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I ntroduction

Thi s docunent describes an RTP [ RFC3550] payl oad specification
applicable to the transm ssion of video streans encoded using the VP9
vi deo codec [VP9-BI TSTREAM . The format described in this docunent
can be used both in peer-to-peer and video conferencing applications.

The VP9 video codec was devel oped by Google and is the successor to
its earlier VP8 [ RFC6386] codec. Above the conpression inprovenments
and ot her general enhancenents to VP8, VP9 is also designed in a way
that allows spatially scal able video encodi ng.

Conventi ons

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here

Medi a Format Description

The VP9 codec can maintain up to eight reference frames, of which up
to three can be referenced by any new frane.

VP9 also allows a frame to use another frame of a different
resolution as a reference frame. (Specifically, a frane may use any
ref erences whose wi dth and hei ght are between 1/16th that of the
current frame and twice that of the current frame, inclusive.) This
all ows internal resolution changes wi thout requiring the use of
keyfranes.

These features together enable an encoder to inplenent various forns
of coarse-grained scalability, including tenporal, spatial, and
quality scalability nodes, as well as conbinati ons of these, w thout
the need for explicit scal able coding tools.

Tenporal |ayers define different frame rates of video; spatial and
quality layers define different and possibly dependent
representations of a single input frame. Spatial |layers allow a
frane to be encoded at different resolutions, whereas quality |ayers
allow a frane to be encoded at the sane resolution but at different
qualities (and, thus, with different anounts of coding error). VP9
supports quality layers as spatial |ayers wi thout any resol ution
changes; hereinafter, the term"spatial |ayer" is used to represent
both spatial and quality |ayers



Thi s payl oad format specification defines how such tenporal and
spatial scalability |ayers can be descri bed and comruni cat ed.

Tenporal and spatial scalability |ayers are associated with non-
negative integer IDs. The |lowest |ayer of either type has an |ID of
zero and is sonetinmes referred to as the "base" tenporal or spati al
| ayer.

Layers are designed, and MJUST be encoded, such that if any |layer, and
all higher layers, are renoved fromthe bitstream al ong either the
spatial or tenporal dinension, the remaining bitstreamis stil
correctly decodabl e.

For term nol ogy, this docunent uses the term"frane" to refer to a
single encoded VP9 frane for a particular resolution and/or quality,
and "picture" to refer to all the representations (franmes) at a
single instant in time. Thus, a picture consists of one or nore
frames, encoding different spatial |ayers

Wthin a picture, a frame with spatial-layer ID equal to S, where S >
0, can depend on a frane of the sane picture with a | ower spatial -
layer ID. This "inter-layer" dependency can result in additiona
codi ng gain conpared to the case where only "inter-picture"
dependency is used, where a frame depends on a previously coded frame
intime. For sinmplicity, this payload format assumes that, within a
picture and if inter-layer dependency is used, a spatial-layer S
frane can depend only on the imedi ately previous spatial-layer S 1
frane, when S > 0. Additionally, if inter-picture dependency is
used, a spatial-layer S frame is assunmed to only depend on a
previously coded spatial -layer S frane.

G ven the above sinplifications for inter-layer and inter-picture
dependencies, a flag (the D bit described below) is used to indicate
whet her a spatial -layer SID frame depends on the spatial-layer SID-1
frame. Gven the D bit, a receiver only needs to additionally know
the inter-picture dependency structure for a given spatial-I|ayer
frane in order to determne its decodability. Two nodes of
describing the inter-picture dependency structure are possible:

"fl exi bl e node" and "non-flexi ble nbde". An encoder can only switch
between the two on the first packet of a keyframe with a tenporal -

|l ayer I D equal to zero.

In flexi ble node, each packet can contain up to three reference

i ndices, which identify all frames referenced by the frane
transmtted in the current packet for inter-picture prediction. This
(along with the D bit) enables a receiver to identify if a frame is
decodabl e or not and helps it understand the tenporal-Iayer
structure. Since this is signaled in each packet, it makes it

possi ble to have very flexible tenporal-1ayer hierarchies and

scal ability structures, which are changi ng dynam cally.

