) (not
shown). [0023] Communi cation interface 20 provides UTRAN 5 with access to

core network 4 services. Comupk¢aii.PD HRSERTRFFORO enabl es an |u-ps
interface and may in sonme aspects further conprise an lu-cs interface. In

general, a 1 interf rovi des. ol s nahl i {on
with a pac g(iﬂ%\%? ?Cﬁegg ﬁgﬁ%lglg%%%ﬁnlggg‘%ﬁﬁg %ag%%gmgﬁmggﬁ?%&gn{‘r oI[aI %Or%é(s
("RNC 6") tcRaraplSsr veth@riGPRSobippRey ta NaderdaSGabbild nadlephbnp 8umikc | (UM DTS L
network 4. In general, an_ lu-cs interface provides protocols that enable

communi cat MERVARK thit aPepics i receidapenwih e 6 ensrdorByrngrrikp Rrgied (B6PR)
Mobi | e Swi Lehings GRaLEh t@lw&)hnfciﬁ% hSRMMWs ik OF & ﬁﬁf)éﬁ%g I5f 4ustration only,

the techniques herein will be described with respect to a UMTS network. However, the
techniques are applicable to other communication network types in other examples.
[0022] UMTS network 2 includes a core network 4 and a UMTS Terrestrial Radio
Access Network (UTRAN) 5 communicatively coupled via communication interface
20. Core network 4 provides packet-switched (PS) services and may in some aspects
further provide circuit-switched (CS) services. The PS and CS services can include
mobility services, such as authentication and roaming, as well as call handling services,
core network signaling, billing, internetworking between core network 4 and external
networks (not shown), and other services. Core network 4 may be connected to one or
more backbone networks, such as the Internet, the Integrated Services Digital Network
(ISDN), and the Public Switched Telephone Network (PSTN) (not shown).

[0023] Communication interface 20 provides UTRAN 5 with access to core network 4
services. Communication interface 20 enables an Iu-ps interface and may in some
aspects further comprise an Iu-cs interface. In general, an Tu-ps interface provides
protocols that enable communication with a packet-switched network and may link

Radio Network Controller 6 (“RNC 6”) to a Serving GPRS Support Node (SGSN) (not



[ 0024] UTRAN 5 provides wirel ess conmuni cati on services and includes two
base stations in the exanple of FIG 1, NodeB 8A and NodeB 8B ("NodeBs 8"),
that are wonnexte@st o a RNC 6 via comuni cation |inks 2PATARB10MeRIeBs 8 are
base transceiver stations that use an aig interface to conmuni cate with

wi rel ess devices. Each of NodeBs 8 may serve several cells (or "sectors”

accordi ng its. confi tion inafter, e geographic re rved
by one of Ng Bsingorgng 1‘33‘??‘&1}l 8816 > 3 ety mtqf °¢ BHRYIdES pertpeols gﬁ %’E

NodeBs 8 My higindafibh owﬁ%t Elpéulltesrwndﬁg&%ﬁw&ﬁ' did ndy 1RRNRNC YPRS aQ‘t/IoB‘ﬂé el ess
transcei ver station. [0025] deBs 8 are communi catively

coupl ed toSmlwbhlgs@enwéMSé“q&nmtmannIiUE)orelQ%Wmﬂﬂ( UE 12") using radio |inks
24A- 24B. Specy fi ,cUE 12A is | the cell .of and therefo exch es

ot a and oRNEANTTAY, sap SRl Ro s BRIGHE Ao Fikinshie’ R dirce. Ue
12B is in Gheokeld tHRfcxaRfhld BEFRE OT ENEKENBAGSS WaddB 8B SRAtBOR), 'ﬂid@raﬁ@tl on
with NodeB 8B via radio I'ink 24B. ‘Each of UE 12 is a wirel ess communi cation
devi ce and caasectadntsr iasBNG ér viax amn@nlcatlmdinké 2Ué’bézéﬁoné\IOdélBIS aptasp b@ﬁe

deskt op corrlgﬂg elvegr1 %yatlogs tl?atqlsb a% ’}19 e%o cgl%r unj % c w1t?1| leg aB? E

net book, a Vi er. apers nal aaaSS|s ff)

t el evi si on,Eaol oaNWdele@S elaamsreave ﬁa@ﬂal &dflisWbr Is2ctotT) acw@rdihg m)ftﬁccaﬁrguraa@hl ons,
such as nobile calls, video ganes, videoconferencin and enmai |, anong
others. Corisineiti BA eeowAPHC LRiomservsddieonsfof NsdieBs B is efatrrhin 258 cakh lnm i nk,

and comunigcati r ) i nk.
RC 6 managonegioks AP ALEURIRE Gp bRt Brol B ok G B oF B BrE O A

S to core neatohskradsceivar stetioruni cation interface 20. In some aspects, UTRAN
5 may conpr ddj 1 I nd NodeBs arr.ange i ous .

confi gur at |[t5‘i?e§l] ?’[‘ d@%@%mgﬁfﬁ% ac rFQWE‘&}HE?ﬂ § b%lﬁ‘ietf’ Bfctesh etper

net wor k- andqyieft (I?@Uﬂzt —18B<URALY Ysif EraB RSl 2|4Aﬂ§4I§ eSBéHlﬁ@a?ﬂyatFEleA

different users and applications as demands for the resources vary. UMIS
network 2 ps wihd@slldxf\mﬂlthﬂ{eﬁoa@kmhamdagemd aerol Edornestmnpligh NONEIS 8det wor k

2 i de t.h k P k t. Acc Th
b b v et 2 TBRRS o U R By BOERE OBRTT GeloRe s S aneb e or
Time D vi sicgftrdipfomatidiPR)ithne@B BBOAL kaditSRRR 2upeCEddhest UBat2 fsadivarelcknks 24

conprise a H gh- Speed Downlink Shared Channel (HS-DSCH), referred to
her ei naf t eccomsngicatgn davigoard mak comipgse, ifer exImpiQ & molgla telepbend, addpteiner of

NodeBs 8 s OV|ded 0 Vi adi o
| i nks 24. E%%gﬂg §§g9§q§1 égaﬁ%or?ééﬁ%ﬂgsﬁgggﬁd¥1%e§ %ﬁﬁﬂé%%%ggé ‘%dé
current raghmeciendt!a piger expasonded absdstamy(Pm@neaéledeE, dr2a aﬁieavehrhexas t he
data needs of the connected UE 12. For exanpl e, as UE 12A noves around the
cel | of No&@Bh @A UEnE ¢waone Qs mers arplisationseisach apinabils eatlsnyisdso ggpmsso
changes |n e ne
xanpl o, o 'CREHEtncifEAidmayl A EhE BIRACCCpRATNIGH (SRNSUE E2% ofSafT)
poor er |inhod@ﬂﬂmﬂm@ﬂ&&ﬁ@mm@hﬁuEmdC&mHEmmﬁaDnﬁhﬁl&hﬂﬁB«&kB&@&nﬁﬂmﬁﬂ@ﬂs To
optim ze s stem c h eB 8A s ul er chooses rve the UE in
Che beet | JARNEgndRdepitink SUC Prmaniaps SAEHHE rodier Gt o snandit e on
the shared ORI THTRIANE 5. tof Bfec HSRRSRH) vid BbSnfhRANGH iSEeAEid bye mchgsul i ng
exploits multi-UE diversity to inprove cell throughput by favoring

term nal s tabpectsc AN R AN} warydetmaprise oriditipmals Rl (sdargloni¢Brk amangeil ghearipas es.

[ 0028] UMIS n@tmork 2 services may specify Quality of Service (QS) classes
for four th% SPGBt £ i c: 1) conversational (e.g., Voice over |IP (VolP),

vi deo tel epbersy UMTEGRNIGINgky céth ﬁsr,er kBiswWi€hgd netWdrk kA dis d, reytildegh on
demand, web cast); 3) interactive rowsi ng, network gam ng, dat abase
access); anmepidly BaeKgR dnkdesperess pmog/élffqi@wrﬂsgrécﬁnﬁglpphmasdgnmdtsstQos

| evel s as e i

obj ective g? %§§W%?%?% s§§¥gﬁggﬁﬁggg ufﬁgﬁg‘cap%%&?§g£?%§1%?ggﬁieggfo
provi de faickmaple, TMaS | netlkork22 imayt peovidd theaHipH Bpedde BdwhnlinkaRikkdth&ccess

parti cul ar ébs requi renents of applications running on UE 12. These

obj ect i ves (HPPEA)CHAYIFS-ctThe H@@@]A ACTE RS BEY PORIMS erﬁ%%rdFlfeave%ﬁeDmm%deBs
8 may incr V@‘?fb the cell starts new

mul ti nmedi aﬁsﬁﬁe@l{a a s)eSGS)(l{eodﬁgﬁt at g\%ﬁucgéx drﬂﬁ)%|?IF[1<baEri'reln,nts I n sone cases,

addi ti onal [Ml HSDHP Al apeciBesthaoradioc hmksct cqmlbmghengir Soredtyowmlatkf Slwredich as

o e AR BT DB R Grall it ieAtler i ARG STk aithe b e oy Le

12 that requires QS on the shared downlink noves towards the edge of the
cell. Alower quality radio link makes it nore costly for the shared
downlink to support transmission to a UE 12 that noves toward the edge of
the cell. For exarrpl e, by haV| ng to prow de a h| gh rate Iowl atency QS on

o v o A~ S ' D ~



[ 0031] HSDPA provides support for various end-to-end nultinmedia services.
For exanple, for real-tine packet-sw tched services, UMIS network 2 may

i mpl enentwoOhe103@Rsdef i ned Packet Switched Conversati on2CT(URSG)/0385¢/ i ces,
Packet Switched Stream ng (PSS) servi cegg and Multimedi a Broadcast /

Mul ti media Service (MBVS) services. [0032] In addition, exenplary UMIS
network 2 may provjide Miltinedi a Tel ephony Service for Internet Protocol

MUl ti medi o ) celint (Oms?'% NageBp § s E@_fiané%?-P C_lrls_@lﬁiylf(ﬁ?@ 2. Pea NofcBoag! » 31 d
Gener ati on BARHRASEEN R FIdR) ffiks 24T CQRNIERA ScRREAL hic6ALIRAAI, OHR-PAEVhERS and
System Aspects, 2009, available at http ://ww. 3 .orgrttp/ Sp

ecs/ ar chi védag@ securecns f&Bo toddigeisiekperiaed byi gny. coAsedeb Uibi Brds ivall detthd |

bel ow, UE 12 ise MISl cli d, , t h, vi
and ot xSt ALY Pedopysic a1, P crFEnE o BEadoe PR e FoSE) e
12A may sembdRBR D akk @hsraGenitak B RediY IR AL R8s dIMASRAGE Bf gohfiag,

session 28, through UMIS network 2 to UE 12B using MISI. Video session 28
may be a vivethesdnterferned, dadothef eonshidans. fssmeaaninnly, ablE dosesto terpdee of

mul ti nedi a session requiring ¥id ransm,ssion. UE 12 eci fi i a
Codecs for Tarl Bl bl I AR RO TUe Bt o ol oa R G Lh UE R B
i ncl udes aNUdIB®R e nandeittct. N8 optididasstémdepacibl tic NasticBr &Mnsehedude ohsBy ce,
which nmay be a live or archived video feed, according to any of a variety

e ) y :
of video cdeipsye dicdilar the bevhlank eandiions sgcerlys plowisibg fastesh trapynigfomralr i et y

of video engcogdj.n C G,: (> 2, s .

st andar ds, %f(ﬁ hgfel %§%ﬁﬁglgg,%g§k Ingt}hg'f%%g‘%rcﬁ)E oj}hl% @Eﬁ%%ﬁf%tl%%g@eé}m%rt 10
st andar d, iexplojts Adianide divisitg o Cograng deAMVBoughitcly fasosngh sdranirialathay can
identical to the H 264 st nd%{(f. I n adﬁj Li on, UE 12A includes a

transm ssi SFCEiclty ?@tgﬂgﬁf Byplinkatiig iriﬂfeéi |lustrated as "TX-side rate
adapt at i on [ppgyliavFdAciwdRal scAedds il Sspebigy DRGNS KNS sh @sR¥ féeuyi deo
coder to encode frames within a vidéeo segnent. The 8 coding rate specifies
t he nunber tgfes eddiatige:bi)t@natsgwanked.g.0Volve dveahi§VolP)t idew iadenhospgyrdert .

0034] T i ssi Qn-si de |..modul e 14 | d i ¢ rat
hdapt at i on EAMED! EhATEHSIRE g Bt PR deoT ag in a5t ) SReashE ¢ o
changi ng negkwpkowangdi AdtRbik: odring S YAARSE acdesk); NG M)SSHcRBroshd €erha@il, ESMS,

adapt ati on nodul e 14A may increase the quantization paranmeter (QP) used by
the video davathading &Eé{@ﬁéegrtah@ @Y taels aseednsl terrpptedtione dinningon &dponse
to a reduct,on;i Ldth allotie enco i e .
bandwi gt ne dp? OiddBaS BERARINE SRl Iﬁn%‘?m%ﬁ%%g%ﬂ% @gou%ﬁg‘t‘%ﬁ@eﬁ%pa T9%ig

vari at i ons theindddeao ged-idefxadesdad JIVE|1 26k pler tnaridthbyieéd toepedt\thd gartioglaof UE
12. [0035] UE 12B may receive and process RTP packets received during video
sessi on 28 QauisAuEemas of gpphiogsions pmingsan VEJ@: vdesesotiectivas eftaueamtligti on
modut e L48,0gd) o0 MEAPHE ERIMARES S, G dVRbacHH bl ifiGeR0 G, AitahSithee,
downl i nk. Based on the neasurenents, recelver-si rate adaptation nodul e
14B provi descfefetiBadk i80ththadll diarteatesy hrudimaedis sorodats | Wesiomt thatidapt @aSdn
nodul e 14A to.scal e gown or scaalqg. u% its .enﬁgdi ng rate and, copsequently,
its media CTHHSHCES: OB SPHE sy ABHIONAEAFIIY OREAtE AEI08S FYheRMYIBNYPORTIET on

for UE 12Bird hehshiavse I8! dafbore-EORBOMed R1IELHEIR! » AYSRSthGUWLRIFRN tthe
vendors i nplenment transm ssion-side rate adaptation nodule 14A and

recei ver - silopsl may encaghapwdich one pbtill B B4Bniled ofif deto thocdlhend inhan ent loé Udest

adapt ati on hods specific to the user.equi pnent devices result,
OTRAN' 5.+ ‘gabioguE8paes of b shittd UREREEARER o4ty i Ciep & ofy CE A
propri et ar YowsPhermentradio ok fakeatie nRAarbaty ot tHRAHes dwnliRO3S Isupport
accordance with the techni ques herein described, transm ssion-side rate

adapt at i on tipgroiseion ana Bipbksidgt moxesttowprdctba edgs of she egletRar gxemple. by hasdng t he
rate adaptat i.on.and, encodi ng [ I - ti,0

receiver- s?{;ﬂg%& é(fega Igggg?tgt %%g]nﬁ‘rtr@%g% ptgg%ilg%%g%é&ghhl %?gﬁ“tlzse thgfe d%eo nt r ol
par anet er s of hadellabf eas 6f NatleBatafht NddeB @seds enanbinngc ahgod idbwaBnif ar thalE 12B.
[0038] In accordance with the described techniques, UTRAN 5 further

conpri ses pREHSR b hyfesdongsy parpdsra compensaferahiieatawseipk sbersh et bade 6
via comuni oK V.

