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Abst r act
Thi s docunment updates RFC 5104 by fixing a shortcomng in the
speci fication | anguage of the Codec Control Message Full Intra
Request (FIR) description when using it with |ayered codecs. In

particul ar, a decoder refresh point needs to be sent by a nedia
sender when a FIR is received on any layer of the layered bitstream
regardl ess of whether those |ayers are being sent in a single or in
multiple RTP flows. The other payl oad-specific feedback nessages
defined in RFC 5104 and RFC 4585 (whi ch was updated by RFC 5506) have
al so been anal yzed, and no correspondi ng shortcom ngs have been

f ound.

Status of This Meno
This is an Internet Standards Track docunent.

This docunent is a product of the Internet Engi neering Task Force
(IETF). It represents the consensus of the |IETF comunity. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Group (IESG. Further information on
Internet Standards is available in Section 2 of RFC 7841.

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it nay be obtained at
http://ww. rfc-editor.org/info/rfc8082
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1

I ntroduction and Probl em St at enent

The "Extended RTP Profile for Real-tine Transport Control Protoco
(RTCP) - Based Feedback (RTP/ AVPF)" [RFC4585] and "Codec Contro
Messages in the RTP Audio-Visual Profile with Feedback (AVPF)"

[ RFC5104] specify a nunmber of payl oad-specific feedback nmessages that
a nedia receiver can use to informa nedia sender of certain
conditions or to nake certain requests. The feedback nessages are
bei ng sent as RTCP receiver reports, and RFC 4585 specifies timing
rul es that nmake the use of those nessages practical for tinmne-
sensitive codec control

Since the tine those RFCs were devel oped, |ayered codecs have gai ned
in popularity and depl oynent. Layered codecs use nmultiple sub-
bitstreans called "layers" to represent the content in different
fidelities. Depending on the nmedia codec and its RTP payl oad for mat
in use, a nunber of options exist on howto transport those layers in
RTP. Sunmarizing "A Taxonony of Semantics and Mechani sns for Real -
Time Transport Protocol (RTP) Sources" [RFC7656]):

single layers or groups of layers may be sent in their own RTP
streams in Miultiple RTP streans on a Single nmedia Transport (MRST)
or Multiple RTP streans on Miultiple nmedia Transports (NMRMI) node;

usi ng nedi a- codec specific multiplexing nechanisns, nultiple
| ayers may be sent in a single RTP streamin Single RTP stream on
a Single nmedia Transport (SRST) node

The dependency rel ati onship between layers in a truly |ayered,

pyr am d- shaped bitstreamforns a directed graph, with the base |ayer
at the root. Enhancenent |ayers depend on the base |ayer and
potentially on other enhancenent |ayers, and the target |ayer and al
| ayers it depends on have to be decoded jointly in order to recreate
t he unconpressed nedia signal at the fidelity of the target |ayer.
Such a layering structure is assuned henceforth; for nore exotic

| ayering structures, please see Section 5.

| mpl enent ati on experience has shown that the Full Intra Request (FIR)
command as defined in [ RFC5104] is underspecified when used with

| ayered codecs and when nore than one RTP streamis used to transport
the layers of a layered bitstreamat a given fidelity. 1In
particular, fromthe [ RFC5104] specification |anguage, it is not
clear whether a FIR received for only a single RTP streamof nultiple
RTP streans covering the same |ayered bitstream necessarily triggers
the sending of a decoder refresh point (as defined in [ RFC5104],
Section 2.2) for all layers, or only for the layer that is
transported in the RTP streamthat the FIR request is associ ated
with.
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This docunent fixes this shortcom ng by:

a. Updating the definition of the decoder refresh point (as defined
in [RFC5104], Section 2.2) to cover |ayered codecs, in line with
the corresponding definitions used in a popul ar | ayered codec
format, nanely H. 264/ SVC (Scal abl e Video Codi ng) [H. 264].
Specifically, a decoder refresh point, in conjunction wth
| ayered codecs, resets the state of the whole decoder, which
inplies that it includes hard or gradual single-layer decoder
refresh for all |ayers;

b. Requiring a nedia sender to send a decoder refresh point after
the medi a sender has received a FIR over an RTCP stream
associ ated with any of the RTP streans over which a part of the
| ayered bitstreamis transported;

c. Requiring that a nedia receiver send the FIR on the RTCP stream
associated with the base layer. The option of receiving FIR on
t he enhancenent - | ayer - associ ated RTCP stream as specified in
poi nt b) above is kept for backward conpatibility; and

d. Providing guidance on how to detect that a layered bitstreamis
in use for which the above rules apply.