In non-flexible node, frames are encoded using a fixed, recurring
pattern of dependencies; the set of pictures that recur in this
pattern is known as a "Picture Goup" (or "PG'). |In this node, the
i nter-picture dependencies (the reference indices) of the PG MIST be
pre-specified as part of the Scalability Structure (SS) data. Each
packet has an index to refer to one of the described pictures in the
PG from which the pictures referenced by the picture transmtted in
the current packet for inter-picture prediction can be identified.

| Note: A "Picture Goup" or "PG', as used in this docunent, is
| not the same thing as the term"Goup of Pictures" as it is

| commonly used in video coding, i.e., to nmean an independently
| decodable run of pictures beginning with a keyfrane.

The SS data can also be used to specify the resolution of each



spatial |ayer present in the VP9 streamfor both flexible and non-
fl exi bl e nmodes.

4. Payl oad For mat

This section describes how the encoded VP9 bitstreamis encapsul ated
in RTP. To handl e network | osses, usage of RTP/AVPF [ RFC4585] is
RECOMMVENDED. All integer fields in this specification are encoded as
unsi gned integers in network octet order.

4.1. RTP Header Usage
The general RTP payload format for VP9 is depicted bel ow
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Figure 1: General RTP Payl oad Format for VP9

See Section 4.2 for nore information on the VP9 payl oad descriptor;
the VP9 payload is described in [VP9-BI TSTREAM . OPTI ONAL RTP
paddi ng MJUST NOT be included unless the P bit is set.

Marker bit (M: This bit MJST be set to one for the final packet of
the hi ghest spatial-layer frane (the final packet of the picture);
otherwise, it is zero. Unless spatial scalability is in use for
this picture, this bit will have the same value as the E bit
described in Section 4.2. Note this bit MJST be set to one for
the target spatial-layer frame if a streamis being rewitten to
renove hi gher spatial |ayers.

Payl oad Type (PT): In line with the policy in Section 3 of
[ RFC3551], applications using the VP9 RTP payl oad profile MJST
assign a dynam c payl oad type nunber to be used in each RTP
session and provide a nechanismto indicate the mapping. See
Section 6.1 for the mechanismto be used with the Session
Description Protocol (SDP) [RFCB8866].

Ti mestanp: The RTP tinestanp [ RFC3550] indicates the tine when the
i nput franme was sanpled, at a clock rate of 90 kHz. If the input
picture is encoded with multiple franes, all of the frames of the
pi cture MJST have the sane tinestanp.

If a franme has the VP9 show frane field set to zero (i.e., it is



meant only to popul ate a reference buffer w thout being output),
its timestanp MAY alternatively be set to be the sane as the
subsequent franme with show frane equal to one. (This will be
conveni ent for playing out pre-encoded content packaged with VP9
"superfranes", which typically bundle show frame==0 franes with a
subsequent show frane==1 frame.) Every picture containing a frane
wi th show frane==1, however, MJST have a uni que tinestanp nodul o
the 2732 wrap of the field.

The renmai 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.

VP9 Payl oad Descri ptor

In flexible node (with the F bit below set to one), the first octets
after the RTP header are the VP9 payl oad descriptor, with the
foll owi ng structure.

P, F:
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Figure 2: Flexible Mode Format for VP9 Payl oad Descri ptor

In non-flexible node (with the F bit below set to zero), the first
octets after the RTP header are the VP9 payl oad descriptor, with the
foll owi ng structure.
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Figure 3: Non-Fl exible Mbde Format for VP9 Payl oad Descri ptor

Except as noted, the following field descriptions apply to the
payl oad descriptor formats in both Figures 2 and 3.

Picture ID (PID) present. Wen set to one, the OPTIONAL PI D MJUST
be present after the mandatory first octet and specified as bel ow
O herwi se, PID MJUST NOT be present. |If the V bit was set in the

stream s nost recent start of a keyfrane (i.e., the SS field was



present) and the F bit is set to zero (i.e., non-flexible
scalability nmode is in use), then this bit MJST be set on every
packet .

Inter-picture predicted frame. When set to zero, the frame does
not utilize inter-picture prediction. 1In this case, up-sw tching
to a current spatial layer’s frame is possible froma directly
| ower spatial-layer frame. P SHOULD al so be set to zero when
encodi ng a |l ayer synchronization frame in response to a Layer
Refresh Request (LRR) [RFC9627] nessage (see Section 5.3). Wen P
is set to zero, the Tenporal-layer ID (TID) field (described
bel ow) MUST al so be set to zero (if present). Note that the P bit
does not forbid intra-picture, inter-layer prediction fromearlier
franes of the sane picture, if any.