provi si ons tlﬁﬁﬂf%audsi ngn%?ﬁ%;éd@mcfsgﬁgggéﬁﬁﬁgﬁrggg?& g%%hmfg% % Lnet?l(%(g%]% | r DA,
or wired in0e30f doestostbe shasd batureos tie sBercdalovwBlisk ( tHSBpquikinteati foe caandf

RS- 232. Provyi si,onin erver 10 is typically Tput er server in UNTS
network 2. Uth 190 SLhaHFS thF MetTRrBRS KBralg b b Yoiertsf o T St Spft h a
W red connection one or nore of UE 12. In sonme aspects, provisioning server
10 is a user equi pnent according to 3GPP nonencl ature and may conprise, for

exanple, a




9 nmobil e tel ephone, a | aptop or desktop conputer having, e.g., a 3G
wireless card, a wrel ess-capabl e netbook, a personal data assistant (PDA),
and the IwRkeo10/@888] Provi sioning server 10 establ i shespPC3asarianag7ye or in
conbi nati on, provisioning sessions 26A- 26B with UE 12A-12B to nodify the
control paraneters exposed by transm ssion-side rate adapt ation nodul e 14A

and recei ver-si de r ation nodul e 14B, as_descr|j
di sclosureVa’a?’detSH’é §|dPEYerf= o pofPR0n F&fq‘éﬁ @ﬂatb %&u M&“E’I@WFIT hims

operating Welibhdy ﬁ@ﬁPW@@%&edﬁl@r Eﬁé&e%@%éd oAb AL GRS ANE hiRKs AfARRAL | on

and encoding algorithns of UE 12 are proprietary, provisioning server 10
nevert hel eobjecont pﬁmxmplemgt syshamﬂm@puh élsefaatogoexplhimed nbovicaginlitivae &

xampl o oo 1S SR RPS B 4 Rah BF LA B srthioR ool SEAT AN ect

transm ssi GgSiggehtéPh Bardiddint QbSQé‘ve'IrPéig” & 434MBp$ Bata irftey RSROPPEcAtRNABE 864 | NY
packet congestion, reduce the video encodlng rate to reduce the

transmi ssi of Uatla, & WTRAY & ewyi e bpgabintd plesidebhaty @olidevel hethat e h2 of

Vi deo. seosi. o ARug] INRET AL { Bk A GAMRLIAER B Adh oyl hDleddBly used

(not ShOV\ﬂ)QdSW&tvelJbadedzcﬁa &Haegeshﬁlr e relovd Iodktidrotdhather A/BTOR 6n @Oadl dliens or a
better QoS. [0040] FIG is a block diagramillustrating an exanpl e vi deo

server 40 ity gae th%ﬁeﬂﬁlﬁ%iln%@%vi%aﬂ&dé?yad%ﬁhﬁf Pé&nl2ai gorithms that are
modi fiabl e Wl&ﬁ%ﬂbfﬁﬁwld% %F]%gﬁl’]f&{ﬁ%#&g S %eénziilﬁluﬁﬁﬁé’cﬁg's@&l&@e For

t echni ques "de erein. eo server 40 may correspond to UE
12A of FI Gexdmpl fteacd aimepackot- mmqhedselszlc&s VUNHCS sawode? Myalmjalanaemhh ng

client 44. In.t illustrated, exenpla f FIG 2, in | | ent
2 o o MrdORE et BT gt om R dbsCt eyt dickd soied
sendi ng MISkreghifgnipsts- sewlﬁoa@Mﬁﬁrné&a%a@&s@/ widgRcgiamidiiee derNs) such
as a video canera, or a video archive that stores previously captured

di gital vi dewiceVi deo source 42 al so rray be an interface to a live or

ar chi ved VI fee 004 ent 44 s erw se
provi des ar{ aglél%iap?x%l?pcsﬁ d@&&? WB%B%SPT%‘%@% (g & geé’go%yerver
40 to tr anwlc&mq%ﬁet PRAGd0] IR diat SétemsAMIT YN dAITSISEFined MG | ent
44 handl es session setup and control for nmedia sessions with other MISI

clients andSa¥dl k4 Hﬁépl()y” Hrdkernention Maeneroiip Foe) cotmbenhaicahSprsifigtige Eueimg,

and nedi a %%Vace%nd copty ol d@ % Lranspqr ect.s[ 0043]20%§nd| ng aMIﬁ'blCl ien 44
conpri ses Vi deo encoder 46, €eo packe zér 48, and’ transm ssi on- si e rate

adapt at i on hepdwvew3@pg. of@@tﬁ/Sﬁ&sfa@dlﬁv@%[SéﬁésVZﬂ’ﬂ Ikl &-7207)p.  Sandésegbdd S|
client 44 is a simlifie | ary aspect of a generalized MISI client.

In other adpéistad %wa%lmmpase é\A?Sh&hWA@ aﬁ‘ébdilst Pusha SYRPOEL FRSEFs 6V18eq/ i deo
decoder, 1Qpuj %fex@&%s?gﬁ&ﬁ&eggé%ﬁme%r B PRoeS&) eANd contr ol moaul e,

actlvatl on no nct i1 ona spects t enabl e MISI. [0044]
Vi deo encod@i33jajiencAadesy wewte 8 TiPr pavkets deotasong veled Hate aorahi axpettofavigeof a

packet ) zor SHencs TseRel ORI o 21T QR 2B WEET., BEeD RGO BACAARH 18 deo

segnent framedeqiienceirbedt@erdié, di \irdgsink hoeRCRdesh dRMim&IIBRsidNt O a
series of packets for transm ssion. The resulting packets nmay be passed

fromthe appquumeg oo [tragsmission.ofUiet2 bpgedfiies, medie kodess férecach af shxosuppariet

Bgzilef ?lz at Inﬁeﬁha Em)f S [ﬂl%lﬁ,{htnger dcgot gﬁzﬁﬂthluge%ha Sideot eln%pcPere[ﬁatn&coc? céd\lll'aleoonal
obtained from a video source, which may be a live or archived video feed, according to
any of a variety of video coding standards. The techniques may be used with any of a
variety of video encoding standards, such as the MPEG-1, MPEG-2, or MPEG-4
standards, the ITU H.263 or H.264 standards, or the ISO/IEC MPEG-4, Part 10
standard, i.e., Advanced Video Coding (AVC), which is substantially identical to the
H.264 standard. In addition, UE 12A includes a transmission-side rate adaptation

module 14A (illustrated as “TX-side rate adaptation module 14A”) that controls the

coding rate applied by the video coder to encode frames within a video segment. The



[ 0045] Transm ssion-side rate adaptation nodule 50 controls the coding rate
applied by video encoder 46 to encode franes wthin a video segnent. The
codi ng r awe 2pela@BdsBes t he nunber of coding bits all ocat edTius2elbe3g7sanes in
the video segnent. Transm ssion-side ratge adaptation nodul e 50 may
correspond to transm ssion-side rate adaptati on nodul e 14A of FIG 1.
[ 0046] Transni ssion-side rate adaptati on npdul e 50 receiyves fee bac.g 31
from recei VPHGEdRICeIRCSiTics thyn g?re%fg?qm% bt iaL!ﬂeat%izwo g‘ﬁdﬁ/‘?f@%%g’é’ Hyeo
i ncreasingg %mgg_cr easing the coding rate as appropriate. Feedback 31 may
conprise instructions directing transm ssion-side rate adaptation nodul e 50
to take an [8@34] divartsonissoati-fige rdie cantdd mgodudt é4Asingtlpwst & dgnansgantdiadgptrieerei ved
packets, or,any other informat.i that transm ssion-side rate.adaptation
rodul e 50" CliuE 05 Pt TE HeEod oP OBy Bl Bud G TRy PN
i nstance, {chAMEGHS SFRExBIPR, b dlafsrAidABh-Bide Phke rﬁ@%ﬂhﬁbrﬁ&owy 19ARRSY Inckdage
Tenporary Maxi mum Media Bit-rate Request (TMVBR) and Terrporar%/. Maxi mum

1]

Medi a Bi t - i euangestionqyrdnagic (QINVBNd breisagdey aco@ide deapsse tind bipisgd des
. [ 0047 t hi.s | ot i SSi.0N- Si i
odul e 5o chedsiehtLE if (LAY ¥, 8 38R lion A7 BAREUAR, ARy 8! MlPRRHEY Are

Control Pretqiénl ThRBRIwidgedbaed foecabgdedn@edianhsnehdnat fof iadsites 8Ok Si de
rat e adaptation mpdul e 50 uses to handl e RTCP feedback of receiving
condi t i ons VARt éhedichycred QoSJe ey cxpeiisacaddivn ieseiEinglonc QEPECIS of  UMTS

network 2 t i 1 S Sin6= S : i 50
cuppor t s RIGELITE A S8EMy ERee MERRRER T BT b BPRE T BRaTRi 2
Functi ons (fdRPUBadzket BEt 2R cpmepuisaderct@edbsadk rate hdaptatonomodwgaldd, mchidduf f er
| evel s on video receivers for received nedja data. [0048] .In FIG 2,
sending cl gwuraap@gﬁﬁﬁ%% ﬁ@{lﬁ%&wﬁﬁé@rﬁﬁwrﬁ@w%@w PRMA RS UEE Ve MrS]
vi deo sessigni2isid/i 480 Lesd F0ITRY 1987 HASRend QL 138 afa Flifcid and

conprises receiving client 64 and viewer 62. Viewer 62 enables a video
term nal 60randrissisessideaaie alapiaiide anadubeil 48 do palviddem erescaicna it6@ncodiegver 62

may conprise a screen, such as i qui.d-crystal displ , @ _proj.ector,
Y omput er s Andansgiegds KBRS SHHENR mpisohef st b G RlRL ' o4
My suppor tr@ndoR Fdrarmv Se oRRVIHARS ®vnlinker f ace for video ternminal 60 to

MISI and enabl es video term nal 60 to receive conversational speech, text,

and vi deo. [0936] Ae gendrads bscacaaipmereygidarsyimpdgreett tignsrmsgion-ideraledidoptaior| i ent
o Vi e att . . : . 0
R AR bR RS R R T A

to as recei Vi ng ecel esS SessSi on
setup and adaititidn fmethod®dpadifke®sthe nsevéduipradnieleviblsS! Aglai eailg BIRIAN 5 in

additional ly handl es nedia control ., nedi a encodi ng/ decodi.ng, and nedi a data

and cont r olVaHA¥S2APEE M gwrlpglude UE 12 that have different proprietary implementations of
rate adaptation modules 14.
[0037] In accordance with the techniques herein described, transmission-side rate
adaptation module 14A exposes a set of control parameters that affects the rate
adaptation and encoding algorithms for UE 12A. In addition, receiver-side rate
adaptation module 14B exposes a different set of control parameters that affects rate
adaptation and encoding algorithms for UE 12B.
[0038] In accordance with the described techniques, UTRAN 5 further comprises
provisioning server 10 that is communicatively coupled to RNC 6 via communication
link 24C. In some aspects, provisioning server 10 provisions UE 12 using other
wireless interfaces, such as Bluetooth, IrDA, or wired interfaces such as Universal
Serial Bus (USB), Firewire, and RS-232. Provisioning server 10 is typically a computer
server in UMTS network 2. In some aspects, the provisioning server 10 is a laptop with

a wired connection one or more of UE 12. In some aspects, provisioning server 10 is a

user equipment according to 3GPP nomenclature and may comprise, for example, a



[ 0050] Receiving MISI client 64 conprises video decoder 68, video extractor
66, and receiver-side rate adaptation nodule 70. Receiving MISI client 64
is a sinpvof2omdi4s@genpl ary aspect of a generalized MISI PCTitsSaa10/088750t her
aspects, receiving MISI client 64 may ad}di tionally conprise a video
encoder, text and speech codecs, a session setup and control nodul e,

activation dul e%, or ot her fungt%onal aspects .that en e MISI. [0051]
Vi deo ext r &0l 5lPhANC, 2papioat OthESEPD; SRIBNEE RS- Bx Brifé tEIUP & P rom

vi deo _paCk%i?elés@-%@%%@@n@ﬁodk?ﬁ?%ﬁébﬁ‘eﬂ dME9ksihh@PD AJdaringlc ligSt ores the
packetized video stream Vi de0 extractor passed the encoded video streamto
vi deo decod@d3% Provikipeing decmddd dstrblighsoskpdraélges istqoedmagionopeivisgpring t he

appropriate vide odi g f the strea uch as H 264, and sends
The GecodeaviE e P bl F rdr 188 oL ithto Tt dubindis drheiichie
rate adapt fahQnisSBAUIR @ Jeptatied modBEi 1@ AP RKRECIk &CREP atS hdptatioh GRoduds
receiving MISI client 64. Statistics nonitored by receiver-side rate

adapt at i on l1HBdas écspobeain thiscdisddesupa @re tharehysaltasiths ragmadeptation tand enceghng
packet | atepc | ay. . .Based .on t Ltored ket statistics, .
Pece: ver - st HoE: e BREFMA UG OTRIN " JL08: ARELT BN Dol anstioni =1
to transm s8d efcsligiCalpatidnadaiBtI2 AR pRtikernProfisivhidgcser V@ hevikdthtRscause
vi deo encoder 46 to increase or decrease the coding rate and

conconi t antcPytrols eciatiam it there plaprthgr toj faaltaie eifgicenan. Qe clhrarghri g rat e
adapt ati on 0o dTRY nate faeedba t . L ! .1 oNns
directing toﬁggﬁ%ég%n-siggﬁg‘gg a§§p§1{a%t ?%dn n%dé}llagm@g@(’)k%g eigzﬁ%ﬁl%n to
nodi fy t he pcodsiogng atsjonpaeketirat atanshission-sake @tey adaptation imddulerattAoto, irhat
transm ssi on-si de rate adaptati on nndul e SOégan.&lse to,adj ust the coding
rate or théPBR tﬁgc?qt%ﬁlgg PegfctiCRBgGHER reduscdng ideg; agoding datg da Sedicr Jhe

modul e 70 supRafstion FAYWBRy A6 sJM@S%ﬁgtﬁéi%&lr rddficd fhe HufdeR BB SRSRGLES

receiver-side rate adaptation nodule 70 inplenents, in accordance with MIS|
speci fi cat ioorikg shat@l dovrrdmdtedorRfiscddiytradio lidka4do obed RTOP) 12Bs etina cdduction
mechani snms to report receiving conditions to transm ssjon-sj.de rate

Rdapt at | on "HadPh BCE FLEHARE SET T (oGRbershel vBhAS tretlisrd 2
that inpl ereahlilS® haveeehdelcosdidentiorbdeagapésti on modul e 70 may use RTCP
Next Application Data Unit (NADU) Application-Specific Functions (APP)
packets to [f49iFde. 2 deapblerk idismmatlyssisting garatiamglouifdee servey dP sanfloyideo

recei ved e d ia d nsm §8| i.de da [Nely! | e 50.
ncuch aspania ErEhE AL bR MRARLEIE 4 SRR ENhEH SRAN £
scal i ng up/aexgionibg seReorl dugordaigethasccapiguepddsadied He@D4] | n accordance with

the techniques of this disclosure, transm ssion-side rate adaptation nodul e
50 exposes [8044Vidso seryeia 44 enan copisitond| topHEadeterls FE1 . 1 mn¥idsggicavesetlier

control par el S C e t i.0R;.of m 5,8 i r
adapt at i bn oG 8 S o e o SRt B Emplary
rel ating tasparagé Fiud,istyding vhagi4dgista MTE) ghantan®edrelirgy cleond 4doslhbyeimadier

scaling rates used by tra LSSl on- si rat e adgpt ation dule 50 ta
deternine TRETEGH HyShdig Wi SUrksh -ngﬁa@rsowe_ _ %:t?ﬁ_aaVé cHEB1UTE AeVifiedi a
sender conty @ . PRAVRAE L&LSraddr £36S §RNRY thirARTE §:3VR0sIS cdfufAl Beivdapicat | on
nodul e 50 may be read to determ ne the current values of the paraneters.