While, clearly, the reaction to FIR for layered codecs in [ RFC5104]
and the conpani on docunents is underspecified, it appears that this
is not the case for any of the other payl oad-specific codec contro
messages defined in [ RFC4585] and [RFC5104]. A brief summary of the
analysis that led to this conclusion is also included in this
docunent .

2. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

3. Updated Definition of Decoder Refresh Point

The remai nder of this section replaces the definition of decoder
refresh point in Section 2.2 of [RFC5104] in its entirety.

Decoder Refresh Point: A bit string, packetized in one or nore RTP
packets, that conpletely resets the decoder to a known state.

Wenger, et al. St andards Track [ Page 4]



RFC 8082 CCM for Layered Codecs March 2017

Exanpl es for "hard" single-layer decoder refresh points are Intra
pictures in H 261 [H 261], H 263 [H 263], MPEG 1 [ MPEG 1], MPEG 2

[ MPEG 2], and MPEG 4 [ MPEG 4]; I|nstantaneous Decoder Refresh (1DR)
pictures in H 264 [H 264] and H. 265 [H. 265]; and keyframes in VP8

[ RFC6386] and VP9 [VP9-BI TSTREAM . "Gradual" decoder refresh points
may al so be used; see, for exanple, H 264 [H 264]. Wile both "hard"
and "gradual " decoder refresh points are acceptable in the scope of
this specification, in nost cases the user experience will benefit
fromusing a "hard" decoder refresh point.

A decoder refresh point also contains all header information above
the syntactical |level of the picture layer that is conveyed in-band.
In [H 264], for exanple, a decoder refresh point contains those
paraneter set Network Adaptation Layer (NAL) units that generate
paraneter sets necessary for the decoding of the follow ng slice/data
partition NAL units. (That is, assuming the paraneter sets have not
been conveyed out of band.)

When a | ayered codec is in use, the above definition -- in
particular, the requirenent to conpletely reset the decoder to a
known state -- inplies that the decoder refresh point includes hard
or gradual single-layer decoder refresh points for all |ayers.

4. Full Intra Request for Layered Codecs

A nedi a receiver or niddl ebox nmay decide to send a FIR command based
on the guidance provided in Section 4.3.1 of [RFC5104]. Wen sending
the FIR command, it MJST target the RTP streamthat carries the base
| ayer of the layered bitstream and this is done by setting the
Feedback Control Information (FCl) (and, in particular, the
synchroni zati on source (SSRC) field therein) to refer to the SSRC of
the forward RTP streamthat carries the base |ayer

When a Full Intra Request command is received by the designated nedi a
sender in the RTCP stream associated with any of the RTP streans in
whi ch any layer of a layered bitstreamare sent, the designated nedia
sender MJST send a decoder refresh point (Section 3) as defined above
at its earliest opportunity. The requirenments related to congestion
control on the forward RTP streans as specified in Sections 3.5.1 and
5 of [RFC5104] apply for the RTP streans both in isolation and

conbi ned.

