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1. Introduction

This meno describes an RTP payl oad specification applicable to the
transm ssion of video streans encoded using the VP8 video codec

[ RFC6386]. The format described in this docunent can be used both in
peer -t o-peer and vi deo-conferencing applications.

VP8 i s based on the deconposition of frames into square sub-bl ocks of
pi xel s known as "macrobl ocks" (see Section 2 of [RFC6386]).

Predi ction of such sub-bl ocks using previously constructed bl ocks,
and adj ustment of such predictions (as well as synthesis of

unpredi cted bl ocks) is done using a discrete cosine transform
(hereafter abbreviated as DCT). In one special case, however, VP8
uses a "Wl sh-Hadanard" transform (hereafter abbreviated as WHT)
instead of a DCT. An encoded VP8 franme is divided into two or nore
partitions, as described in [ RFC6386]. The first partition
(prediction or node) contains prediction node paraneters and notion
vectors for all macroblocks. The renmining partitions all contain
the quanti zed DCT/VWHT coefficients for the residuals. There can be
1, 2, 4, or 8 DCT/WHT partitions per franme, depending on encoder
settings.

In summary, the payl oad format described in this docunent enables a
nunber of features in VP8, including:

o Taking partition boundaries into consideration, to inprove |oss
robustness and facilitate efficient packet-1oss conceal nent at the
decoder.

0 Tenporal scalability.

o Advanced use of reference franes to enable efficient error
recovery.

o Marking of franes that have no inpact on the decodi ng of any other
franme, so that these non-reference franes can be discarded in a
server or nedi a-aware network el enent if needed

2. Conventions, Definitions, and Abbreviations
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in [RFC2119].
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This docunent uses the definitions of [RFC6386]. |In particular, the
following terns are used.

Key frames: Franmes that are decoded without reference to any other
franme in a sequence (also called intraframes and |-frames).

Interfranes: Franes that are encoded with reference to prior franes,
specifically all prior frames up to and including the nost recent
key frane (also called prediction frames and P-franes).

ol den and altref franmes: alternate prediction franmes. Blocks in an
interframe nmay be predicted using blocks in the imediately
previous frane as well as the nost recent golden frane or altref
frame. Every key frane is automatically golden and altref, and
any interframe may optionally replace the nost recent gol den or
altref frane.

Macrobl ock: a square array of pixels whose Y (lum nance) dinensions
are 16x16 pi xel s and whose U and V (chrom nance) di nensions are
8x8 pi xel s.

Two definitions from[RFC4585] are al so used in this docunent.

RPSI: Reference picture selection indication. A feedback nessage to
| et the encoder know that the decoder has correctly decoded a
certain frane.

SLI: Slice loss indication. A feedback nmessage to let a decoder
i nforman encoder that it has detected the |oss or corruption of
one or several macrobl ocks.

3. Media Format Description

The VP8 codec uses three different reference frames for interframe
predi ction: the previous frane, the golden franme, and the altref
frame. Blocks in an interfrane nay be predicted using blocks in the
i medi ately previous frane as well as the nost recent golden frane or
altref frane. Every key frame is automatically golden and altref,
and any interframe may optionally replace the nost recent gol den or
altref frame. GColden franes and altref franes nmay al so be used to
increase the tolerance to dropped frames. The payl oad specification
in this meno has el enents that enabl e advanced use of the reference
franes, e.g., for inproved | oss robustness.

One specific use case of the three reference frame types is tenpora
scalability. By setting up the reference hierarchy in the
appropriate way, up to five tenporal |ayers can be encoded. (How to
set up the reference hierarchy for tenporal scalability is not within
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the scope of this nmeno.) Support for tenporal scalability is
provided by the optional TLOPICI DX and TID/ Y/ KEYI DX fields described
in Section 4.2. For a general description of tenporal scalability
for video coding, see [Sch07].

Anot her property of the VP8 codec is that it applies data
partitioning to the encoded data. Thus, an encoded VP8 frane can be
divided into two or nore partitions, as described in "VP8 Data Fornmat
and Decodi ng Cui de" [RFC6386]. The first partition (prediction or
node) contains prediction node paraneters and notion vectors for al
macr obl ocks. The remaining partitions all contain the transform
coefficients for the residuals. The first partition is decodable

wi t hout the renmaining residual partitions. The subsequent partitions
may be useful even if sone part of the frame is lost. Accordingly,

t hi s docunent RECOMMENDS that the frane be packetized by the sender
with each data partition in a separate packet or packets. This may
be beneficial for decoder-side error conceal nent, and the payl oad
format described in Section 4 provides fields that allow the
partitions to be identified even if the first partition is not
avai l abl e. The sender can, alternatively, aggregate the data
partitions into a single data streamand, optionally, split it into
several packets w thout consideration of the partition boundaries.
The receiver can use the length information in the first partition to
identify the partitions during decoding.