[ 0055] Si miVided sourderft2sadsoman he en witerface e a liwe hnirghiersd wideo iged. di scl osur e,
recei ver-si rate.ad i.on dul e 70 exposes a set, of di.a r.ecei,ver
control " parddl S8ade WAL RE TR Sl Gul BERT Rebriianin EREhSy FECTUhe
operati on QErvees@td/BIFSTiale chales /P tat &0 fpEiasthit/EnR¥rsaticial betianes,
changi ng boundary and timng conditions relating to the calculation of a

packet | osgnd atiéco. c RendinagMiliShi dignp 4t draelles siessiomd sefuneindyegniwed fos eepdiy
recei ved- S'sgsgiorngt @itﬁld@tﬁ&?g\}l“{a@a@ﬁgﬂg eanéoawg&i&h M as?)?q%tdﬁatcgﬁt?odarhgec@ag?plen

of feedback rovi de NnSmM ssion-side rate a I on nodule

sone aspectescoditigdsmeding, sehdedia datatand copes] Aarttemspdi exposed by
transm ssion-side rate adaptation nodule 50 may be read to determ ne the

current valld¥]oending Mhphekanérd composey vider craader At VI BRAKAGZAAY: AR e
adapt ati on ghafflibRRl Qfe M—ai'tan%h' 5085e ’B?y(‘%é-ﬁae Bt F%{d‘aﬁﬂ'a{i@ﬁ MoufN90-9r
unavail abl e. Accordi ngly, video encoder 46, transm ssioh-side rate

adapt at i on Seoding MBS clentd44 ecesimptifisd,dacmataey agpapt cfta gemerabided BITRD chent.
conprise "hlack boxes" that rk operators, .usjng conventiona t hods,
r e unabl e T Juhssohsr stk SO SRT i R Nae BRBH ot Lefr
control paraneters 51 and/or nedia receiver control paraneters 71 using the
techni ques of this disclosure, a network operator can nodify the operation
of transm ssion-side rate adaptation nodul e 50 and/ or receiver-side rate
adapt ation nodul e 70, respectively, and therefore effectively change the

o, N o o Ly o N o o I



[ 0058] By using provisioning server 10 to nodify nedia sender control
paraneters 51 and nedi a receiver control paraneters 71, operator 58 can
change t wohetvaMB@s of t he "bl ack boxes" of video encod@CcTAS2010/038756
transm ssi on-si de rate adaptati on nodul ?050, and receiver-side rate
adaptation nodule 70 in order to facilitate certain network objectives,
such as bandw dﬁ&h e ui(‘;ﬁ/, maxi mum t hr oughput, or, ot her such &Q] ectives. In
some aspect@t 2Pfl BRACEH Boffciy cpyRit seep el contrpbmedulgactivatiqnymadilen 8rBtST and
can aut omatg cabh¥ LESROMG didbeanged network conditions by provisioning
different nedia sender control paraneters 51 and nedi a receiver control
par amet er s [(044] ¢/idé¢ad encosler ¢@rend@leanvidopi len tidearsnate 8D acewdipgdbianglof.a 14
[0059] FIG 3 .includes nedia receiver parangter table 80 and nedi q,.sender
bar bt er PAUPE 85 R R P MRy PR b1 BE S o ShBpi GRS edi a
receiver pahatlber/ {L pRLE-Kasb® @ fdce ¢t Vedei R HIRTBIBHS] Bilicd sceG®TidhNg t O
the techniques of this disclosure, exenplary receiver-side rate adaptation

modul e 70 exjsosasodmetcornddivedes ftharertioded eddsio\segmpeir intres sedessal pasketn bt e

net wor k oper rs toqaffect..th ration_ of iyer-side rat dapt ati on
modute 70 i Renes viads kRS eBbRtr Frab BORIT p PR R R BR6 s
control panamed edush 7 e treePomeind iplgsicat Ryadapiratirtar meckdseing,0suvhy as
represent one or nore of nedia receiver paraneters 81. In sone aspects, a
vi deo t er nintatipleongeaddiiong| ppsketinatipp|aad othss epFradensnedi a recei ver paraneters

81 that Cm[ﬁ@@f%ﬂwhﬁssﬁﬂt%%&% B a®BEMoH Tnd NS BTN HELolM AR BRfNOEK t hat

i ncl udes video term na servi ce-specific su s of nedia recelv
par amet er s vileonmyodantdérteentodd frames withiml apidecavstdmane Taeablmp)rate[ POGEHEs | n

this way, net wor k oper at or alte service-specific subset of. nedia
recei ver p_glilea%?fl@?sOféfgkﬂgtLqﬁ%&ﬂgéﬁ‘?Je@tt&‘ﬁ%fa&eﬁé? ﬂ?e‘?@?%%?%}?@&i 1588t s of
medi a receiRr aRAL@RIRBNSMBdulEN0 B%AMRERspdAdViI@hshflsBrilale 8He TRYpRASYI de
gold-, silver-, and bronze-level services. A network operator may alter a

subset of mediuke F4cef WKr. Iparaneters 81 that corresponds to the bronze

service le in order.to.affect th ual ity of_servi.ce Qf th twork for

i deo ter mifgel dsTaRaRiefl Ghe i edS DR ES, HedbMend) e

fol | owi ng padeagh@phsntdeset PR el Qkn®fiaad 1epehNEPy RRIALRE &F Ye&basing) Sone
aspects, tine-related ones of nmedia receiver paranmeters 81 are denomni nated

in millisedeh@sdingoeslps RPROpEXCS 1 Keedhaek filemagncamppee mhirections dlircsiingacket
Loss Rate s tisti . . t nt age of e t hat
aro not resenoan By o iR dERSHY- SRRk R oBTREROLAEE B REREEE. o
RTP packet statikticssegardagpacetised Patkdty) drumsgsothasinfasaeisn thitosmmsRIRigagiet s

that do not arrive.in tine for their properly schedul ed pl ayout. Wen PLR
exceeds PLRtRdaRiation modaie,) caly By foagdiush dbgeding matenod dhe sending yaget Eor

transm ssi i.de tiat i k rate.
00631 PrRIHAgS Ak aRngke LR BB BIdLE JETHED SIGP R TampBaR,
bel ow PLR DMMWiBLB, Mediadiverte Regiest @MMaRypindtlicarponagd MaximOmdiicéia tBit-rate

transm ssiqQn-side r %pp’hation dyle 50 tq .incre he nedi a
transmi ssi gﬂ)t&]’&f‘ on @g\g@ WSMWMWM%A%%@ﬁ&gy% he duration of a
sliding w Q@M’VI]_QHeEhiMhépFe%ﬂﬁ?e'ayﬁ&f,s&ﬁﬁsrﬁi@éi@n-@fé_@ptrﬁé' Q&hﬁga)%({é)lﬂ' enduObser ves
and conputes PLR for the purpose of conparing with PLR 81A. 15
implements, in accordance with MTSI specifications, extended RTP Control Protocol
(RTCP) feedback receipt mechanisms that transmission-side rate adaptation module 50
uses to handle RTCP feedback of receiving conditions experienced by receiving video
terminals. In aspects of UMTS network 2 that implement PSS, transmission-side rate
adaptation module 50 supports RTCP Next Application Data Unit (NADU)
Application-Specific Functions (APP) packets that provide feedback information
regarding buffer levels on video receivers for received media data.
[0048] In FIG. 2, sending client 44 sends packetized video data to video terminal 60 via
MTSI video session 29. Video terminal 60 may correspond to UE 12B of FIG. 1 and

comprises receiving client 64 and viewer 62. Viewer 62 enables a video terminal 60



[ 0064] PLR M W NDOW LOW 81D specifies the duration of a sliding w ndow over
whi ch receiver-side rate adaptation nodule 70 observes and conputes for the
pur pose oVocompasisg with PLR M N 81B. PLR M W NDOW MAXPBTMS2&109p8366 f i ed
separately from PLR M W NDOW LOW 81D begpuse excessive packet [osses is an
urgent condition that may require a rapid response by receiver-side rate

adaptation nodule 70. As a.result, a netwyrk operator may desire a shorter
obser vat i of¥SHi RO véﬂeaée%wddaww«ewww\ﬁ@x BT A2 PRUNEE 4 GESr at e

S not necessAnLlY 1igfiduh SNt aspndl (g, ABMidICLNRIpABCHRIAD: Y olhSe

| onger observation w ndow value tor PL NDOW LON 81D to ensure t hat
net wor k coraiwingagempemensuf fi ciently stable to attenpt to increase the nedia

transm ssi e. [006 TAl T PLAY MARG N M N.81E specjfies t.he
e AR et PRt AR 2otk at g PR aBRFRES Sotidf
schedul _ed @éﬁﬁ@a%ot ﬂonM_-TS_TQﬁd tehiBled SidoBaASHIRA dor @Mepdidy _@éﬁveﬁréaﬁ@nél%pé&ﬁ, X
percentile point (specified by X PERCENTILE 81G described bel ow) of a

packet ar r itexdl and wielee. bl thenlluspraéad, TrrapTryraspyf HIARS meovgglient &4 wot  net ,
recei ver - si a tati ul 7 direct tr 1 SSi on-Si ate
Lact act on NSl ALy SRR SRR ok ofr RS bt AR AR AR ES[ 21 &

tinmely arrictaht 6. riedtichinaokKESIsclichARGERandlAYSIsHioVAR N bbriBddE fos nilelscr i bed
in further detail below wth respect to FI.G 4. [0066] TARGET PLAYOUT
MARG N HI  83wiogpewithi ether Ml ehontheppid nadditionallys Agiddesomegdjansonerlwaregslizg

medi a pack%hccﬁﬁrﬁ%&@éo?ﬁlg?%&Iﬁ(@)&lé%g@(raha oSN dahnRlgyout time. The time is

nmeasured from playou t percentile point (specified by X
PERCENTI LE [6038] Resieimghdd Sbeliaw)64ofongpripackidto decddeabs diidéa edicictonros, Wien

TARCGET PLAYQUT N H 81F is exceeded, recei -Side rate adaptation
modul e 70 ﬁﬁ%?w&r%rater %Fﬁ“?gi%?ﬁ-("g? i r%?@“aa%léﬁiﬁshe ule? @tsﬁﬁlﬁ’lted,_
| ncr ease t hgeplhAupEARTH SALANIAUE S LlibTPIPYRARGLASGUAL Y MPSLelicn | de0

imge quality. T T PLAYOUT MARA@ N H 81F is described in Turther detail
bel ow wi t h tHespeedditianaly Gompris§ 0GP icHRERCENTINIBMBIMB alecy, fai sessiarheetp

ercentile i nt, of acket .arrival distrihbuti.on . that i sed i
Doy oot 1 oDt kel BRoebh makRlerseroti: Bt AR e St e N 1
81F. [0068][00FARGEIcPEANST 0d W NREWMLHb R Libtcsfes it extrhéte vidboatrbanvigdo @

sliding wi ndow over which receiver-side rate adaptati on nodul e 70 observes
and conput @eckets eecired B reosaingedt Shetiey GJaulaestancs itheapasketingd plidepoiticam.

TARGET PLAVAE S i R o S sy PR3 Ao ekt B T Soso)
TARGET PLAYKJEndddW NIV dtllcaB ldccofiig fo &% dppeopiiateatidom codling stdndalidn@r whahrdow

over which receiver-side rate adafgt ation nmpdul e 70 observes and conputes a
mar gi n bet wEedMEah a8 JedketndasepdlsAe degpdlgd pidsg stream frisreed? Er yevwing e

B R R | T TR AT 1
for receiving MTSI client 64. Statistics monitored by receiver-side rate adaptation
module 70 may include packet loss rate, packet jitter, and packet latency/delay. Based
on the monitored packet statistics, receiver-side rate adaptation module 70 generates and
provides feedback 31 to transmission-side rate adaptation module 50 of video server 40
to cause video encoder 46 to increase or decrease the coding rate and, concomitantly,
the transmission rate of video server 40. Receiver-side rate adaptation module 70 may
generate feedback 31 that comprises instructions directing transmission-side rate
adaptation module 50 to take an action to modify the coding rate, packet statistics, or
any other information that transmission-side rate adaptation module 50 can use to adjust
the coding rate or the sending rate. For instance, receiver-side rate adaptation module

70 supports TMMBR and TMMBN messages. In this exemplary aspect, receiver-side

rate adaptation module 70 implements, in accordance with MTSI specifications,



[0070] PL BURST 81J specifies an upper (maxi nun) threshold nunber of packet
| osses. When packet | osses over a duration specified by PL BURST W NDOW 81K
exceed PLWBURSTN4818, receiver-side rate adaptation nodulPeTAB2@0/088756
transni ssion-side rate adaptation nodul ¢,50 to reduce the nedia

transm ssion rate to adapt to bursty pac%et | oss conditions. [0071] PL

BURST W NDOW 81K speci fies a w ndow over jch receiver-side rate . .
adapt ati on Chisae 10 &{%‘Efﬁbé’émaﬁg Ao éq\gg’ga%aaseham%& TERSKT ERSTHAR son
to PL BURS—E0§&iﬁoﬁs?toQﬁth%ﬂkiﬁﬁ-sﬁiﬁqgtre%HFth@(ﬁ#ﬁB&ulE@@%_1 Fe%ﬂgelﬁk'ﬁn- [0072] MAX