Layer indices present. Wen set to one, the one or two octets
followi ng the mandatory first octet and the PID (if present) is as
descri bed by "Layer indices" below If the F bit (described
below) is set to one (indicating flexible node), then only one
octet is present for the layer indices. Oherwise, if the F bit
is set to zero (indicating non-flexible node), then two octets are
present for the layer indices.

Fl exi bl e node. When set to one, this indicates flexible node; if
the P bit is also set to one, then the octets follow ng the
mandatory first octet, the PID, and | ayer indices (if present) are
as described by "reference indices" below. This bit MJIST only be
set toone if the |l bit is also set to one; if the |l bit is set to
zero, then this bit MJST also be set to zero and i gnored by
receivers. (Flexible node’s reference indices are defined as
offsets fromthe Picture ID field, so they would have no meaning
if I were not set.) The value of the F bit MJST only change on
the first packet of a key picture. A "key picture" is a picture
whose base spatial-layer frane is a keyfrane, and thus one which
completely resets the encoder state. This packet will have its P
bit equal to zero, SID or L bit (described below) equal to zero,
and B bit (described bel ow) equal to one.

Start of Frane. This bit MJST be set to one if the first payl oad
octet of the RTP packet is the beginning of a new VP9 franeg;
otherwi se, it MJUST NOT be one. Note that this frame m ght not be
the first franme of a picture.

End of Franme. This bit MJST be set to one for the final RTP
packet of a VP9 franme; otherwise, it is zero. This enables a
decoder to finish decoding the frame, where it otherw se may need
to wait for the next packet to explicitly know that the frame is
complete. Note that, if spatial scalability is in use, nore
frames fromthe sanme picture may follow, see the description of
the B bit above.

Scalability Structure (SS) data present. Wen set to one, the
OPTI ONAL SS data MUST be present in the payl oad descri ptor
O herwi se, the SS data MJUST NOT be present.

Not a reference frame for upper spatial layers. |If set to one,
i ndicates that frames with higher spatial |ayers SID+1 and greater
of the current and follow ng pictures do not depend on the current
spatial-layer SID frame. This enables a decoder that is targeting
a higher spatial layer to know that it can safely discard this
packet’s franme wi thout processing it, wi thout having to wait for
the D bit in the higher-layer frame (see bel ow).

The mandatory first octet is followed by the extension data fields
that are enabl ed:



M The nobst significant bit of the first octet is an extension flag.
The field MJUST be present if the | bit is equal to one. If Mis
set, the PID field MJUST contain 15 bits; otherw se, it MJST
contain 7 bits. See PID bel ow

Picture ID (PID): Picture ID represented in 7 or 15 bits, depending
on the Mbit. This is a running index of the pictures, where the
sender increnments the value by one for each picture it sends.
(Note, however, that because a m ddl ebox can discard pictures
where permtted by the SS, Picture IDs as received by a receiver
m ght not be contiguous.) This field MIST be present if the | bit
is equal to one. If Mis set to zero, 7 bits carry the PID; else,
if Mis set to one, 15 bits carry the PIDin network byte order
The sender may choose between a 7- or 15-bit index. The PID
SHOULD start on a random nunmber and MJUST wrap after reaching the
maxi mum | D (Ox7f or Ox7fff depending on the index size chosen).
The receiver MJST NOT assune that the nunber of bits in the PID
stays the sanme through the session. |If this field transitions
from7 bits to 15 bits, the value is zero-extended (i.e., the
val ue after Ox6e is 0x006f); if the field transitions from 15 bhits
to 7 bits, it is truncated (i.e., the value after Oxlbbe is O0x3f).

In the non-flexible node (when the F bit is set to zero), this PID
is used as an index to the PG specified in the SS data below. In
this node, the PID of the keyfrane corresponds to the first
specified frame in the PG Then subsequent PIDs are napped to
subsequently specified frames in the PG (nmodulo NG specified in
the SS data bel ow), respectively.

Al frames of the same picture MIST have the sane PID val ue.

Frames (and their corresponding pictures) with the VP9 show frane
field equal to zero MJUST have distinct PID val ues from subsequent
pictures with show frane equal to one. Thus, a picture (as

defined in this specification) is different than a VP9 superfrane.

Al frames of the same picture MIST have the sane val ue for
show frane.