The format specification is described in Section 4. In Section 5, a
nmet hod to acknow edge recei pt of reference franes using RTCP
techni ques is descri bed.

The payl oad partitioning and the acknow edgi ng nethod both serve as
notivation for three of the fields included in the payload fornat:
the "PID", "1st partition size", and "Picturel D' fields. The ability
to encode a tenporally scal able stream notivates the "TLOPI Cl DX" and
"TID' fields.

4. Payl oad For nat
This section describes how the encoded VP8 bitstreamis encapsul ated
in RTP. To handle network | osses, usage of RTP/ AVPF [ RFC4585] is

RECOMVENDED. All integer fields in the specifications are encoded as
unsi gned integers in network octet order
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4.1. RTP Header Usage
The general RTP payload format for VP8 is depicted bel ow

0 1 2 3

01234567890123456789012345678901
B s S S i i i ks a ks st S S S S S S
|V=2|P|X] CC |M PT | sequence nunber |
R R R R e e s o S e R S S S S S S e e e e e
| ti mestanp |
B T e o i S I i i S S N iy St S I S S
| synchroni zati on source (SSRC) identifier |
+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+
| contributing source (CSRC) identifiers |
L:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:L
| VP8 payl oad descriptor (integer #octets) |

| I S S S S T i S e
| VP8 payl oad header (3 octets) |
T i T i S e S S S e 3
| VP8 pyld hdr |
B i S S S |
: Cctets 4..N of VP8 payl oad :
I +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-|+
| OPTI ONAL RTP paddi ng |
B s T s s e T o e S T ks et s oot ST S S S o S S 3

The VP8 payl oad descriptor and VP8 payl oad header will be descri bed
in Sections 4.2 and 4.3. OPTIONAL RTP paddi ng MJUST NOT be incl uded
unless the P bit is set. The figure specifically shows the fornat
for the first packet in a frane. Subsequent packets will not contain
the VP8 payl oad header and will have |l ater octets in the frame

payl oad.

Figure 1

Marker bit (M: MJST be set for the very |last packet of each encoded
frane in line with the normal use of the Mbit in video formats.
This enabl es a decoder to finish decoding the picture, where it
otherwi se may need to wait for the next packet to explicitly know
that the frame is conplete.

Payl oad type (PT): The assignnment of an RTP payl oad type for this

packet format is outside the scope of this docunent and will not
be specified here.
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Ti restanp: The RTP tinmestanp indicates the tinme when the frame was
sanmpled. The granularity of the clock is 90 kHz, so a delta of 1
represents 1/90, 000 of a second.

The remai ni ng RTP Fi xed Header Fields (V, P, X, CC, sequence
nunber, SSRC, and CSRC identifiers) are used as specified in
Section 5.1 of [RFC3550].

4.2. VP8 Payl oad Descri ptor

The first octets after the RTP header are the VP8 payl oad descri ptor,
with the follow ng structure. The single-octet version of the
PicturelDis illustrated to the left (Mbit set to 0), while the
dual -octet version (Mbit set to 1) is shown to the right.

01234567 01234567
R ol ok I S SN e R ol ok I S SN e
[ X RIN SR PID | (REQU RED) [ X RN SIR PID | (REQU RED)
. S N S . S N S
X: [1]L]TIK| RSV | (OPTIONAL) X [1]L]TIK| RSV | (OPTIONAL)
e S e o e S e o
I M PicturelD | (OPTIONAL) l: M PicturelD | (OPTIONAL)
R ol ok I S SN e R ol ok I S SN e
L: | TLOPICI DX | (OPTI ONAL) | PicturelD |
i N SR i N SR
T/K: |TID Y KEYIDX | (OPTIONAL)  L: |  TLOPICIDX | (OPTIONAL)
R S E o i o e e
T/K | TID Y KEYIDX | (OPTIONAL)
R ol ok I S SN e
Figure 2

X: Extended control bits present. Wen set to 1, the extension octet
MUST be provided i mediately after the nandatory first octet. |If
the bit is zero, all optional fields MIST be omitted. Note: this
X bit is not to be confused with the X bit in the RTP header.