Note: the requirenent to react to FIR commands associated with

enhancenent layers is included for robustness and backwar d-
conmpatibility reasons
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5. ldentifying the Use of Layered Bitstreans (I nformative)

The above nodifications to RFC 5104 unanbi guously define how to dea
with FIR commands when | ayered bitstreans are in use. However, it is
surprisingly difficult to identify the use of a |layered bitstream
In general, it is expected that inplenenters know when | ayered
bitstreans (in its commonly understood sense: with inter-Iayer

predi ction between pyranid-arranged | ayers) are in use and when not
and can therefore inplenment the above updates to RFC 5104 correctly.
However, there are scenarios in which |layered codecs are enpl oyed
creating non-pyrani d-shaped bitstreanms. Those scenarios may be

vi ewed as sonmewhat exotic today but clearly are supported by certain
vi deo codi ng syntaxes, such as H. 264/ SVC. Wen blindly applying the
above rules to those non-pyram d-arranged | ayering structures,
subopti mal system behavi or would result. Nothing would break, and
there woul d not be an interoperability failure, but the user

experi ence may suffer through the sending or receiving of decoder
refresh points at tines or on parts of the bitstreamthat are
unnecessary froma user experience viewpoint. Therefore, this

i nformative section is included that provides the current
under st andi ng of when a layered bitstreamis in use and when not.

The key observation made here is that the RTP payl oad fornmat
negotiated for the RTP streans, in isolation, is not necessarily an

i ndicator for the use of a layered bitstream Sone |ayered codecs
(including H 264/ SVC) can form decodabl e bitstreans including only
(one or nore) enhancenent |ayers, wthout the base |ayer, effectively
creating simulcastable sub-bitstreans within a single scal able
bitstream (as defined in the video codi ng standard), but w thout

inter-layer prediction. In such a scenario, it is potentially,
t hough not necessarily, counterproductive to send a decoder refresh
point on all layers for that payload format and nedia source. It is

beyond the scope of this docunment to discuss optinized reactions to
FIRs received on RTP streans carrying such exotic bitstreans.

One good indication of the likely use of pyram d-shaped |ayering with
inter-layer prediction is when the various RTP streans are "bound"
together on the signaling level. |In an SDP environnent, this would
be the case if they are marked as bei ng dependent on each other using
"The Session Description Protocol (SDP) G ouping Framework" [RFC5888]
and | ayer dependency [ RFC5583].
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6.

6.

Layered Codecs and Non-FI R Codec Control Messages (I nformative)

Bet ween t hem AVPF [ RFC4585] and Codec Control Messages [ RFC5104]
define a total of seven payl oad-specific feedback nmessages. For the
FI R command nessage, gui dance has been provided above. 1In this
section, sone information is provided with respect to the remaining
si x codec control nessages

1. Picture Loss Indication (PLI)

PLI is defined in Section 6.3.1 of [RFC4585]. The prudent response
to a PLI nessage received for an enhancenent |ayer is to "repair”
that enhancenent | ayer and all dependent enhancenent | ayers through
appropriate source-codi ng-specific neans. However, the reference

| ayer or layers used by the enhancenent |ayer for which the PLI was
received do not require repair. The encoder can figure out by itself
what constitutes a dependent enhancenent |ayer and does not need help
fromthe systemstack in doing so. Thus, there is nothing that needs
to be specified herein.

6.2. Slice Loss Indication (SLI)

6.

SLI is defined in Section 6.3.2 of [RFC4585]. The current
understanding is that the prudent response to an SLI nessage received
for an enhancenent layer is to "repair" the affected spatial area of
t hat enhancenment |ayer and all dependent enhancenent |ayers through
appropriate source-codi ng-specific neans. As in PLI, the reference
| ayers used by the enhancenent |ayer for which the SLI was received
do not need to be repaired. Again, as in PLI, the encoder can
determne by itself what constitutes a dependent enhancenent | ayer
and does not need help fromthe systemstack in doing so. Thus,
there is nothing that needs to be specified herein. SLI has seen
very little inplementation and, as far as it is known, none in
conjunction with | ayered systens.