RTP GAP 81L is a factor in a threshold amount of time that may pass without
recei vi ng d0003dilaagmctsets LT B metwaek 8ithanmpledeent BY®, rackaydrasideonteradpthieory 0

decl ares a bur st acket ver.e congesti o jtion. and directs
Cranam o, SHRTL0 PR ER: BT Aosh Aedlic E050% o haSRDER basBons Sadelfe T oss
condi t i ons.pFuh&isRSAPPYpasieds if pRAEICIccHRRR inforMafod FegdRAh@ bREGKRYSIsfBeei ved
(a packet |oss af)g may pr‘evenF conventional observation of packets |ost,

for a subsé qpaedast medis tdatgetor teansinisspnfsafe rage adapéatiosmedulet@. ddapetat i on
nmodul e 70 to determne. .that, prjor ke re,zin fact, | ost. [ RTP
GAP 81L and e e ebss Bk i RARRERRARS) iet R Faling i
adapt at i on ciesiineratastppelgiiateri ne congestion without having to observe a

medi a packet after intervening packet |osses. [0073] Receiver-side rate
adapt at i on [0lile azgordagce withsihgetcehpdgues ofathdydisclostige tlRPBISHENWIdEnEtht of

time for d [ - kn ani ng
esti mat e (aig a0 SRR a8 & BRI RhdS oA Rk EER JoR il o
on t he recaptdeorcoafropiperanetess \affdeto tifer aparsti@n df ttteasmissieatsadepsaté cudapthgon
previous videp fr s.. Tinestanps of recejved nedia (e.g., RTP) allow
recei ver-si%ﬁalea?@%_gfdaﬁt@%% eRARS POUR %§?lﬁﬂ?@ e laélgwalaﬁfé(sed on
recently rea@iNGHiMiHerih&IRS and MmoliBFiRL (&l riRs Le i PEaRMRIIAsiaRHW e 70
fails to receive any nedi a packets for a duration 17 of the value of the
product of aN#tatidRl mPd@EPS@1¢ datedmihcFRAMEIERTTate o€ rvidac eopder 46.delnr sonee

adaptati on nodul e 70 decl ares a burst ck | oss /. severe. congestion
Condi 11 on AN Ryt SeidEn canedl BireRRE S PR B B G Cs B o
reduce t he JqBdLR haMEPHE $haQberddEtotRtcddaiithe LROA Jaless dBE b@mtdpacket

| oss gap may be chal | engi ng because nmedi a packets may not be generated at

regul ar i ntl@ANAISIMilantyy i pepostrnaowithithktoskmasl afils disglosurchipscivemsidatse
plrrer 1n pagkstordgbayey e§q%%g§ Jggrn%fd W Beeibd BRTGI p%%’rg&&%m'.v‘% RdnP
c t y. %f empl ary d

81lL is set nservati vel recelrver-side rate adaptation

modul e 70 us@svef coitAVpaEDicthie adfisahe bpadesisotiRcaiotr-9id et adipupioh nahidnge
t he encodi ng frame rate and hence the estimate can serve as a fai rI%(
reliabl e bd8ity feingeiceceienging Heundany pndtiping,condptiongrelytingsle the spteelalion, sone

aspect s, oto@%rqa%ﬁ}%gg/%fmgéiRﬁhgr%fégpl{ﬂggggmgm{e@qﬁd re)%érqq}dms&ﬁby%&%eh!)f)?fil

| NC FBACK M N m nimum I nterval that receiver-side
rat e adapt atdeoratamadapt&ionOmodulico7MWao tdelredmorcetheemdunegaral seolps esfutsatbdckediback

31 nessage, e..qg.,.a TMMVBR. nessage, to transm ssiaon-side rate adaptatj on
nmodul e 50 tpﬁ%‘flg?dn@r‘é%@éssmésﬁf‘algﬂtﬁﬂ ngton @P@F 5%| I\]% PBKCRPRAN L 81M

i nfluences R 8hEolglarthieRl AYOPI& bRtan@HRAALIICHaRCRHPHLHGS mRLlc &6 the
signaling over (a lower interval leads to a greater nunber of feedback

messages) . niyderpadeGlcRBaGK the Rulr¢dr ERvias oBthiipgpesids.es a ni ni mum i nt er val
t hat i - Si .rat dapt at i le. 70 is. it f dj
subsequent (T gin S EERHHE Ry R0l St b S B M SFURERAREENER. & e

rate adapt atigopimstyl MdER EhakilMecT PREERIdNE VI BMBUERLE, triidissidAEGIFBACK

M N | NTERVAL 81N influences the rate at which dynam c rate adaptation
occurs as werladapfatioremeiylsalt, apd secstver-sdagetstadapfaion srwdplsglth may caomgepe

her of or o DECEAKRS VERE TPy bPRTRES SNL s alin SRRUDEE SRE MM
usual |y | essnfréianHHoNevEBACK aidlg | INEERVAbre8dMmedia sender control parameters 51
and/or media receiver control parameters 71 using the techniques of this disclosure, a
network operator can modify the operation of transmission-side rate adaptation module
50 and/or receiver-side rate adaptation module 70, respectively, and therefore effectively

change the encoding rate of video encoder 46. In this respect, a network operator can



[ 0078] DECONGEST 810 specifies a |level of intensity for decongestion
actions. Wien receiver-side rate adaptation nodule 70 detects a congestion
condi ti onwoesy/148@ased on observati ons and cal cul ati ons PC&ltskéngy38766 ot her
ones of nedia receiver parameters 81, regeiver-side rate adaptation nodul e
70 takes action to direct transm ssion-side rate adaptation nodule 50 to

decongest the shared downlink prior to having fhe video server 40 tranpsmt
modi & at t HROK ot SREEIHEN: B DaqIek Pees Bring e e PEEPERSpEY HEONfR! sone

aspects, DRGONGEST &1 $REGhII BSiofs BEEETRE §6r ¥ ﬁét%ﬂ% gﬁ%éﬂcms%&% Qe O

10, where O 18 indicates that no decongestion shou performed and
i ncr easi ng 4adndevidegdéroana GohatMadex edoeprer sputeolr Eranetdapt latnd matod sdnelei7 0

shoul d take increasingl ressi ve decongestion actions. 079] . DECONGEST
TIVE 81P s SRR BOaREy s RS op Ee iy o i e i e yeB BB deon
nmodul e 70 it&ntifal #0CRA98&- scfveY Ab URsRlctifell Vb 3b 8Rardohat ndtRE6& dRdtRhen at e
adaptation nodul e 70 shoul d not attenpt decongestion actions. DECONGEST
TI ME 81P i sodesaspeped maedig ureediesr dentsdll premetersii 1lh andspedia sender Gongol
[ 0080] Medi ender.,parangter table 82 lists, e r di ender
bar anet or s PRERRSF o PG EL oRP 3P B ISR RLE MGG ETRE
t echni ques soéh ddpe&s,dhSpdramiics, to @SNl al Yeshoran satisdiigretwiak lcahditiagkapt at i on
nodul e 50 ex&oses one or nore of medli a sender Egr aneters 81 to enabl e
net wor k opdPR7dPsovigoring server RR inaaie awpBent thatenglles &ingeverktapcrdptt i on
nmodul e transm.ssi 'S . i 5 e.\i.de ver
20, Mo & SeTBEToCEe g s BRI DR 2 A P B RGP oo B8 2 on
nodul e 50 mideortepniasie6d i oedonto mudfyofcdie dicads erodanl panmretes s aBB.mddin sone
aspects, video server 40 ma%rap{lovi de nu | e subsets of nedia send

t

[t i[p tgr
par anet er s r%@“teﬁﬁ?m&}rﬁaéaé% o' APRRE NP rewsionte ervFs 19 IBFBUSIBEBEE t he

net wor k t haly el HRIESp¥iatRS sS@h REratPiol S8/ e RRRR dehkr 3URS ﬁioaifgfméﬁ%ji a
sender paraneters 83 may intersect, i.e., overlap, wth one another). In

this way, acmierwonkoloparmtiors fhyndiot encda s@ewvict sostpdcpdriroctsisbsleto oflupedi a

sender paraneters 83 w thgut jaffecting oth servi.ce-specific subsets of
redi & sondaPepE) DRsLos RS Fa el A BT ER SR orky TR EY

gol d-, sil v®it-collénd aid @R Rzck @Bl ork &farikG&Sfor fhRItWerkKthaPRIcRIdes vidRY sahvker a
subset of nedia sender paraneters 83 that corresgonds to the bronze service

level in orfemndpadesfeaamnak 6b cqalMTS petwork Jiadd'lor Lt e serae weicktst aetwerkdeo
server 40 % Uadr: 56 s QP HloRlsidlh Aledids M ONE G SPTS eg%\éf contdd1Cpd:Ahb@M ng
par agr aphs egcrl € eacn Ol nedi a sender paramatmers é . n somepaspec S,

time-rel at edluenes fidn MEdh scrs@nedndapacratienidg 8&skme 20Bno Mdadah&tla tdeciver
m|liseconds. [0081] MN BIT RATE 83A specifies a m ni num acceptable bit
rate for aSQnEdPEHRSeeYalugs 7. fromividss temupyt0. ActwornpmlzerATmayse s be

expressed rGeR gnaq{ th g@‘)&ir]gr}:l [?ﬂ']- LAY ShsYPReLE T BhrduMigieo
session (a%c{)ar cﬂ%r%gvcét ogt e curr eﬁ? | eve &}) (Ssnesrlvi%e . Agcg anescg tlguralnetmrk
oper at or neédideotseset 40mahd/ppleconesiwi 6Mahld BrdvidRAIRE aB3l4sis o opdrhiopl58 vser vi ce

sets. If sendi Sl_client 44 is unable to support the valye of MNBIT
RATE 83A, é‘étﬁﬁi? gg/‘;\rfrréﬁletE’Pﬁﬁeﬁ‘Eﬁ T 20t WetUcASEeqH aYl@S%PHJeYb(?%ﬂFe%ﬁ%‘fB?f%ol d
or drops tR&n¥s BeheedtheNia hasesteon. t he val ue of DROP HOLD VI DEO 83G
(descri bed bel ow) .

[0058] By using provisioning server 10 to modify media sender control parameters 51
and media receiver control parameters 71, operator 58 can change the behavior of the
“black boxes” of video encoder 46, transmission-side rate adaptation module 50, and
receiver-side rate adaptation module 70 in order to facilitate certain network objectives,
such as bandwidth equity, maximum throughput, or other such objectives. In some
aspects, provisioning server 10 is at least partially autonomous and can automatically
respond to changed network conditions by provisioning different media sender control
parameters 51 and media receiver control parameters 71 to video server 40 and video

terminal 60, respectively.



[0082] M N FRAME RATE 83B specifies a m ninum acceptable frane rate for a
vi deo encoder, e.g., video encoder 46. M N FRAME RATE 83B is expressed as a
per cent aggoahioago4saxi num franme rate supported for a vi BED/USREIDI088756
(according to the current |level of servige). As a result, a network
operator need not set nultiple ones of NBI T RATE 83A in nultiple

service set | f _sending, MISI client 44 is unable to support the val ue of
M N FRAVE ROOE21 546 ° é%l&ieﬁgnqénfsreceuvrﬂea%ra@ateé@ﬁ%go ot S PrEFRATEPFERmM on

hol d or drepsg. khe Méd#@féc@i%E%\‘{&m@@?%@leogb [i6 cY@hMErydhe PRER R Ear\ﬂl%g 83G
(descri bed below). [0083] M'N I MAGE QUALI TY 83C spécifies a m ninmum
accept abl e SilAaf§EP (limkdityretarerapuiateteredd dderAccerdng tvite deemeputerof4éis M N

| MAGE QUALITY, 83C : k signal =t 0- noi tio (PSNR
i decrbel SBYIS. Frorudfar B R ST e Ao ShafRlh7d Sk BRes b ot MBRCOUAl e
of M N | MAGReMUAlkil¥é 3demcaending Ml fdtivit oftdatBist lBe4ffdRy ki b?@at‘i’étﬁ@ﬂa 5

streamon hold or drops the video stream based on the val ue of

VI DEO 83G (rersdvsr-sisledatseddepiptiof ovdule Hanwr umcrATIROZ8MISpe6) findyidgo saiver at
whi ch a vi dgo der.. e.g.. vid nec 46; 1S.to_Jincr e t.a
encoding' r ade 1808 1 grdr puplbFRe R RhRE (Bt 3 bR Bebfledfly 1
units of kbps Refcs&R®AB@Gr nidic 90 MR JASREEV S, pdriiBetbisgi1er Inr @b dspedts, a \idset by
transm ssion-si de rate adaptation nodul e 50 according to feedback 31 from
recei ver - sitgf@unat 80 FBFPtPALY IR HeldDlce sTctswal dpedihyresivdruprracteBER Heksage.
[ 0085] RAMR P%n . t £ . I.C i . r . 9.,
vi deo encoder ,Bﬁgﬁlgﬁgggﬁggggg 12%1%%2%13%(?@3‘3@%9&}\2?% ?%Pé ({Fgc\f/\ég‘ravlg%cfe
limt. RAMRrDOWN 6BAIdEYi83Epevifyc hibsex pf exdrdeddiva patasnondrs Rbpmypeterssetcoad. | n
sone aspects, the |lower rate limt is set by transm ssion-side rate

adapt ati on Oﬁ%%ﬂ’é‘”@(?nﬁé‘e_ﬁ 8ng to feedback 31 fromreceiver-side rate
adapt at i on [pgghylIg t{R- wkia BethBIP bPGafdP Wiy 81t@Td SvRRBEERS ALYt BF Mgie to
relieve congestion, rarping up can be undesirable due to sudden congestion
on the tranmswiwsponmetrhll Ashautradsoling otRANMeNDOMPCRATEUBSE ¢fsmedipsacaivet er

separate from RAVP P TE 83D. [0086] ,UPLI N 83F is, a ol ean par aneter
OO 05 R LR R T e o i b Lt
whi ch i nvolpy@igeusialGehavi!  lAaaviefwdrRf speiBéd adhyabiedt a Ubidikoft Re@lagRiebivet N

order to adapt the encoder rate and avoid nmedi a packet congestion. 20
[ 0087] DROPaFOIIFTYP DBt 88wesponds RBolbr branzp aeraiastlevel imardes preefifgdt e qypdither |

in instanc er | de 1Lty i t ], D requi.rement s
et for R8T eRarEegR TRl bt RS Gub B haoe ot LSS
receiver -silgelr athe fotlaptngt poiprapidudescrif: tscht of PudiatbeivirdRearsétegadn om hol d
or to drop the video stream DROP HOLD VIDEO 83G is thus a drop.or hold

par anet er . SPICa8PSty dinesTedicd anes algrisiat ieasivVeroRRIp@Ct? HLEE deemnded st r eam
on hol d, r%ﬁisé idSi de rate adaptation nodule 70 may nmintain QoS
reservations. erw se, receiver-side rate adaptation nmodule 70 drops the
QoS r eser vaddadneIfronaxh814i gpecifiss rapamppet ahngshwild Hot RPecket dess RatedPLR),sel f | n
sone enbodi nents, a receiver-side rate adant ation nodul.e 70 that puts the

vi deo st r e ARiisHcahBI1caAsIHEg oA [TORFTSSIIREE 0 PRIKSTS thi 867 pot4god e dcyhyifeRtrminal
transmtti Reha i : Q. I ggpg -

speci fies ?jﬁé@ithl tlgﬁgrgﬁseﬁgk?@ﬁ?%%ggﬁegnc glrg%ts'ei.}qgsjgw\;als €o ’g;nLcl:&gl Elruﬁggg, is
to transm t(as lossespiwsaRIdcpackets Nhdtl Al n@OBECe RATENS 8H tapip [preysertyoscaedliled

encoders, video epcoder and/or _test encoders. [0089] FIG 4 is a
annot at ed @haézﬁﬂt- sWhen i FHicety P{uﬁe%%aﬁﬁéutre%‘fe@ﬁwea@!e&d@awa%a}oa*fl[}?gm 0 the

techni ques (lesg Fﬂaﬁﬁﬁsﬁ Sid8 Tat@%d%qté\l}g%tr%@lg@'%% gal REAKAHE Pé‘&%ﬂfo@s ff a packet

is the anmount of tine between ar a packet at a nedi a
recei ver, €0@p2] AiRde@t 8tBrispadifi€0s land thieshqgd dpePLR. sWhen WL dipaypelow t i me
for the nedia packet. To account for jitter in the arrival tipes of

packets, t Hé-pll&JoitBrigfgier-siee f?é%%@ﬁpj_é%i% nadyle JRetitectsgraniBiRiofeyderts | e
poi nt in the, QY& AhbaRASHES inkfdabd/Ab el G RHELRA hRT 2 tine window

[0063] PLR M WINDOW MAX 81C specifies the duration of a sliding window over
which receiver-side rate adaptation module 70 observes and computes PLR for the

purpose of comparing with PLR MAX 81A.