R Bit reserved for future use. MJST be set to 0 and MJUST be ignored
by the receiver.

N. Non-reference frame. Wen set to 1, the frane can be di scarded
wi t hout affecting any other future or past frames. |If the
reference status of the frame is unknown, this bit SHOULD be set
to 0 to avoid discarding franes needed for reference.

Informative note: This docunent does not describe how to
determine if an encoded frane is non-reference. The reference
status of an encoded frame is preferably provided fromthe
encoder inplenentation.
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S: Start of VP8 partition. SHOULD be set to 1 when the first payl oad
octet of the RTP packet is the beginning of a new VP8 partition,
and MUST NOT be 1 otherwise. The S bit MJST be set to 1 for the
first packet of each encoded frane.

PID: Partition index. Denotes to which VP8 partition the first
payl oad octet of the packet belongs. The first VP8 partition
(contai ni ng nodes and notion vectors) MJST be |abeled with PID =
0. PID SHOULD be increnmented by 1 for each subsequent partition,
but it MAY be kept at 0 for all packets. PID cannot be |arger
than 7. If nore than one packet in an encoded frane contains the
same PID, the S bit MJST NOT be set for any packet other than the
first packet with that PID.

Wien the X bit is set to 1 in the first octet, the Extended Control
Bits field octet MIST be provided as the second octet. |If the X bit
is 0, the Extended Control Bits field octet MJUST NOT be present, and
no extensions (I, L, T, or K) are permtted.

I: PicturelD present. \When set to 1, the Picturel D MIST be present
after the extension bit field and specified as below. Oherw se,
Pi cturel D MUST NOT be present.

L: TLOPICI DX present. When set to 1, the TLOPI Cl DX MJUST be present
and specified as below, and the T bit MJST be set to 1.
O herwi se, TLOPI CI DX MJUST NOT be present.

T: TID present. Wen set to 1, the TID Y/ KEYI DX octet MJIST be
present. The TID Y part of the octet MJIST be specified as bel ow
If K(below) is set to 1 but Tis set to 0, the TID Y/ KEYI DX oct et
MUST be present, but the TID field MUST be ignored. |If neither T
nor Kis set to 1, the TID Y/ KEYI DX octet MJST NOT be present.

K: KEYI DX present. Wien set to 1, the TID Y/ KEYI DX octet MJST be
present. The KEYIDX part of the octet MJST be specified as bel ow
If T (above) is set to 1 but Kis set to 0, the TID Y/ KEYI DX oct et
MUST be present, but the KEYIDX field MJST be ignored. |If neither
T nor Kis set to 1, the TID Y/ KEYI DX octet MJST NOT be present.

RSV: Bits reserved for future use. MJST be set to 0 and MJST be
i gnored by the receiver.
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After the extension bit field follow the extension data fields that
are enabl ed.

The Picturel D extension: |If the |l bit is set to 1, the PicturelD
extension field MIUST be present, and it MJST NOT be present
otherwise. The field consists of two parts:

M The nost significant bit of the first octet is an extension
flag. If Mis set, the remainder of the PicturelD field MJST
contain 15 bits, else it MJST contain 7 bits. Note: this Mbit
is not to be confused with the Mbit in the RTP header

PicturelD: 7 or 15 bits (shown left and right, respectively, in
Figure 2) not including the Mbit. This is a running index of
the frames, which MAY start at a random val ue, MJIST increase by
1 for each subsequent frane, and MJUST wap to O after reaching
the maximum I D (all bits set). The 7 or 15 bits of the
Picturel D go fromnost significant to | east significant,
beginning with the first bit after the Mbit. The sender
chooses a 7- or 15-bit index and sets the Mbit accordingly.
The receiver MIST NOT assunme that the nunber of bits in
Picturel D stays the same through the session. Having sent a
7-bit PicturelDwith all bits set to 1, the sender nay either
wrap the PicturelDto 0 or extend to 15 bits and conti nue
i ncrenenting.

The TLOPICIDX extension: |If the L bit is set to 1, the TLOPI Cl DX
extension field MUST be present, and it MJST NOT be present
otherwi se. The field consists of one part:

TLOPICIDX: 8 bits tenporal level zero index. TLOPICIDX is a
running i ndex for the tenporal base l|ayer franmes, i.e., the
frames with TID set to 0. |If TIDis larger than 0, TLOPICl DX
i ndi cates on which base-layer frane the current inage depends.
TLOPI CI DX MUST be increnmented when TIDis 0. The index MAY
start at a randomvalue, and it MJST wap to O after reaching
t he maxi num nunber 255. Use of TLOPI Cl DX depends on the
presence of TID. Therefore, it is RECOMENDED that the TID be
used whenever TLOPICIDX is.