3. Reference Picture Selection Indication (RPSI)

RPSI is defined in Section 6.3.3 of [RFC4585]. Wiile a technica

equi val ent of RPSI has been in use with non-layered systens for many
years, no inplenentations are known in conjunction of |ayered codecs.
The current understanding is that the reception of an RPSI nessage on
any layer indicating a mssing reference picture forces the encoder
to appropriately handle that mssing reference picture in the |ayer

i ndicated, and in all dependent layers. Thus, RPSI should work

wi t hout further need for specification | anguage.
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6.4. Tenporal -Spatial Trade-Of Request and Notification (TSTR TSTN)

TSTR/ TSTN are defined in Sections 4.3.2 and 4.3.3 of [RFC5104],
respectively. The TSTR request conmuni cates gui dance of the
preferred trade-of f between spatial quality and frame rate. A
techni cal equival ent of TSTR/ TSTN has seen depl oynent for nany years
i n non-scal abl e systens.

TSTR and TSTN nessages include an SSRC target, which, sinmlarly to
FIR, may refer to an RTP stream carrying a base | ayer, an enhancenent
layer, or nultiple layers. Therefore, the current understanding is
that the senmantics of the nessage applies to the layers present in
the targeted RTP stream

It is noted that per-layer TSTR/ TSTN is a nechanismthat is, in sone
ways, counterproductive in a systemusing |ayered codecs. Gven a
sufficiently conplex layered bitstream|layout, a sending system has
flexibility in adjusting the spatio/tenporal quality bal ance by
addi ng and renoving tenporal, spatial, or quality enhancenent | ayers.
At present, it is unclear whether an allowed (or even reconmrended)
option to the reception of a TSTRis to adjust the bit allocation
within the layer(s) present in the addressed RTP streamor to adj ust
the layering structure accordingly -- which can involve nore than
just the addressed RTP stream

Until there is a sufficient critical nass of inplenentation practice,
it is probably prudent for an inplenmenter not to assunme either of the
two options or any niddle ground that may exi st between the two.
Instead, it is suggested that an inplenentation be liberal in
accepting TSTR nessages and upon receipt, responding in TSTN

i ndi cating "no change". Further, it is suggested that new

i mpl ement ati ons do not send TSTR nmessages except when operating in
SRST node as defined in [RFC7656]. Finally, inplenmenters are
encouraged to contribute to the | ETF docunentati on of any

i npl ement ati on requirenments that nake per-layer TSTR/ TSTN usef ul

6.5. H. 271 Video Back Channel Message (VBCM

VBCM is defined in Section 4.3.4 of [RFC5104]. What was sai d above
for RPSI (Section 6.3) applies here as well

7. | ANA Consi derati ons

This meno includes no request to | ANA
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8.

9.

9.

9.

Security Considerations

The security considerations of AVPF [ RFC4585] (as updated by " Support
for Reduced-Size Real -Tine Transport Control Protocol (RTCP):
Opportunities and Consequences” [RFC5506]) and Codec Control Messages
[ RFC5104] apply. The clarified response to FIR does not introduce
addi tional security considerations.

Ref er ences
1. Nor mati ve Ref erences

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", BCP 14, RFC 2119,
DA 10.17487/ RFC2119, March 1997,
<http://www. rfc-editor.org/info/rfc2119>.

[ RFC4585] Ot, J., Wnger, S., Sato, N, Burneister, C, and J. Rey,
"Extended RTP Profile for Real-tinme Transport Control
Prot ocol (RTCP)-Based Feedback (RTP/ AVPF)", RFC 4585,
DA 10.17487/ RFCA585, July 2006,
<http://ww. rfc-editor.org/info/rfc4585>.

[ RFC5104] Wenger, S., Chandra, U, Westerlund, M, and B. Burnan,
"Codec Control Messages in the RTP Audio-Visual Profile
wi th Feedback (AVPF)", RFC 5104, DO 10.17487/ RFC5104,
February 2008, <http://www. rfc-editor.org/info/rfc5104>.

[ RFC5506] Johansson, |. and M Westerlund, "Support for Reduced-Size
Real - Ti me Transport Control Protocol (RTCP): Qpportunities
and Consequences", RFC 5506, DO 10.17487/ RFC5506, April
2009, <http://www.rfc-editor.org/info/rfc5506>.