[ 0090] TARGET PLAYOUT MARG N M N81Eand TARGET PLAYOUT MARG N HI 81F defi ne
a target range for the playout for receiver-side rate adaptation nodule 70,
whi | e X REBCENTHBHESB1G specifies the percentile of the patkisto@osirsal

di stribution to be used to neasure the ﬁ)#ayout mar gi n. TARGET PLAYOQUT
MARG N M N 81E specifies a | ower thresho d for packet playout. Wen a

pl ayout margin for a nedi a receiver, ' '

%. , Vi geo t e(rjg ngli ,60, is lower than
TARGET PLA | NARGIN NN 87 OV éé@.w&w ish e Auetion Pt shiding OVeD may

downt 1 nk. - TIRET RIS S AR RN & Al e q?%%wh%?e spared
threshol d fcomppaek etithpb By oMIN 3lBen PaRpMawmuDowamgxrﬁlf(bus spaeEtidascpaariwer ,

e.g., Vi deo termnal 60, is hlwgﬂk;er t han TARGET PLAYOUT MARG N HI 81F,
recei ver - sitefd r Bk M JAPIROW ohOWoUUP eberaustayxerssiae t Dackein dmpess i rivs UEEEF at e

adapt ation e I t

I ncreasi ng gﬁ) %ﬁéﬁﬁ%@}ﬁg ere(glﬁ][fl %Fi%%ﬁ%f Y&ﬁc%ﬁ){ee\?ﬂ%%ld%@%n%l %ﬁ&gT
PLAYOUT M ASNDGWUHL a8dctwaakf bpatdt fnfesr ésdiresd sltbrteg dbiséreatidnn dindewovelue Vbt ch
receiver-side rate ada tat | on nodul e 70 observes packet arrivals and

pl ayout ti e M_AiTARA *hidgh- pralpduagkat gpiis rale ds aaf ASPesEHY Ldl HEETARGET
PLAYQUT M VY, INREYH ML W&%ﬁﬁ%ﬁ&&ﬂﬁ%e Mo AP G4 T faePadils gpw th

PLR M WINDOW LOW 81D to ensure that network conditions are sufficiently stable to

attempt to increase the media transmission rate.

[0065] TARGET PLAYOUT MARGIN MIN 8I1E specifies the minimum acceptable
time between a media packet arrival and its properly scheduled playout time. The time
1s measured from playout time to the X percentile point (specified by X PERCENTILE
81G, described below) of a packet arrival distribution. When
TARGET PLAYOUT MARGIN MIN &IE is not met, receiver-side rate adaptation
module 70 may direct transmission-side rate adaptation module 50 to reduce the media
transmission rate to enable more timely arrival of media packets.
TARGET PLAYOUT MARGIN MIN 81E is described in further detail below with
respect to FIG. 4.

[0066] TARGET PLAYOUT MARGIN HI &IF specifies an upper (maximum)
threshold of time between a media packet arrival and its properly scheduled playout
time. The time is measured from playout time to an X percentile point (specified by
X PERCENTILE 81G, described below) of a packet arrival distribution. When
TARGET PLAYOUT MARGIN HI 81F is exceeded, receiver-side rate adaptation
module 70 may direct transmission-side rate adaptation module 50 to increase the media
transmission rate to improve media quality, e.g., video 1image quality.
TARGET PLAYOUT MARGIN HI 81F is described in further detail below with
respect to FIG. 4.

[0067] X PERCENTILE 81G specifies the X percentile point of a packet arrival
distribution that is used in conjunction with TARGET PLAYOUT MARGIN MIN 81E
and TARGET PLAYOUT MARGIN HT 81F.

[0068] TARGET PLAYOUT M WINDOW MIN 81H specifies the duration of a sliding

window over which receiver-side rate adaptation module 70 observes and computes a



TARGET PLAYOQUT MARA N M N 81E and TARGET PLAYOUT MARG N HI 81F,
respectively. [0091] In sone aspects, TARGET PLAYOUT M W NDOW M N 81H and
TARGET PLWWQUID/IMBOMABNDOW HI 811 are different val ues to &CTaisne10/03875¢ he
different priorities that network oper atprs pl ace on relieving congestion
and inproving nmedia quality. Network conditions that cause the playout
margin to be too | ow may conpel inmediat daptation by receiver-side rate
adapt at i on TG BEtWESTA Aerdid RRSKA! s@flzsﬂss% PR aBApRMRITSHE HEWdaPBEOn As a
resul t. ARGl PLAYOHT. M NN NS R dhie et il ety Lhaihob ARGET
PLAYOUT M W NDOW HI 8 a11r, %i C raecyfl%r-sige rat e adapt ati on rmé)-ume 70 uses
to detect I[8aHgeith phagaut PnArQUNSMARGOSZ2MIKISEE. 5 i s an annotated graph 86
illustrating an ex% e decongestion process performed b | ary

. y exe :
recei ver - sil 8@ FARGEdastlai B _AbdUNOCr0 Findg 1t ﬂmfh%s@ieﬁlr%m%gfat giding
adapt ati on I: e | 0 I i scl
Recei ver - siwgg&i&rué?) é]gggg%? g{e?ééﬂeg#%%u]{% %ﬁ%@? {égﬁogcﬁ%eo?]%ég‘%e?\é% %1?11 %%gerse%
downl i nk aceagidi bgween aneliopaciast eariiedls andeglajoter PRacavatsedes rdld adagtas@nds

feedback 31 to transm ssion-side rate adaptation nodule 50. In exenplary
graph 86, feesuladk Csmpali%|t%é§0%awmg@%@ﬂﬁﬁﬁwwwwﬁ si de

rat e adapt %tl' Oﬂhma%bq%gﬁr—%é&%dipwaém Pffgﬁsn‘i ssion rate bel ow the

esti mat ed sustain the transm ssion path. The TMVBR nessage

i ncl udes a [JoMBR1IY &uses 081 fspéciﬁ@esﬁfup?& RexihRWDI thidsBAIINEEb&Nof Phdket
Transm ssion-side rate adaptati on nodule 50 reduces its transnmission rate
at ranp dowpssesat &V1gR faskctslostss fave a ipramnPspROfRGd RATEL 8BER ST RéaNEPTdS Itkhe
transm ssion rate hy a {a sender, e.g., video serv 40, allows the
et k¢ haReict et Pa b Soiirents pligE el d gt s peb e
packet s. [ QRR3hicRRGALNE! ndlE 036G ARARAAICAR PR SioAd LB RNl Dl a
time specified by CONGEST TI' ME 81P before sending additional feedback 31
in the formpadfctbsseomhgoriBMVBR nessage directing transni ssion-side rate

adapt ati on I to incre he 22 transmssion rate to a second
TR val od 0BT it R e O E ShRobarii g REoRe o et Rbviet Rusteiselon
rate approymhesh HiSIueS 0TRbSrsss bl NahbBattatRcRlt (Gt FANSMPSiRR RAt h.
Transm ssion-side rate adaptation nodule 50 increases its transm ssion rate

at ranp up HatB&RH (@ds tegetanfined bipytyRanetRsReATEIBSD) .
[0072] MAX RTP GAP 81L is a factor in a threshold amount of time that may pass

without receiving a media packet before receiver-side rate adaptation module 70
declares a bursty packet loss / severe congestion condition and directs transmission-side
rate adaptation module 50 to adapt to bursty packet loss conditions. In cases of severe
packet loss, a gap in media packets received (a packet loss gap) may prevent
conventional observation of packets lost, for a subsequent packet must be received for
receiver-side rate adaptation module 70 to determine that prior packets were in fact lost.
Using MAX RTP GAP 81L and the techniques described herein allows receiver-side
rate adaptation module 70 to determine congestion without having to observe a media
packet after intervening packet losses.

[0073] Receiver-side rate adaptation module 70 may, in some cases, calculate the
threshold amount of time for determining when there is a packet loss gap by keeping a
running estimate (e.g., a moving average), T FRAME EST, of the frame period based
on the reception of previous video frames and the timestamps for the previous video
frames. Timestamps of received media (e.g., RTP) allow receiver-side rate adaptation
module 70 to estimate a frame period based on recently received video frames. If

receiver-side rate adaptation module 70 fails to receive any media packets for a duration



[0094] In general, a small value for DECONGEST TIME 81P indicates that
recei ver-side rate adaptation nodule 70 shoul d perform aggressive
decongestwonoamdseet TMVBR val ue 98 (specifying the tramrewitssdion3sras e for
decongestion) significantly bel ow the highest sustainable rate of the
transm ssion path. Contrariw se, a |arge value for DECONGEST Tl ME 81P

i ndicates that receiver-side rate adaptati on nodul e 70 shoul d perfqorm
conser vat i @ga&e%ailﬁ‘g%fstgﬁ BFP%W%%&%&S%%@@%WE%I HEATECIYS; t he
hi ghest su [ I : e~hr 1SSi vial -
peconcesT HE Brstiid, oditn b RIS ARG G R SEIL 1o
shoul d not cdndigoh ahd angndasitammsmilgionatide edaptigitatton moduleeS®G @ traluperfior m

any decongestjon. In sone aspﬁcts, a network operator specifies values for
DECONGEST #1%5'14 BensBhtsid rafea afidifel of decongestion intensity. [0095] FIG 6

I's a flowchggia iEs{iHﬁEﬁ%%bQ&ce@fbs;?é@ﬂ%hﬁw cﬁ’ﬂl%h?ﬁ{g%cé%ﬂcse H{eﬁié'(}q%icfé’él& Hﬁ%’%g{ ver

10 and video term nal operating in" UMIS network 2 according to

t echni ques befgen¢rateddit segubs umtervalsnand stargd devmekwohédubpe rigooithmoednt Guse t he
network conditions.in S net wo 2.(100) and th i f _experience at
The UEs. DAY ORKHESSIRE Bl BEs o ATE ot ARG deeh ShE bt £t TL s <&
experi ence, ot ev4HeLNOr k operator uses provisioning server 10 to nodify one
or nore of media recCeiver control paraneters 71 of receiver-side rate

adapt at i on [0l IEeemplary reegie¢rvidey rMEShdaptitont nediutsf 70i ders TeFRAMIE_FEST

(102). Receiver-side rate adaptatio dul e .70 operates accor dj tQ the
Todi 11 e mOTANT SRUNSET OB B A er BreS e STRogPadr S st Pefics he
transm ssi QBtihatt ®afXHEE a8 ACRE YN 1iNb16 asit %rfﬂd%ltingga?yingﬁﬁe efaaépgondofaibeo
sendi ng feedback 31 to video server 40 (104). [0096] FIG 7 is a flowhart
i1l ustrati Agmes. dxeamd apyctepehamaekodstonesgiatng Herfepnsepsrid may bhesedi deo
server 40 ti i rding-to the. techni.ques,o hi s
di scl osur e.cf‘?(?7;16?tfil\fazlqlE;]/S{A C%ﬂ@t%%@éﬁa%& monTt or's & he ' ne r\]/[\lorlqtelévg}ld{ a% ons
in UMIS net¥River<ide k3@ )adamatid@odiualy0 iytoolaieygerd RAgagatsubfiquitTecdBaged on
the network conditions and neasured quality of experience, the network

oper at or uSésngsea Sicorit AYIMBRyaessage. tte tigpdinpsionslegateasiaptaben module Xender
control par, L er ransnl ssio i de e tati.o i n
sendi ng ngﬁgg%rgﬁ?é%iﬁ%fﬁgflé%hs§¥%2@%20 (i@é%?ggggﬁ@%$sgygﬁggége%?a e
adapt at i on ifMctut& thO raper whieh dasanic ¢hd @ difatiditostnrkik ivedl d¥rE dgnadihgsroter
control paraneters 51 in order to adapt the transm ssion rate for video
server 40 (ahoyer inpiyableadsytoargrapterraynbse apfecdbask messpgas)ssi on rate by
altering a j j S§ rea 97] .Fl P I har t
i[lustrati Egﬁ;’i%eﬁge%p Aﬁ@%@a@%&’ﬁﬁgf YIRS gntrglgp%élrngt ilﬁtﬁfaviain s
network 2 aegpredisitg rito atihyRati@Ciod@ees iolo Wit Befdicsehdisp agubddagedf&ldbetk ent
receives a value for a control paraneter for a rate adaptation algorithm
that is operdbesagsy cigher NIFBYIBR| messees ¢ taaspesipgsidsdaicadapigtion madylcad0
encoder 10 et ol SOt kARG (A2 e ARiONe (ExaMRLex A& MSkrchientNay
receive the value tor e control paraneter frem a provisioning server

such as pr awflisnod thg ey mewhith Glaseid ked addpaidn ddtufsesPAoB s thbeighlibhg
client sets the control paranmeter to the received value (122). In addition,
the MTSI cloveit Conggptipn @fS@»@w@s wEentadeptabemphie inficast g diptsntigsgon rate
transm ssi | t nglj I r ce

w th the nanly aEeSenfiRRIbA B0 e J0IS TR A I LR ReRECHRERECT,
in this di $&nostd & usBllydessithil enentedcm tihi nTomervAL Bove of a general

pur pose m croprocessor, digital signal processor (DSP), application

speci fic i MO&HH HEEPNGESIUS YO SIS, a evellof ipfeeyiydandetongesion agiionsy WhHEGA) |
programuabl e | ogi ¢, devi ces, (.PLDs 0 t her equival ent | ogic deyices.