The TID Y/ KEYI DX extension: |If either of the T or K bits are set to
1, the TID Y/ KEYI DX extension field MUST be present. |t MJST NOT
be present if both T and K are zero. The field consists of three
parts:

TID: 2 bits tenporal-layer index. The TID field MJIST be ignored

by the receiver when the T bit is set equal to 0. The TID
field indicates which tenporal |ayer the packet represents.
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The | owest |ayer, i.e., the base |ayer, MJST have the TID set
to 0. Higher layers SHOULD i ncrenent the TID according to
their position in the layer hierarchy.

Y: 1 layer sync bit. The Y bit SHOULD be set to 1 if the current
frame depends only on the base layer (TID = 0) frane with
TLOPI CI DX equal to that of the current frame. The Y bit MJST
be set to 0 if the current frame depends on any other frane
than the base layer (TID = 0) frane with TLOPI Cl DX equal to
that of the current frame. Additionally, the Y bit MJIST be set
to O if any frame followi ng the current frame depends on a non-
base-l ayer frame ol der than the base-layer franme with TLOPI Cl DX
equal to that of the current frane. |If the Y bit is set when
the T bit is equal to 0, the current frame MJST only depend on
a past base-layer (TID=0) key frame as signaled by a change in
the KEYIDX field. Additionally, this frame MJST NOT depend on
any of the three codec buffers (as defined by [ RFC6386]) that
have been updated since the last tinme the KEYIDX field was
changed.

Informative note: This document does not describe how to
determ ne the dependency status for a frame; this information
is preferably provided fromthe encoder inplenentation. 1In the
case of unknown status, the Y bit can safely be set to O.

KEYIDX: 5 bits tenporal key frane index. The KEYIDX field MJST
be ignored by the receiver when the K bit is set equal to O.
The KEYIDX field is a running index for key frames. KEYI DX NMAY
start at a randomvalue, and it MJST wap to O after reaching
t he maxi mum nunber 31. When in use, the KEYI DX SHOULD be
present for both key franes and interfranes. The sender MJST
i ncrenent KEYI DX for key franes that convey paraneter updates
critical to the interpretation of subsequent franmes, and it
SHOULD | eave the KEYI DX unchanged for key franes that do not
contain these critical updates. |If the KEYIDX is present, a
recei ver SHOULD NOT decode an interframe if it has not received
and decoded a key franme with the sane KEYIDX after the |ast
KEYI DX wr apar ound.

Informative note: This docunment does not describe how to
determine if a key frane updates critical paraneters; this
information is preferably provided fromthe encoder

i npl enentation. A sender that does not have this information
may either onit the KEYIDX field (set K equal to 0) or

i ncrement the KEYIDX on every key frame. The benefit with the

latter is that any key-frame loss will be detected by the
recei ver, which can signal for re-transm ssion or request a new
key frane.
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Informative note: |nplenentations doing splicing of VP8 streans will
have to nmake sure the rules for incrementing TLOPI Cl DX and KEYI DX
are obeyed across the splice. This will likely require rewiting

val ues of TLOPI CI DX and KEYI DX after the splice.
4.3. VP8 Payl oad Header

The begi nning of an encoded VP8 franme is referred to as an
"unconpressed data chunk” in Section 9.1 of [RFC6386], and it al so
serves as a payl oad header in this RTP format. The codec bitstream
format specifies two different variants of the unconpressed data
chunk: a 3-octet version for interfranes and a 10-octet version for
key franmes. The first 3 octets are comon to both variants. 1In the
case of a key frane, the remaining 7 octets are considered to be part
of the remaining payload in this RTP format. Note that the header is
present only in packets that have the S bit equal to one and the PID
equal to zero in the payload descriptor. Subsequent packets for the
sanme frane do not carry the payl oad header.

The length of the first partition can always be obtained fromthe
first partition-size paraneter in the VP8 payl oad header. The VP8
bitstream format [ RFC6386] specifies that if multiple DCT/WHT
partitions are produced, the |location of each partition start is
found at the end of the first (prediction or nbde) partition. In
this RTP payl oad specification, the location offsets are considered
to be part of the first partition

01234567
R ol ok I S SN e
| SizeO|H VER |P
R R SR N
| Si zel |
i e e
| Si ze2 |
R ol ok I S SN e
| Octets 4..N of |
| VP8 payl oad
OPTI ONAL RTP

:1-- +- - - - - - +-:|-
| |
| padding |

B L T S

Fi gure 3
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4.4.