2. I nformati ve References

[ H 261] | TU-T, "Video codec for audiovisual services at p x 64
kbit/s", ITUT Recommendati on H. 261, March 1993,
<http://handle.itu.int/11. 1002/ 1000/ 1088>.

[ H 263] I TU-T, "Video coding for low bit rate communication",
| TU-T Recommendati on H. 263, January 2005,
<http://handle.itu.int/11.1002/1000/7497>.

[ H 264] | TUT, "Advanced video coding for generic audiovisual
services", |ITU T Recomendati on H 264, Version 11, OCctober
2016, <http://handle.itu.int/11.1002/1000/12904>.

Wenger, et al. St andards Track [ Page 9]



RFC 8082

[ H. 265]

[ MPEG- 1]

[ MPEG- 2]

[ MPEG 4]

[ RFC5583]

[ RFC5888]

[ RFC6386]

[ RFC7656]

CCM for Layered Codecs March 2017

I TUT, "H gh efficiency video coding", ITUT
Recomendati on H. 265, Version 4, Decenber 2016,
<http://handle.itu.int/11.1002/1000/12905>.

ISOI1EC "Information technology -- Coding of noving

pi ctures and associated audio for digital storage nedia at
up to about 1,5 Miit/s -- Part 2: Video", |SQO

| EC 11172-2: 1993, August 1993.

ISOIEC "Information technology -- Ceneric coding of
nmovi ng pictures and associ ated audio information -- Part
2: Video", SO |EC 13818-2:2013, Cctober 2013.

ISOIEC "Information technology -- Coding of audio-visual
objects -- Part 2: Visual", 1SOIEC 14496-2: 2004, June
2004.

Schierl, T. and S. Wenger, "Signaling Media Decoding
Dependency in the Session Description Protocol (SDP)",
RFC 5583, DO 10.17487/ RFC5583, July 2009,
<http://www. rfc-editor.org/info/rfc5583>.

Camarillo, G and H Schul zrinne, "The Session Description
Prot ocol (SDP) G ouping Franmework", RFC 5888,

DA 10.17487/ RFC5888, June 2010,
<http://ww.rfc-editor.org/info/rfc5888>.

Bankoski, J., Koleszar, J., Qillio, L., Salonen, J.,

WIlkins, P., and Y. Xu, "VP8 Data Format and Decodi ng
Gui de", RFC 6386, DO 10.17487/ RFC6386, Novenber 2011,
<http://ww.rfc-editor.org/info/rfc6386>.

Lennox, J., Goss, K, Nandakumar, S., Salgueiro, G, and
B. Burman, Ed., "A Taxonony of Semantics and Mechani sns
for Real -Tine Transport Protocol (RTP) Sources", RFC 7656,
DA 10.17487/ RFC7656, Novenber 2015,
<http://ww.rfc-editor.org/infol/rfc7656>.

[ VP9- Bl TSTREAM

Wenger ,

et al.

Grange, A, de Rivaz, P., and J. Hunt, "VP9 Bitstream &
Decodi ng Process Specification", Version 0.6, March 2016,
<ht t ps:// st orage. googl eapi s. conml downl oads. webnpr oj ect. or g/
docs/ vp9/ vp9- bi t st ream speci fi cati on-

v0. 6- 20160331-dr af t . pdf >.

St andards Track [ Page 10]



RFC 8082 CCM for Layered Codecs March 2017

Acknowl edgenent s
The aut hors want to thank M Zanaty for useful discussions.
Aut hors’ Addresses

St ephan Wenger
Vi dyo, Inc.

Email: stewe@tewe.org

Jonat han Lennox
Vi dyo, Inc.

Emai | : j onat han@i dyo. com

Bo Bur nan

Eri csson

Ki st avagen 25

SE - 164 80 Kista
Sweden

Emai | : bo. burman@ri csson. com

Magnus Westerl und
Eri csson

Far ogatan 2

SE - 164 80 Kista
Sweden

Phone: +46107148287
Emai | : magnus. west erl und@ri csson. com

Wenger, et al. St andards Track [ Page 11]