rccor ai ngl yecere g i fipitiat Sghuicoio GRS Aot Hor ony B8y STty
refer to anps@hfions anBrelcafatibhe rdl Aol MBleSdiddIfUhesia @éccAly patdaiersBnuct ure
suitable for inplenentation of the techniques described herein. [0099] The
vari ous conpfsHERiic] fateyadapiation medwe rOntalichactioaalol disert Biansmissionistdehraie
conbi nati o har [ i r i i f. In
the 1 gur eadya A AERIE 030 UL RERs 1Ic LN Gyl B ROPRMAN, QMU UEREE)
However, ald0 teansévesdd aothe tsheaivalle chduglgnp edre of shedeasmidra path. NI &fnes ence
to these figures may be integrated into conbined units or nodul es within
common har dWRECE; PECPNRARE 8 I Shreifics ppriparctsr valpe shadrHges fromHbtor o wbsirt at i on
of features as conponents, units or nodules is intended to highlight
particul ar functional features for ease of illustration, and does not
necessarily require realization of such features by separate hardware,
firmvare, or software conponents. In sone cases, various units nmay be

i npl enent ed as programmabl e processes perforned by one or nore processors.
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be inplenented together in an integrated |ogic device or separately as

di screte but interoperable |logic devices. In various aspects, such
conmponentworzal/138048or ned at | east in part as one or nor @CiraiSeguoasssds ci rcui t
devices, which may be referred to 24 CEglectively as an integrated circuit
device, such as an integrated circuit chip or chipset. Such circuitry may

be provided |.n a single integrated circuit chip device or jn nultiple

i nt er oper aBMUCH I Bt 3R deroags @Ptsﬁ%ﬁ&e@éoﬁtoea@! aﬁ@%yngé@lﬁ%a@ﬁteawf of a
variety of [Lamgesiddi $pkaida AP, m8hu@t Per Rkl -ty tih@?%@éiﬁ‘g@p%? &L ons
and devices. In sonme aspects, for exanple, such conponents Tray rmpart of
a nobi | e deletaeestaucictiass.a wi r el ess conmuni cati on devi ce handset (e.g., a

bile tel handset) . [ 00 | f .Lnpl t i.n. sof t . th
Ve Ul Spgte,enisel) L LgPigpiit Lplenetsn solfvere, the, "L
storage nedigamMRldicM Godeddbhitst NAL TAIGL bprsiniRates MieRcG¥aSiderdy one

or nore processors, perforns one or nore of the nethods described above.
The conput edapteadaiodulst Wy sigaldreoli attanmdydetorgesipar dctohs.a FEPEEST piIogr am

pr oduct, ich .4 ncl yde, ckagqi mat eri al s. e conput er -readabl e
st or age n:gﬂﬁﬁﬁ%%%“@%HBEW@%Q%ﬁﬁagﬁﬂg%ﬁgé§mﬁgﬁﬁ?yﬂgéAN) such as synchronous
dynam ¢ r angeyn| A4&ES SellRPPAmEePEAM 82 @Az QR 1Yy TRERS ¥er[d8g5@ram|@@ﬁ' ylatile

random access nmenory (NVRAM, electrically erasable programmabl e read-only
menory ( EERROMV medrbssdderdpatymetrisc8Y andevaomesthrgeadmiquee ORINY disstosuicc

modi o, Any SOPUREY BRI OrLdt rit 2P BelTe 0t a h e s o pred O 9°
Pr OCEesSor S seifdé€ Pardfc@Nes Pio FHABR Nk opBRAES B afRidt Pe DPcrtibh OPFREICSSALS
ASIC s, FPGA's, or other equivalent integrated or discrete Io%ic circuitry.

[0100] Var irdfasidapipieen sraduleetrasanssiasside inde adpptatinns mgdulel Yk e hemugegdeaand

ot her aspeclRefus. %Hljansehgg SohtiRE pglfan{elf'e?s fS(i’l &foﬂt{lgll&lloqf-me rate adaptation
module 50 may represent one or more of media sender parameters 83. In some aspects,
video server 40 may provide multiple subsets of media sender parameters 83 that
correspond to different service levels provided by the network that includes video server
40 (service-specific subsets of media sender parameters 83 may intersect, i.e., overlap,
with one another). In this way, a network operator may alter a service-specific subset of
media sender parameters 83 without affecting other service-specific subsets of media
sender parameters 83. For example, a video server 40 may provide gold-, silver-, and
bronze-level services. A network operator may alter a subset of media sender
parameters 83 that corresponds to the bronze service level in order to affect the quality
of service of the network for video server 40 when it is operating at the bronze service
level. The following paragraphs describe each of media sender parameters 83. In some
aspects, time-related ones of media sender parameters 83 are denominated in
milliseconds.
[0081] MIN BIT RATE 83A specifies a minimum acceptable bit rate for a video
encoder, e.g., video encoder 46. MIN BIT RATE 83A may be expressed as a
percentage of the maximum bit rate supported for a video session (according to the
current level of service). As a result, a network operator need not set multiple ones of
MIN BIT RATE 83A in multiple service sets. If sending MTSI client 44 is unable to

support the value of MIN BIT RATE 83A, sending MTSI client 44 either puts the



25 CLAIMS: 1. A nmethod conpri sing: receiving, by a nedia device, a
value for a first one of a plurality of control paranmeters for a rate
adapt at i omoabyauB@BRM wherein the rate adaptation al gor iPCiMSAEINI0BITSE
conditions of a network and adjusts a c? ing rate of a nedia encoder based
on the network conditions and the plurality of control paraneters, wherein

each of the plurality of control K parapeters specifies thre hoI val ye or
a tining val tSHa%mCBHt bl o rdé%@oﬁge BK1o% &G e DARFproRt i B 3t 6%rP hmto

the network Fﬁpg“§ f%&ﬂQd%Qg“;lrst control parameter to the
a

value. 2. The —ne | mherel the nedi a device conprises a

Ml timedi a [0882¢ption yFRIeMmY iRee Hf &ﬁB bpricHien atmiRimiiraaotephdbld framdirae Syrst @dso
(MTSI) client that conprises the rate adaptation algorithm 3. The nethod
of clai m 1°neasF.&idh YiHeO pIceren 16 yMoF_ e ﬁA%‘%ﬁéﬁé@ BFRICYSAE PUABCECHRE al i ty

of subset s InSELRGR RASEFLL SuAL ol PARATELELR (RRGMASHIRL RLAG, LD one

of a plurali erei n each Service
| evel s defmﬁegxacd)ffgsemhfqualatya&hﬂsaqmmn@rﬁﬁédamnsem nailiblwhe@tesi of t he
met hod further conprises: ating the nedia device according to a

first one OHN R TRHNA $14 Hbmuétmlel ﬁ%lcp é@tél df sapeeYIA ST glerit 4etds HaEPe & i on
al gorithm g a‘!%Pg’% the V*Aﬁl i Of‘%?ﬂ@ Fh %fﬁ%fzﬁe?@nﬂﬂgnﬁ%f LLORSE0AR, éﬁ'tgt etW‘” k

condi ti ons sServi ce-speci aranmeters associ
with the fividgdb Ss&éMhC©n| @Rl - or %roﬂ;hechérewal@@l Ofrca®d, albmeh obhehei ﬂam@eofredl a

device is a nedia receiver, and
DROP_HOLD VIDEO 83G (described below).
[0083] MIN IMAGE QUALITY 83C specifies a minimum acceptable image quality for
a video encoder, e.g., video encoder 46. MIN IMAGE QUALITY 83C may be
expressed as a peak signal-to-noise ratio (PSNR) in decibels (dB). If sending MTSI
client 44 is unable to support the value of MIN IMAGE QUALITY 83C, sending MTSI
client 44 either puts the video stream on hold or drops the video stream, based on the
value of DROP_HOLD_ VIDEO 83G (described below).
[0084] RAMP UP RATE 83D specifies a rate at which a video encoder, e.g., video
encoder 46, is to increase a target encoding rate to a higher rate limit. RAMP UP_ RATE
83D may be expressed in units of kbps per second. In some aspects, the higher rate
limit is set by transmission-side rate adaptation module 50 according to feedback 31
from receiver-side rate adaptation module 70, which may include a TMBBR message.
[0085] RAMP DOWN RATE 83E specifies a rate at which a video encoder, e.g., video
encoder 46, is to decrease a target encoding rate to a lower rate limit.
RAMP DOWN RATE 83E may be expressed in units of kbps per second. In some
aspects, the lower rate limit is set by transmission-side rate adaptation module 50
according to feedback 31 from receiver-side rate adaptation module 70. While ramping
down is often a necessary technique to relieve congestion, ramping up can be
undesirable due to sudden congestion on the transmission path. As a result,
RAMP DOWN RATE 83E is a parameter separate from RAMP UP_RATE 83D.
[0086] UPLINK RA 83F is a Boolean parameter that specifies whether sending MTSI
client 44 uses uplink rate adaptation, which involves using lower layer information
about uplink throughput in order to adapt the encoder rate and avoid media packet

congestion.



wherein the rate adaptation algorithm conprises a receiver-side rate
adaptation algorithmand adjusts the coding rate of the nedia encoder by
sendi ng fwoedbexil4si4® a nedia transmtter that includes tReTmSdéa/0e8T60der ,
wherein the feedback directs the nedia tpansmtter to adjust the coding
rate of the nedia encoder. 26 5. The nethod of claim1l1l, wherein the nedia
device is a nedia transmtter that iIncludes the medifglﬁencod r, and
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receiver-side rate adaptation module 70 is to put the video stream on hold or to drop the

video stream. DROP_HOLD VIDEO 83G is thus a drop or hold parameter. If receiver-
side rate adaptation module 70 puts the video stream on hold, receiver-side rate
adaptation module 70 may maintain QoS reservations. Otherwise, receiver-side rate
adaptation module 70 drops the QoS reservations for the video stream along with the
video stream itself. In some embodiments, a receiver-side rate adaptation module 70
that puts the video stream on hold may allow sending MTSI client 44 to continue
transmitting other media, such as audio.

[0088] INITIAL CODEC RATE 83H specifies the initial rate at which an encoder,
e.g., video encoder 26, is to transmit. In some aspects, INITIAL CODEC_RATE 83H
applies to audio encoders, video encoders, and/or test encoders.

[0089] FIG. 4 is an annotated graph 84 illustrating the playout margin as used according
to the techniques described herein. As illustrated, a playout margin for a packet is the
amount of time between arrival of a media packet at a media receiver, e.g., video
terminal 60, and the properly scheduled playout time for the media packet. To account
for jitter in the arrival times of packets, the playout margin is measured with respect to
the X percentile point in the overall packet arrival distribution for a time window.

[0090] TARGET PLAYOUT MARGIN MIN 81E and
TARGET PLAYOUT MARGIN HI 81F define a target range for the playout for
receiver-side rate adaptation module 70, while X PERCENTILE 81G specifies the
percentile of the packet arrival distribution to be used to measure the playout margin.
TARGET PLAYOUT MARGIN MIN 8I1E specifies a lower threshold for packet
playout. When a playout margin for a media receiver, e.g., video terminal 60, is lower
than TARGET PLAYOUT MARGIN MIN 81E, receiver-side rate adaptation module 70
may direct transmission-side rate adaptation module 50 to decongest the shared
downlink. TARGET PLAYOUT MARGIN HI 8IF specifies an upper (maximum)
threshold for packet playout. When a playout margin for a media receiver, e.g., video
terminal 60, is higher than TARGET PLAYOUT MARGIN HTI 8I1F, receiver-side rate
adaptation module 70 may direct transmission-side rate adaptation module 50 to, for

example, improve the media quality by increasing a coding rate.



an upper packet loss rate threshold; a first packet loss rate

nmeasur ement wi ndow that specifies a duration of a sliding wi ndow over which
t he rat e woaptoat4B@n al gorit hm neasures the | ower packet PCOAS201a1088756

t hreshol d; and a second packet |os$ rate neasurement w ndow that
specifies a duration of a sliding window over which the rate adaptation

al gorithm neasures the upper packet | oss rate threshold. 8. The nethod of
claim 1, wHERSH &Y st B M&r ameter is selddled froma gro@‘b‘i)

o i mam Bccepia & LR ARG D BB TR g kP PEGh S

schedul ed pitagtOwcelvier®ide rate adaptafivn imddulé J00sisepkaypacict mar @il ahdgllayout
speci fies an upper threshold of tine between a nedia packet arrival .and its
properly sékidul ed MHimpwiR t3e; high  playoyé, cemtgine 6 nt calenlafed f opsing

packet arrival gt %Adfio?}faib&%ﬂ\fﬂbﬁ haty specifies a perpgentile for megspring

a playout margin;— rst target playout wi ndow that specifies a
duration ofrarcT ditng ovmdow onew Wi ch t8H rat efoadapt ddmparisahgor i twih
observes and cal cul ates a margi n between nedi a packet arrivals and pl ayout
for the m MARERT &A1FetOUd APRATNEIG fLE ardi TARGET ZLAXEUAIMPABFGHL Hélﬁ%ut
w ndow thatr S 1ci Ei es a duration of a sliding w ndow over which the rate
adapt ati on 4Py ithm observes and cal cul ates a mar gi n bet ween nedi a packet

arrival s angoql| ayoutorh®r idpectipxiTaime@rgety PiayowINmgiMEN  81H  and
TARGET PLAYOUT M WINDOW HI 81l are different values to account for the
different priorities that network operators place on relieving congestion and improving
media quality. Network conditions that cause the playout margin to be too low may
compel immediate adaptation by receiver-side rate adaptation module 70 and
transmission-side  rate adaptation =~ module 50. As a  result,
TARGET PLAYOUT M WINDOW MIN 8IH may be set smaller than
TARGET PLAYOUT M WINDOW HI 81I, which receiver-side rate adaptation module
70 uses to detect larger playout margins.
[0092] FIG. 5 is an annotated graph 86 illustrating an example decongestion process
performed by exemplary receiver-side rate adaptation module 70 and transmission-side
rate adaptation module 50 according to the techniques of this disclosure. Receiver-side
rate adaptation module 70 detects congestion on a shared downlink according to one or
more media receiver parameters 81 and sends feedback 31 to transmission-side rate
adaptation module 50. In exemplary graph 86, feedback 31 includes a TMMBR
message directing transmission-side rate adaptation module 50 to lower the transmission
rate below the estimated sustainable rate of the transmission path. The TMMBR
message includes a TMMBR value 98 that specifies the lower transmission rate.
Transmission-side rate adaptation module 50 reduces its transmission rate at ramp down
rate 92 (as specified by RAMP DOWN RATE 83E). Reducing the transmission rate by a
media sender, e.g., video server 40, allows the network that includes the media sender to
reduce a backlog of congested packets.
[0093] Receiver-side rate adaptation module 70 then waits for a time specified by
DECONGEST TIME 81P before sending additional feedback 31 in the form of a second

TMMBR message directing transmission-side rate adaptation module 50 to increase the



27 9. The method of claim1l1l, wherein the first control paraneter is

sel ected froma group consisting of: an upper packet |oss nunber threshold;
a packet wozsiwmgsdasr neasurenment w ndow t hat specifies &Cursaiioss76é a
sliding wi ndow over which the rate adapE?tion al gorithm observes and
cal cul at es packet | osses for conparison o the upper packet |oss number
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burst condition. 10. The method of claim1l, wherein the first control
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i nterval val ue for ggi(;‘ream ?g @\ maximumrate |imt, and a second m ni num
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f eedback i AEEP YRt & SPEFt &atitngta’ ﬁg% rate linmt. 11. The
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group conS|st|ng decongest value and a decongest tine val ue. . The
met hod of oldei mtd,adapetien modde f70r shouddnparfirmpagaestier desongestent end fsret:)m a
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specifies a rate at which the rate adaptation algorithmis to | ncrease a
t arget encdoi PECONGESTo TAMRI §hienndicdtes [Hamiregenandide rate adaptation module 70
should perform conservative decongestion and set TMMBR value 98 below, but nearer
to, the highest sustainable rate of the transmission path. A value of zero for
DECONGEST TIME &1P indicates that receiver-side rate adaptation module 70 should
not direct transmission-side rate adaptation module 50 to perform any decongestion. In
some aspects, a network operator specifies values for DECONGEST 810 to control the
level of decongestion intensity.
[0095] FIG. 6 is a flowchart illustrating an exemplary operation of provisioning server
10 and video terminal 60 operating in UMTS network 2 according to the techniques of
this disclosure. Initially, a network operator monitors the network conditions in UMTS
network 2 (100) and the quality of experience at the UEs. Based on the network
conditions and measured quality of experience, the network operator uses provisioning
server 10 to modify one or more of media receiver control parameters 71 of receiver-
side rate adaptation module 70 in receiving MTSI client 64 of video terminal 60 (102).
Receiver-side rate adaptation module 70 operates according to the modified media
receiver control parameters 71 in order to adapt the transmission rate experienced by
video terminal 60 by generating and sending feedback 31 to video server 40 (104).
[0096] FIG. 7 is a flowchart illustrating an exemplary operation of provisioning server
10 and video server 40 operating in UMTS network 2 according to the techniques of
this disclosure. Initially, a network operator monitors the network conditions in UMTS
network 2 (110) and the quality of experience at the UEs. Based on the network
conditions and measured quality of experience, the network operator uses provisioning
server 10 to modify one or more of media sender control parameters 51 of transmission-
side rate adaptation module 50 in sending MTSI client 44 of video server 40 (112).