Wes

A packeti zer needs access to the P bit. The other fields are defined
in [ RFC6386], Section 9.1, and their meanings do not influence the
packetization process. None of these fields are nodified by the
packetization process.

P: Inverse key frane flag. Wien set to 0, the current frane is a key
frane. When set to 1, the current frame is an interfrane.
Defined in [ RFC6386]

Aggr egat ed and Fragnent ed Payl oads

An encoded VP8 franme can be divided into two or nore partitions, as
described in Section 1. It is OPTIONAL for a packetizer inplenmenting
this RTP specification to pay attention to the partition boundaries
within an encoded frame. |f packetization of a frame is done w thout
considering the partition boundaries, the PID field MAY be set to O
for all packets and the S bit MJST NOT be set to 1 for any other
packet than the first.

If the preferred usage suggested in Section 3 is followed, with each
packet carrying data fromexactly one partition, the S bit and PID
fields described in Section 4.2 SHOULD be used to indicate what the
packet contains. The PID field should indicate to which partition
the first octet of the payload belongs and the S bit indicates that
the packet starts on a new partition

If the packetizer does not pay attention to the partition boundaries,
one packet can contain a fragnment of a partition, a conplete
partition, or an aggregate of fragments and partitions. There is no
explicit signaling of partition boundaries in the payload, and the
partition lengths at the end of the first partition have to be used
to identify the boundaries. Partitions MJST be aggregated in
decoding order. Two fragnents fromdifferent partitions MAY be
aggregated into the sane packet along with one or nore conplete
partitions.

In all cases, the payload of a packet MJST contain data fromonly one
video frame. Consequently, the set of packets carrying the data from
a particular frame will contain exactly one VP8 Payl oad Header (see
Section 4.3) carried in the first packet of the frane. The last, or
only, packet carrying data for the frame MJST have the Mbit set in

t he RTP header.

tin, et al. St andards Track [ Page 12]



RFC 7741 RTP Payl oad Format for VP8 March 2016

4.

4.

4.

5.

5.

1

Exanpl e Al gorithns

Frame Reconstruction Al gorithm

Exanpl e of frame reconstruction al gorithm

1

2:

5.

2.

Collect all packets with a given RTP tinestanp.

Go through packets in order, sorted by sequence nunbers, if
packets are m ssing, send NACK as defined in [RFC4585] or decode
with mssing partitions, see Section 4.5.2 bel ow

A frame is conplete if the frame has no nissing sequence nunbers
the first packet in the frame contains S=1 with partld=0 and the
| ast packet in the frame has the marker bit set.

Partition Reconstruction Al gorithm

Exanpl e of partition reconstruction algorithm The algorithmonly
applies for the RECOMMENDED use case with partitions in separate

packets.

1: Scan for the start of a new partition; S=1

2: Continue scan to detect end of partition; hence, a new S=1
(previous packet was the end of the partition) is found or the
marker bit is set. |If aloss is detected before the end of the
partition, abandon all packets in this partition and continue the
scan repeating fromstep 1.

3: Store the packets in the conplete partition, continue the scan
repeating fromstep 1 until end of frame is reached.

4: Send all conplete partitions to the decoder. |If no conplete

partition is found discard the whole frane.
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4.6. Exanples of VP8 RTP Stream

A few exanpl es of how the VP8 RTP payl oad can be used are included
bel ow.

4.6.1. Key Frane in a Single RTP Packet
01234567

A T T S S
RTP header
M =

+

X=1, S=1, PID=20

o
+—= +
o
o
o

I =1

T

icturelD = 17

P=0

]
+
+

e

VP8 payl oad

+
|
|
+
|
+
0l
+
1]
+
|
+
|
+
|
+
|
i

FTHE T T T A T A T AT T+

4.6.2. Non-discardable VP8 Interframe in a Single RTP Packet; No
Picturel D

o

1234567
+ I

RTP header
M =
e

+

h
1

o
X
1

0 S=1;, PID=0

=

+— +
=

+— +
o
o
o

%)
+

z P=1

+-+-+
| 1]
+- +-+
| 1]
- - -+

B ek o I N R
VP8 payl oad
R R

+
|
|
-+
|
+
|
+
|
-+
|
+
|
+

T AT A T T 4
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4.6. 3.