Transmission-side rate adaptation module 50 operates according to the modified media



a ranp down rate that specifies a rate at which the rate adaptation
algorithmis to decrease the target encoding rate to a lower rate limt.

14. The mwohot/@o48l ai m 1, wherein the first control paParaSe10i0387s€l ect ed
froma group consisting of an uplink ragg adaptati on paraneter, a drop hold
paraneter, and an initial codec rate. 15. An apparatus conpri sing:

a rate adaptation dul e conpri.sing a plurality of control paraneter
wher ei n thée?‘fi‘f éogg@@@m%?ﬁ%dﬁp “Frifhrqapt gﬂeémwssmsraf&ffjoav P WK %hd
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and the plurality of control “paranmeters, wherein eac the plurality of
control parandtostisampeci fies a threshold value or a tining val ue that

controls a e,of the rate.adaptati on nodule to t.he net :

cond 11 onoA0EA HE%s % of B5efir® iRPRb B bR RS chgahEf of T RES lienr ¢ ne
plurality @beang iPUMBE AFRLA! S a@deliseictht RRhhiqhsd oGARdiRIosBR! AmRtNTSt o t he
val ue. 16. The apparatus of claim 15 wherein the client conprises a

Ml ti medi a clienteiserivgs Sepleder fsonirpl parpaetePien dear apptetiore aligaribys thatds
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conditions (120). As one example, the MTSI client may receive the value for the
control parameter from a provisioning server, such as provisioning server 10 described
above. In response, the MTSI client sets the control parameter to the received value
(122). In addition, the MTSI client begins operating the rate adaptation to adapt the
transmission rate of a media encoder to network conditions in accordance with the
newly set control parameter (124).
[0098] The techniques described in this disclosure may be implemented within one or
more of a general purpose microprocessor, digital signal processor (DSP), application
specific integrated circuit (ASIC), field programmable gate array (FPGA),
programmable logic devices (PLDs), or other equivalent logic devices. Accordingly,
the terms “processor” or “controller,” as used herein, may refer to any one or more of
the foregoing structures or any other structure suitable for implementation of the
techniques described herein.
[0099] The various components illustrated herein may be realized by any suitable
combination of hardware, software, firmware, or any combination thercof. In the
figures, various components are depicted as separate units or modules. However, all or
several of the various components described with reference to these figures may be
integrated into combined units or modules within common hardware, firmware, and/or
software. Accordingly, the representation of features as components, units or modules
is intended to highlight particular functional features for ease of illustration, and does
not necessarily require realization of such features by separate hardware, firmware, or
software components. In some cases, various units may be implemented as
programmable processes performed by one or more processors.
[00100] Any features described herein as modules, devices, or components may
be implemented together in an integrated logic device or separately as discrete but
interoperable logic devices. In various aspects, such components may be formed at

least in part as one or more integrated circuit devices, which may be referred to



wherein the plurality of control paraneters include a plurality of subsets
of service-specific control paraneters each associated with one of a

pl uralitywofopemsise | evel s, wherein each of the plural iPCY/Usko19®B8rs5€ e

| evel s defines a different quality of segjvice for a user, wherein the
rate adaptation nodul e adjusts the coding rate of the nedia encoder based
on the network conditions and a subset of service-specific. controE
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conprising the nedia encoder, wherein the apparatus is a nedia transmtter
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part by a computer-readable data storage medium comprising code with instructions
that, when executed by one or more processors, performs one or more of the methods
described above. The computer-readable storage medium may form part of a computer
program product, which may include packaging materials. The computer-readable
storage medium may comprise random access memory (RAM) such as synchronous
dynamic random access memory (SDRAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), electrically erasable programmable read-only
memory (EEPROM), embedded dynamic random access memory (¢DRAM), static
random access memory (SRAM), flash memory, magnetic or optical data storage media.
Any software that is utilized may be executed by one or more processors, such as one or
more DSP’s, general purpose microprocessors, ASIC’s, FPGA’s, or other equivalent
integrated or discrete logic circuitry.

[0100] Various aspects have been described in this disclosure. These and other aspects

are within the scope of the following claims.



21. The apparatus of claim15, wherein the first control paraneter is

sel ected froma group consisting of: a |lower packet |oss rate threshold; an
upper packetoionasossat e t hreshol d; a first packet POTAISR@EDB38756

measur enent wi ndow t hat specifies a durg%ion of a sliding w ndow over which
the rate adaptation nodul e neasures the Tower packet |oss rate threshol d;
and ecogd packet | oss rate neasurenent w ndow that specifies a
duration o dlng wi ndow over which the rate adaptation nodul e nmeasures
t he upper packet |loss rate threshold. 22. The apparatus of claim 15,
wherein the first control paraneter is selected froma group consisting of:
a nininun1ﬂargev%pk&deDmm&Man that specifies a nininun1acceptab|e time

bet ween a nedi a acket arriv and its. propetl e t.tinme;
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bet ween a maeinftRaeretraRrddbpatioPldodithtn, RMEREA the rae RashthiRsh Q%&%ﬁhﬁt time;

a percentile point value for a packet arrival tine distribufion that

speci fi es anqetoresanilitions of a nefaou arrdgadausm @mg T ofi anmedia encodgr basedpnt ar get

pl ayout wi n?e netévgﬁ} 0?181? g L& th%p %t ! 001?[ %1 a alnlle e'rgl gwher%g%\a{\éhovﬁfle whi ch the
rate adapta 1 on noau serves culates a mar etween nedi a
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a response of the rate adaptation algorithm to the network conditions; and

setting the first control parameter to the value.

2. The method of claim 1, wherein the media device comprises a Multimedia
Telephony Service for Internet Protocol Multimedia Systems (MTSI) client that

comprises the rate adaptation algorithm.

3. The method of claim 1, wherein the plurality of control parameters include a
plurality of subsets of service-specific control parameters each associated with one of a
plurality of service levels, wherein each of the plurality of service levels defines a
different quality of service for a user, and wherein the method further comprises:
operating the media device according to a first one of the plurality of service
levels, wherein the rate adaptation algorithm adjusts the coding rate of the media
encoder based on the network conditions and a subset of service-specific control

parameters associated with the first service level.

4, The method of claim 1,

wherein the media device is a media receiver, and

wherein the rate adaptation algorithm comprises a receiver-side rate adaptation
algorithm and adjusts the coding rate of the media encoder by sending feedback to a
media transmitter that includes the media encoder, wherein the feedback directs the

media transmitter to adjust the coding rate of the media encoder.



a second target playout w ndow that specifies a duration of a sliding

w ndow over which the rate adaptati on nodul e observes and cal cul ates a
mar gi n bewoeern/me@B8a packet arrivals and pl ayout for theCwaszemesi’as get
playout margin. 30 23. The apparatus gf claim15, wherein the first
control paraneter is selected froma group consisting of: an upper packet
| oss nunber_ t hreshol d; a packet 1 oss nunber neasurenent w ndow t hat
speci fies & durdt &WWﬂd%f%yﬁhtng wi ndow over which the rate adaptation

modul e observes g %Hec‘rﬁécﬁ& 8&19@&‘&%&1@&%%%1&@ th#AABAIESAO nicBial Ao dipPer
packet | oss nunber threshold; and a maxi mum Real - Ti me Transn ssion

Prot ocol (W) gap val ue that is a factor in a duration of tine that may
pass W t hout receivi.n i ore the rate .adaptation nodul e
oot ares o bur s ietiinnt ol 0 gaforgor B s ot bR AR el 1t he
first cont@ggtgﬁg @®hm S selected froma group consisting of a first

ntnlnuntfeedback erval value for decreasing a maximumrate limt, and a
second nlnlnuntfeedback interval value for increasing a maxi mum rate limt.

25. The apparat l’ﬁle?netﬁodaofmlagigl "‘"h%%e% L AGid 'erﬁshexc%%tvﬁ&’eo FRESHE! N

selected froma group consis econg ue an econgest tinme
val ue. 26. The apparat us of cIa|n115 mherein the first control paraneter
is selected froma group consisting of a mninumbit rate, a mninmmfrane
rate, and d- mi nilhgmst cd'zgg] } vx&herem the first control parameter is selected from a

group consisting of:

a lower packet loss rate threshold;

an upper packet loss rate threshold;

a first packet loss rate measurement window that specifies a duration of a sliding
window over which the rate adaptation algorithm measures the lower packet loss rate
threshold; and

a second packet loss rate measurement window that specifies a duration of a

sliding window over which the rate adaptation algorithm measures the upper packet loss

rate threshold.

8. The method of claim 1, wherein the first control parameter is selected from a
group consisting of:

a minimum target playout margin that specifies a minimum acceptable time
between a media packet arrival and its properly scheduled playout time;

a maximum target playout margin that specifies an upper threshold of time
between a media packet arrival and its properly scheduled playout time;

a percentile point value for a packet arrival time distribution that specifies a
percentile for measuring a playout margin;

a first target playout window that specifies a duration of a sliding window over
which the rate adaptation algorithm observes and calculates a margin between media
packet arrivals and playout for the minimum target playout margin; and

a second target playout window that specifies a duration of a sliding window
over which the rate adaptation algorithm observes and calculates a margin between

media packet arrivals and playout for the maximum target playout margin.



27. The apparatus of claim15, wherein the first control paraneter is

sel ected froma group consisting of: aranp up rate that specifies a
rate at wiOchiowiagossat e adaptati on nodule is to increasePaTiise@gen3sneodi ng
rate to a higher rate limt; and 3;ranp down rate that specifies a

rate at which the rate adaptation nodulé is to decrease the target encoding

rate to a lower rate lim¢t. . 28. The apparatus of claim 15, rein the
first control pgrhamﬂéqﬂ?éd% kb othegetp st @naeﬁp%ﬁgﬁegtswﬁ@%\%g%@ﬁl%p| i nk

rate adapt ali.oRgk@nEser. a drop or hold parameter, and an initial codec
rate. 31 "29. The apparatus of claim 13, wherein the apparatus conprises a
wi rel ess comuniapapparpadestiless noenbdsthreshold). The apparatus of claim 13,

wherein the apparatus,conprises one or nore inteqgrated circuit_.devi.ces.
31 A devi ce. ComgrPRt s numbSt ggleeins Wt o RGETES = Guielih o BEVIEE
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adaptation algorithm wherein the rate adaptation algorithmnonitors

condi ti ons fexf commesewiokhanppadpeist osanewberibreskald 2l a nedia encoder based
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d
each of the pl urald control par ers speci reshol d value or

a timng valdugatiohalf tig@thitahsy pask 8sponsecdiinghenddd packdapif@titiradd gorithmto

t he network conditions; and o
adaptation algorithm declares a burst condition.

10.  The method of claim 1, wherein the first control parameter is selected from a
group consisting of a first minimum feedback interval value for decreasing a maximum
rate limit, and a second minimum feedback interval value for increasing a maximum

rate limit.

11.  The method of claim 1, wherein the first control parameter is selected from a

group consisting of a decongest value and a decongest time value.

12.  The method of claim 1, wherein the first control parameter is selected from a
group consisting of a minimum bit rate, a minimum frame rate, and a minimum image

quality.

13.  The method of claim 1, wherein the first control parameter is selected from a
group consisting of:

a ramp up rate that specifies a rate at which the rate adaptation algorithm is to
increase a target encoding rate to a higher rate limit; and

a ramp down rate that specifies a rate at which the rate adaptation algorithm is to

decrease the target encoding rate to a lower rate limit.

14.  The method of claim 1, wherein the first control parameter is selected from a
group consisting of an uplink rate adaptation parameter, a drop hold parameter, and an

initial codec rate.



means for setting the first control paraneter to the value. 32. The device
of claim 31, wherein the device conprises a Miltinedia Tel ephony Service
for |Interwoetofvas@sol Miltinedia Systens (MISI) client. PC33IS20io®38¥6vi ce of
claim31l, wherein the plurality of contkgl parameters include a plurality
of subsets of service-specific control paraneters each associated with one
of a plurality of service |levels, wherein each of the plurality of service
| evel s defildes aTUMIPPEYEROTYERIMEty of service for a user, and wherein the

device further qQARNL§RSHion modyle BAPEsihOh ﬁﬁﬁ'i@toif@&ltl?dlﬁaﬁﬁi@t&g WEQhdi ng to
a first one of the plurality of service Igwels, wherein the rate adaptation

al gori t hm dlg§ mast slaptagox owidnly matierofonditmnrellh actenclodet adased cohing tete ofet wor k
conditions and,.a suhset of service-specific c r ol rapet ers associ at ed
Win the T erbrtSerpRgEef fensoRaiiof B Suufily SASGRE o n the.
device is armehids WRIRediM @hch GMNHe plurality WNES@loN piifictct! oatiaph airbgolRl gorithm
conprises a receiver-side rate adaptation al gorithm and adjusts the coding
rate of thealwedra tienapdelne Byt serdilngraspensb of kuctratcadagtation mpdyls id theer t hat

i ncludes th [ oder, wherein the feedback directs the nedia
transnittepsvgggﬁﬁﬂgﬁgSh%“%oding rate of the nedia encoder. 32 35. The
devi ce of cl ai ma3lient that receives a value for a first one of the plurality of control parameters

and sets the first control parameter to the value.

16. The apparatus of claim 15, wherein the client comprises a Multimedia
Telephony Service for Internet Protocol Multimedia Systems (MTSI) client that

comprises the rate adaptation module.

17.  The apparatus of claim 15,

wherein the plurality of control parameters include a plurality of subsets of
service-specific control parameters each associated with one of a plurality of service
levels, wherein each of the plurality of service levels defines a different quality of
service for a user,

wherein the rate adaptation module adjusts the coding rate of the media encoder
based on the network conditions and a subset of service-specific control parameters

associated with a first one of the plurality of service levels.

18.  The apparatus of claim 15,

wherein the apparatus is a media receiver, and

wherein the rate adaptation module comprises a receiver-side rate adaptation
module and adjusts the coding rate of the media encoder by sending feedback to a
media transmitter that includes the media encoder, wherein the feedback directs the

media transmitter to adjust the coding rate of the media encoder.

19.  The apparatus of claim 15, further comprising the media encoder,
wherein the apparatus is a media transmitter, and
wherein the rate adaptation module comprises a transmitter-side rate adaptation

module.



wherein the device is a nedia transmtter that includes the nedia encoder,
and wherein the rate adaptation algorithmconprises a transmtter-side rate
adapt at i onOabyorBi4Rm 36. The devi ce of claim 31, wherePaTiuseoMEs786 encoder
is a video encoder. 37. A conputer-reaggble storage nmedi um conprising
instructions for causing a progranmbl e processor to: receive, by a
nmedi a device, a value for a first one of a plurality of control paraneters
for a rate adaptation algorithm wherein the rate adaptation algorithm

moni tors copdi t RS HAfrafs BELIWRN s ANck&HiShEdia ReficPE 4 @li& Qcodermdi a
encoder based on thg network conditions and the plurality of conirol

paraneters, wherein each of the plurality of control paranmeters specifies a

adaptati on 24l goneARp BT AL (B Ton AR PR B EERRET R eclelirdibir o

paramet er tgodph@nVigliMLof: 38. The conputer-readabl e storage nedi um of claim
37, wherein the nmedia device conprises a Miultinmedia Tel ephony Service for
I nternet Prot ocallowel packetdps r&pshissholdMISI ) client that conprises the rate
adapt ati on algorlthm&qﬁ%%qgﬁ?mg%gg t@[.-readabl e storage nmedi umof claim

37, wherein theaBWB al contro 0paraneters include a plurality of

subsets of ser viadstspekdtflos reemidaglrepaintanmtiewshe3pdifssodiraico i didigne of
a plurality of service |evels, wherein each of the ?Iurality of service

| evel s def i'"iBdovy ougrwiele e rafg adpntytioy medily measyrey the loyea bacledt dpss gate her
conprisingéﬁggkﬂ&g$hons to cause a progranmabl e processor to: oper at e
t he medi a device’'according to a first one of the plurality of service

| evel s, wher ei n atsheondgtaeka daptrat inwaswatgont windvadhat spifidser duogtiompfraat e of

t he medi a epcoder. based on .the netwqrk condi ti ons and subset of
servi ce- spéﬁﬁmgame Py @a%ﬁ&r@tﬁgﬁa&@m 139@&6 HeesreHae pppgpagetlgst e
I evel . 33 rate threshold.

22.  The apparatus of claim 15, wherein the first control parameter is selected from a
group consisting of:

a minimum target playout margin that specifies a minimum acceptable time
between a media packet arrival and its properly scheduled playout time;

a maximum target playout margin that specifies an upper threshold of time
between a media packet arrival and its properly scheduled playout time;

a percentile point value for a packet arrival time distribution that specifies a
percentile for measuring a playout margin;

a first target playout window that specifies a duration of a sliding window over
which the rate adaptation module observes and calculates a margin between media
packet arrivals and playout for the minimum target playout margin; and

a second target playout window that specifies a duration of a sliding window
over which the rate adaptation module observes and calculates a margin between media

packet arrivals and playout for the maximum target playout margin.



40. The conput er-readabl e storage nmedi um of claim 37, wherein the nedia
device is a nedia receiver, and wherein the rate adaptation algorithm
conpri seswa 208cEBM8r - si de rate adaptation al gorithm andPatjussa1s/084786 codi ng
rate of the nedia encoder by sending feggback to a nedia transmtter that

i ncl udes the nedi a encoder, mherein t he eedback directs the nedia

transmtter _to adjust the g§ ahe of e nedi a encoder. 41, The
conput er - r @adabl’k eépm%lé OHNEPRithe tpt CQRYO! BRANEIE Iyslcieddim de is a
medi a t ransid b &nsibiad o fncludes the nedi a encoder, and wherein the

rate adaptation algorlthn1conpr|ses a transn1tter-5|de rate adaptation
algorithm 42, aﬁmep@qmphﬂémwmaa@ab%&mthgage medi um of claim 37, wherein

N N AR IR G T A
group consivghdig oérwifich MeahtcRagkelion 888l 8bRridiras balkaates packet losses for
comparison to the upper packet loss number threshold; and
a maximum Real-Time Transmission Protocol (RTP) gap value that is a factor in
a duration of time that may pass without receiving a media packet before the rate

adaptation module declares a burst condition.

24.  The apparatus of claim 15, wherein the first control parameter is selected from a
group consisting of a first minimum feedback interval value for decreasing a maximum
rate limit, and a second minimum feedback interval value for increasing a maximum

rate limit.

25.  The apparatus of claim 15, wherein the first control parameter is selected from a

group consisting of a decongest value and a decongest time value.

26.  The apparatus of claim 15, wherein the first control parameter is selected from a
group consisting of a minimum bit rate, a minimum frame rate, and a minimum image

quality.

27.  The apparatus of claim 15, wherein the first control parameter is selected from a
group consisting of:

a ramp up rate that specifies a rate at which the rate adaptation module is to
increase a target encoding rate to a higher rate limit; and

a ramp down rate that specifies a rate at which the rate adaptation module is to

decrease the target encoding rate to a lower rate limit.

28.  The apparatus of claim 15, wherein the first control parameter is selected from a
group consisting of an uplink rate adaptation parameter, a drop or hold parameter, and

an initial codec rate.



an upper packet loss rate threshold; a first packet loss rate

nmeasur ement wi ndow that specifies a duration of a sliding wi ndow over which
t he rat e woaptoat4B@n al gorit hm neasures the | ower packet PCOAS201a1088756

t hreshol d; and a second packet |og$ rate neasurenment w ndow that
specifies a duration of a sliding window over which the rate adaptation

al gorithm neasures the upper packet |loss rate threshold. 34 44. The
conput er-rggdam@e@%%ra@éogé'a% OFhEPRiths APPArAOBIRISEHEMIFISt cont r ol

par anet er i.snsln&Gtied dkviemgesoup consisting of: a mni numtarget
pl ayout margin that specifies a m ninum acceptable tine between a nedi a
packet arrival and its properly schedul ed pl ayout tine; a maxi num

target playgut in_that £ threshol d of tinme bet
et packel ar noaPPantte pf E8RF perhy B el RSt Bl g

percentil e jpemted\catuie déRkesa packet arrival time distribution that

specifies a percentile for neasuring a playout margin; a first target

pl ayout wi ndow that specifies a duration of a sliding wi ndow over which the

rate adaptation algorithm observes and cal cul ates a margi n between nedi a

packet arr?&als}%%%gaﬁé§%ﬁpnﬁ%r the m ninumtarget playout margin; and
means for receiving, by a media device, a value for a first one of a plurality of

control parameters for a rate adaptation algorithm, wherein the rate adaptation algorithm
monitors conditions of a network and adjusts a coding rate of a media encoder based on
the network conditions and the plurality of control parameters, wherein each of the
plurality of control parameters specifies a threshold value or a timing value that controls
a response of the rate adaptation algorithm to the network conditions; and

means for setting the first control parameter to the value.

32.  The device of claim 31, wherein the device comprises a Multimedia Telephony

Service for Internet Protocol Multimedia Systems (MTSI) client.

33.  The device of claim 31, wherein the plurality of control parameters include a
plurality of subsets of service-specific control parameters each associated with one of a
plurality of service levels, wherein each of the plurality of service levels defines a
different quality of service for a user, and wherein the device further comprises:

means for operating the device according to a first one of the plurality of service
levels, wherein the rate adaptation algorithm adjusts the coding rate of the media
encoder based on the network conditions and a subset of service-specific control

parameters associated with the first service level.

34. The device of claim 31,

wherein the device is a media receiver, and

wherein the rate adaptation algorithm comprises a receiver-side rate adaptation
algorithm and adjusts the coding rate of the media encoder by sending feedback to a
media transmitter that includes the media encoder, wherein the feedback directs the

media transmitter to adjust the coding rate of the media encoder.



a second target playout w ndow that specifies a duration of a sliding

w ndow over which the rate adaptation al gorithm observes and cal cul ates a
mar gi n bewoeern/me@B8a packet arrivals and pl ayout for theCwaszemesi’as get

pl ayout margin. 45. The conputer-reada@&e storage nedi um of cl ai m 37,
wherein the first control paraneter is Sélected froma group consisting of:
an upper packet | oss nunger.threshold; a packet | oss nunber

measur ementowi ndOWIEHSE O5pah fles a duration of a sliding w ndow over which

the rate adapt atyRRiahgqldim PRRBLMES AN Gk Gl RS theRAGKLENdBSS 834 T O
conparison to the upper packet | oss nunber threshold; and a maxi mum

Real - Ti me Tr ansmlesiiotheRristadepthti¢rRAIRYrihapconairises & hansnigermsiflactor in a
duration of tine that. pass w thout receiving a nedia packet before the
rate adapt &0F5AIeH %%?fﬁtgﬂﬂ% decl ares a burst condition. 46. The
conput er -r eadabl e storage nmedi um of claim 37, wherein the first contro
paranmeter is selected froma group consisting of a first m ni num feedback
i nterval vabue flde dgeice ebelpg3 b whoteimibe madie cheader is aayidecensedsnd i ni num
feedback interval value for increasing a maxinumrate limt. 47. The
conput er -r eadabl e storage nmedi um of claim 37, wherein the first contro

par anmet er i39. selfeedmeputéreadsbl@stotape aRARINS tomprisifg MsEetAYastcavahge and a
decongest tine value. 35 48. The conputer-readabl e storage nedi um of
clai m 37, WFRgTENAablsPreGossy tiont rol paraneter is sel ected froma group

gﬁgf: tS;' ng of a QAR MHMh Rlddid @hfoe, AvALOFSPA B! SH fadfiralif U BnfiNI MUM | mage
parameters for a rate adaptation algorithm, wherein the rate adaptation algorithm
monitors conditions of a network and adjusts a coding rate of a media encoder based on
the network conditions and the plurality of control parameters, wherein each of the
plurality of control parameters specifies a threshold value or a timing value that controls

a response of the rate adaptation algorithm to the network conditions; and

set the first control parameter to the value.

38.  The computer-readable storage medium of claim 37, wherein the media device
comprises a Multimedia Telephony Service for Internet Protocol Multimedia Systems

(MTSI) client that comprises the rate adaptation algorithm.

39.  The computer-readable storage medium of claim 37, wherein the plurality of
control parameters include a plurality of subsets of service-specific control parameters
cach associated with one of a plurality of service levels, wherein each of the plurality of
service levels defines a different quality of service for a user, and further comprising
instructions to cause a programmable processor to:

operate the media device according to a first one of the plurality of service
levels, wherein the rate adaptation algorithm adjusts the coding rate of the media
encoder based on the network conditions and a subset of service-specific control

parameters associated with the first service level.



49. The conput er-readabl e storage nmedi um of claim 37, wherein the first
control paraneter is selected froma group consisting of: a ranp up
rate thatwepenif8@s a rate at which the rate adaptati onpralrgseeioss7sse to
i ncrease a target encoding rate to a hi %ger rate limt; and a ranp
down rate that specifies a rate at which the rate adaptatlon algorithmis

to decrease the _target encodi rate to,.a | vver rate limt. 50. The
conputer-ré‘QdabI @ewwa@érwga@ﬁﬁ%ﬁge@%ﬂw claifAérlein the first control

par anmet er |s Se|V@f‘e}§ﬁitﬁerrﬁéal§.ng19éJig aqg&ﬁélsetcblggr gfigan uplink rate adaptation
paraneter, a drop or hold paraneter, and an initial codec rate.

wherein the rate adaptation algorlthrn comprises a receiver-side rate adaptation
algorithm and adjusts the coding rate of the media encoder by sending feedback to a
media transmitter that includes the media encoder, wherein the feedback directs the

media transmitter to adjust the coding rate of the media encoder.

41.  The computer-readable storage medium of claim 37,

wherein the media device is a media transmitter that includes the media encoder,
and

wherein the rate adaptation algorithm comprises a transmitter-side rate

adaptation algorithm.

42.  The computer-readable storage medium of claim 37, wherein the media encoder

18 a video encoder.

43.  The computer-readable storage medium of claim 37, wherein the first control
parameter is selected from a group consisting of:

a lower packet loss rate threshold;

an upper packet loss rate threshold;

a first packet loss rate measurement window that specifies a duration of a sliding
window over which the rate adaptation algorithm measures the lower packet loss rate
threshold; and

a second packet loss rate measurement window that specifies a duration of a
sliding window over which the rate adaptation algorithm measures the upper packet loss

rate threshold.
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44. The computer-readable storage medium of claim 37, wherein the first control
parameter is selected from a group consisting of:

a minimum target playout margin that specifies a minimum acceptable time
between a media packet arrival and its properly scheduled playout time;

a maximum target playout margin that specifies an upper threshold of time
between a media packet arrival and its properly scheduled playout time;

a percentile point value for a packet arrival time distribution that specifies a
percentile for measuring a playout margin;

a first target playout window that specifies a duration of a sliding window over
which the rate adaptation algorithm observes and calculates a margin between media
packet arrivals and playout for the minimum target playout margin; and

a second target playout window that specifies a duration of a sliding window
over which the rate adaptation algorithm observes and calculates a margin between

media packet arrivals and playout for the maximum target playout margin.

45.  The computer-readable storage medium of claim 37, wherein the first control
parameter is selected from a group consisting of:

an upper packet loss number threshold;

a packet loss number measurement window that specifies a duration of a sliding
window over which the rate adaptation algorithm observes and calculates packet losses
for comparison to the upper packet loss number threshold; and

a maximum Real-Time Transmission Protocol (RTP) gap value that is a factor in
a duration of time that may pass without receiving a media packet before the rate

adaptation algorithm declares a burst condition.

46.  The computer-readable storage medium of claim 37, wherein the first control
parameter is selected from a group consisting of a first minimum feedback interval
value for decreasing a maximum rate limit, and a second minimum feedback interval

value for increasing a maximum rate limit.

47.  The computer-readable storage medium of claim 37, wherein the first control
parameter is selected from a group consisting of a decongest value and a decongest time

value.
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48.  The computer-readable storage medium of claim 37, wherein the first control
parameter is selected from a group consisting of a minimum bit rate, a minimum frame

rate, and a minimum image quality.

49.  The computer-readable storage medium of claim 37, wherein the first control
parameter is selected from a group consisting of:

a ramp up rate that specifies a rate at which the rate adaptation algorithm is to
increase a target encoding rate to a higher rate limit; and

a ramp down rate that specifies a rate at which the rate adaptation algorithm is to

decrease the target encoding rate to a lower rate limit.

50.  The computer-readable storage medium of claim 37, wherein the first control
parameter is selected from a group consisting of an uplink rate adaptation parameter, a

drop or hold parameter, and an initial codec rate.