RTP Payl oad Format for VP8

VP8 Partitions in Separate RTP Packets

First RTP packet; conplete first partition.

01234567
T S

+
RTP header
M =

o
+— +
=
=
o

Pi

cturelD = 17

P=1

R R i T e

R O O T
Cctets 4..L of
first VP8

+
|
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
|
| partition

+
I
|
+
I
-+
0l
+
1
+
I
-+
|
+
|
+
I
I
|

b e b b et

Second RTP packet; conplete second partition.

01234567

Remai ni ng VP8 |
partitions |

S

| RTP header |

| M=1 |

+- - - - - - - -+
[1]0]0]1]0/]0 01 X=1; S=1; PID =
B T i S T S

[1]0]0]0JO 00O I =1
S T et
|[O0O01000O01 PicturelD = 17
+- - - - - - - -+

I

|

B L T e S

Westin, et al. St andards Track

March 2016

[ Page 15]



RFC 7741 RTP Payl oad Format for VP8 March 2016

4.6.4. VP8 Frane Fragnmented across RTP Packets
First RTP packet; conplete first partition.

01234567

e

icturelD = 17

P=1

B L T e S

Second RTP packet; first fragment of second partition.

=1, S=1, PID=1

I =1

o
+— +
o
o
[EEN
+— 4+ 4+
X
!

000210001 PicturelD = 17

First fragnent|
of second |
partition |

B L T S
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Third RTP packet;

01234567
S i o

+
RTP header
M =

1 0

1

+- +-
| 0l
+- +-
||0
+- +-

0 010001
+++-+-+++
M d fragnent
of second

+
I
|
+
I
+
I
+
|
+
I
I
| partition

i I R S e e
Fourth RTP packet;

01234567
B R S

+- - +-
0/j0 01
e e -

0
1

0
- +
0001000
B i S N SR
Last fragment
of second

+
|
|
+
|
+
|
+
|
+
|
| ec
| partition

RTP Payl oad Format for VP8

second fragnment of second partition.

Picturel D = 17
+

I
I
I
+

| ast fragnment of second partition.

+

I

I

+

| X=1; Ss=0; PID=1
+

| 1 =1

+

| PicturelD = 17
+

I

I

I

B L T S
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4.6.5. VP8 Frane with Long PicturelD

5.

5.

PicturelD = 4711 = 001001001100111 binary (first 7 bits: 0010010,
last 8 bits: 01100111).

X=1, S=1; PID=0
I = 1;

Long PicturelD flag = 1
PicturelD = 4711

Cctets 4.. N of |
VP8 payl oad

;-+-+-+-+-+-+-+-;
Using VP8 with RPSI and SLI Feedback

The VP8 payl oad descriptor defined in Section 4.2 contains an
optional Picturel D paranmeter. This paraneter is included mainly to
enabl e use of reference picture selection indication (RPSI) and slice
| oss indication (SLI), both defined in [ RFC4585].

1. RPSI

The RPSI is a payl oad-specific feedback nmessage defined within the
RTCP- based feedback format. The RPSI nessage is generated by a
receiver and can be used in two ways. Either it can signal a
preferred reference picture when a | oss has been detected by the
decoder -- preferably then a reference that the decoder knows is
perfect -- or it can be used as positive feedback information to
acknow edge correct decoding of certain reference pictures. The
positive-feedback method is useful for VP8 used for point-to-point
(uni cast) conmuni cation. The use of RPSI for VP8 is preferably
conmbined with a special update pattern of the codec’s two specia
reference frames -- the golden frame and the altref frame -- in which
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they are updated in an alternating | eapfrog fashion. Wen a receiver
has received and correctly decoded a golden or altref frane, and that
frane has a PicturelD in the payl oad descriptor, the receiver can
acknow edge this sinply by sending an RPSI nessage back to the
sender. The nessage body (i.e., the "native RPSI bit string” in

[ RFCA585]) is sinply the Picturel D of the received frane.

5.2. SLI

The SLI is another payl oad-specific feedback nessage defined within
the RTCP-based feedback format. The SLI nmessage is generated by the
receiver when a loss or corruption is detected in a franme. The
format of the SLI nmessage is as foll ows [ RFC4585]:

0 1 2 3
01234567890123456789012345678901
B T e o i S I i i S S N iy St S I S S
| First | Nunber | PicturelD |
B s S S i i i ks a ks st S S S S S S

Figure 4

Here, First is the macrobl ock address (in scan order) of the first

| ost bl ock and Nunber is the nunber of |ost blocks, as defined in

[ RFCA585]. PicturelDis the six least significant bits of the codec-
specific picture identifier in which the I oss or corruption has
occurred. For VP8, this codec-specific identifier is naturally the
Picturel D of the current frame, as read fromthe payl oad descriptor.
If the payl oad descriptor of the current frane does not have a
Picturel D, the receiver MAY send the last received Picturel D+l in the
SLI nessage. The receiver MAY set the First paraneter to 0, and the
Nunmber paranmeter to the total nunber of nacrobl ocks per frame, even
though only part of the frame is corrupted. \When the sender receives
an SLI nessage, it can make use of the know edge fromthe | atest

recei ved RPSI nmessage. Knowi ng that the |ast golden or altref frane
was successfully received, it can encode the next frame with
reference to that established reference.

5.3. Exanple

The use of RPSI and SLI is best illustrated in an exanple. In this
exanpl e, the encoder nmay not update the altref frame until the |ast
sent golden frame has been acknow edged with an RPSI nessage. |[|f an

update is not received within sone tinme, a new golden frame update is
sent instead. Once the new golden frane is established and
acknow edged, the sanme rule applies when updating the altref frane.
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| Event | Sender | Receiver | Established
| | | | reference |

Send gol den frame
PicturelD = 0

Recei ve and decode
gol den frane

| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| 1001 | | Send RPSI (0) | |
| | | | |
| 1002 | Receive RPSI(0) | | gol den |
| | | | |
| | (sending regular | | |
I I franes) I I

| 1100 | Send altref frane | | |
| | PicturelD = 100 | | |
| | | | |
| | | Altref corrupted or | gol den |
o o | |
| 1101 | | Send SLI(100) | gol den |
| | | | |
| 1102 | Receive SLI(100) | | |
| | | | |
| 1103 | Send frane with | | |
| | reference to | | |
I I gol den I I I
| | | Receive and decode | gol den |
| | | frane (decoder state | |
| | | restored) | |
| | | | |
| | (sending regular | |

I I franes) I I I
| 1200 | Send altref frame | | |
| | PicturelD = 200 | | |
| | | | |
| | | Receive and decode | gol den |
| | | altref frame |

| | | | |
| 1201 | | Send RPSI (200) | |
| | | | |
| 1202 | Receive RPSI(200) | | altref

| | | | |
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(sendi ng regul ar

| | | | |
SR : :
| 1300 | Send golden franme | | |
| | PicturelD = 300 | | |
| | | | |
| | | Receive and decode | altref |
| | | golden frame | |
| | | | |
| 1301 | | Send RPSI (300) | altref

| | | | |
| 1302 | RPSI |ost | | |
| | | | |
| 1400 | Send gol den franme | | |
| | PicturelD = 400 | | |
| | | | |
| | | Receive and decode | altref |
| | | golden frane | |
| | | | |
| 1401 | | Send RPSI (400) | |
| | | | |
| 1402 | Receive RPSI(400) | | gol den |
Fomm - o e - o e e e e e e e e B S +

Tabl e 1: Exanple Signaling between Sender and Recei ver

Note that the scheme is robust to |loss of the feedback nmessages. |If
the RPSI is lost, the sender will try to update the gol den (or
altref) again after a while, without releasing the established
reference. Also, if an SLI is lost, the receiver can keep sending
SLI nessages at any interval allowed by the RTCP sending tining
restrictions as specified in [RFC4585], as long as the picture is
corrupt ed.

6. Payl oad Format Paraneters
Thi s payload fornat has two optional paraneters

6.1. Media Type Definition

This registration is done using the tenplate defined in [ RFC6838] and
foll owi ng [ RFC4855] .

Type nane:. video
Subt ype name: VP8

Required paraneters: None.
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Optional paraneters

These paraneters are used to signal the capabilities of a receiver
inpl ementation. |If the inplementation is willing to receive
medi a, both parameters MJST be provided. These paraneters MJIST
NOT be used for any other purpose.

max-fr: The value of max-fr is an integer indicating the maxi num
frane rate in units of frames per second that the decoder is
capabl e of decodi ng.

max-fs: The value of max-fs is an integer indicating the maxi nrum
frane size in units of nmacrobl ocks that the decoder is capable
of decodi ng.
The decoder is capable of decoding this frame size as |long as
the width and height of the frame in nacrobl ocks are | ess than
int(sgrt(max-fs * 8)). For instance, a max-fs of 1200 (capable
of supporting 640x480 resolution) wll support w dths and
hei ghts up to 1552 pixels (97 macrobl ocks).
Encodi ng consi derati ons:
This nmedia type is framed in RTP and contains binary data; see
Section 4.8 of [RFC6838].
Security considerations: See Section 7 of RFC 7741.
Interoperability considerations: None.

Publ i shed specification: VP8 bitstreamfornmat [RFC6386] and RFC
7741.

Applications that use this nedia type:
For exanple: Video over |P, video conferencing.

Fragnent identifier considerations: NA
Addi tional information: None.

Person & enmnil address to contact for further infornmation:
Patrik Westin, patrik.westin@nmail.com

I ntended usage: COMVON
Restrictions on usage:

This media type depends on RTP fram ng, and hence it is only
defined for transfer via RTP [ RFC3550].
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Author: Patrik Westin, patrik.westin@nail.com

Change controller:
| ETF Payl oad Worki ng Group del egated fromthe | ESG

6.2. SDP Paraneters
The receiver MJST ignore any fntp paranmeter unspecified in this nmeno.
6.2.1. Mapping of Media Subtype Paraneters to SDP

The nmedia type video/ VP8 string is mapped to fields in the Session
Description Protocol (SDP) [RFC4566] as foll ows:

o The nedia nane in the "nE" |ine of SDP MJST be video.

0o The encoding name in the "a=rtpmap" |ine of SDP MJUST be VP8 (the
medi a subtype).

0 The clock rate in the "a=rtpmap" |ine MJST be 90000.

0 The paraneters "max-fs" and "max-fr" MJST be included in the
"a=fntp" line if the SDP is used to declare receiver capabilities.
These paraneters are expressed as a nedia subtype string, in the
formof a sem colon-separated |ist of paraneter=val ue pairs.

6.2.1.1. Exanple
An exanpl e of nedia representation in SDP is as follows:

mevi deo 49170 RTP/ AVPF 98
a=rt pmap: 98 VP8/ 90000
a=fmt p: 98 max-fr=30; max-fs=3600;

6.2.2. O fer/Answer Considerations

The VP8 codec offers a decode conplexity that is roughly linear with
t he nunber of pixels encoded. The paraneters "max-fr" and "nmax-fs"
are defined in Section 6.1, where the nacrobl ock size is 16x16 pixels
as defined in [ RFC6386], the max-fs and max-fr paraneters MJIST be
used to establish these limts.
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7. Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP

speci fication [ RFC3550], and in any applicable RTP profile such as
RTP/ AVP [ RFC3551], RTP/ AVPF [ RFC4585], RTP/ SAVP [ RFC3711], or RTP/
SAVPF [ RFC5124]. However, as "Securing the RTP Protocol Framework:
Why RTP Does Not Mandate a Single Media Security Solution" [RFC7202]
di scusses, it is not an RTP payload format’s responsibility to

di scuss or mandate what solutions are used to neet the basic security
goals like confidentiality, integrity, and source authenticity for
RTP in general. This responsibility Iays on anyone using RTP in an
application. They can find guidance on avail able security nechani sns
and i nportant considerations in "Options for Securing RTP Sessions"

[ RFC7201]. Applications SHOULD use one or nore appropriate strong
security nechanisns. The rest of this security consideration section
di scusses the security inpacting properties of the payload format
itself.

This RTP payl oad format and its medi a decoder do not exhibit any
significant difference in the receiver-side conputational conplexity
for packet processing and, thus, are unlikely to pose a deni al - of -
service threat due to the receipt of pathol ogical data. Nor does the
RTP payl oad format contain any active content.

8. Congestion Contro

Congestion control for RTP SHALL be used in accordance with RFC 3550
[ RFC3550] and with any applicable RTP profile; e.g., RFC 3551

[ RFC3551]. The congestion control mechanismcan, in a real-tine
encodi ng scenari o, adapt the transmission rate by instructing the
encoder to encode at a certain target rate. Media-aware network

el ements MAY use the information in the VP8 payl oad descriptor in
Section 4.2 to identify non-reference frames and discard themin
order to reduce network congestion. Note that discarding of non-
reference frames cannot be done if the streamis encrypted (because
the non-reference marker is encrypted).

9. | ANA Consi derations

The 1 ANA has registered a nedia type as described in Section 6.1.
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