Layer indices: This field is optional but RECOMVENDED whenever
encoding with layers. For both flexible and non-fl exi bl e nodes,
one octet is used to specify a layer frane’'s Tenporal -1 ayer ID
(TID) and Spatial-layer ID (SID) as shown both in Figures 2 and 3.
Additionally, a bit (U) is used to indicate that the current frane
is a "switching up point" frame. Another bit (D) is used to
i ndi cate whether inter-layer prediction is used for the current
frane.

In the non-flexible node (when the F bit is set to zero), another
octet is used to represent the Tenporal Layer O Picture Index (8
bits) (TLOPICIDX), as depicted in Figure 3. The TLOPICIDX is
present so that all mninmally required frames (the base tenporal -
| ayer frames) can be tracked.

The TID and SID fields indicate the tenporal and spatial |ayers
and can hel p m ddl eboxes and endpoi nts quickly identify which
| ayer a packet bel ongs to.

TID:. The tenporal-layer ID of the current frane. |In the case of
non-flexible nmode, if a PIDis mapped to a picture in a
specified PG then the value of the TID MIST match the
correspondi ng TID val ue of the mapped picture in the PG

U Switching up point. Wen this bit is set to one, if the
current picture has a tenporal-layer ID equal to value T, then
subsequent pictures with tenporal-layer |ID values higher than T



wi Il not depend on any picture before the current picture (in
decode order) with a tenporal-layer ID value greater than T.

SID: The spatial-layer ID of the current frame. Note that franes

with spatial-layer SID > 0 may be dependent on decoded spati al -
layer SID-1 frane within the sanme picture. Different franes of
the sanme picture MJST have distinct spatial-layer |IDs, and
franmes’ spatial |ayers MJST appear in increasing order within
the frame.

Inter-layer dependency is used. D MJIST be set to one if and
only if the current spatial-layer SID frame depends on spati al -
layer SID-1 frane of the sanme picture; otherwise, it MJST be
set to zero. For the base-layer frane (with SID equal to
zero), the D bit MJIST be set to zero.

TLOPI CI DX:  Tenporal Layer O Picture Index (8 bits). TLOPICIDX is

only present in the non-flexible node (F =0). Thisis a
runni ng i ndex for the tenporal base-layer pictures, i.e., the
pictures with a TID set to zero. |If the TIDis larger than
zero, TLOPICI DX indicates which tenmporal base-layer picture the
current picture depends on. TLOPICI DX MJST be increnented by
one when the TIDis equal to zero. The index SHOULD start on a
random nunber and MJST restart at zero after reaching the
maxi mum nunber 255

Ref erence indices: Wen P and F are both set to one, indicating a
non-keyframe in flexible node, then at |east one reference index
MUST be specified as below. Additional reference indices (a total
of up to three reference indices are allowed) may be specified
using the N bit below. \Wen either Por Fis set to zero, then no
reference index is specified.

P_

N

4.2. 1.

DI FF: The reference index (in 7 bits) specified as the relative
PID fromthe current picture. For exanple, when P_DI FF=3 on a
packet containing the picture with PID 112 neans that the
picture refers back to the picture with PID 109. This
calculation is done nodulo the size of the PIDfield, i.e.,
either 7 or 15 bits. A P_DIFF value of zero is invalid.

1if there is additional P_DI FF follow ng the current P_DIFF.

Scalability Structure (SS)

The SS data describes the resolution of each frane within a picture
as well as the inter-picture dependencies for a PG If the VP9
payl oad descriptor’s V bit is set, the SS data is present in the
position indicated in Figures 2 and 3.
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+ +
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| N_G | (OPTI ONAL)

B Tk i i i S -\
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Figure 4: VP9 Scalability Structure

N_S: Nunber of Spatial Layers Mnus 1. NS + 1 indicates the nunber
of spatial layers present in the VP9 stream

Y: Each spatial layer’s frame resolution is present. Wen set to
one, the OPTIONAL WDTH (2 octets) and HEI GHT (2 octets) MJST be
present for each layer frame. Oherw se, the resol ution MJST NOT
be present.

G The PG description present flag.

- A Dbit reserved for future use. |t MJST be set to zero and MJST
be ignored by the receiver

N.G N Gindicates the nunber of pictures in a PG If NGis
greater than zero, then the SS data allows the inter-picture
dependency structure of the VP9 streamto be pre-decl ared, rather
than indicating it on the fly with every packet. If NGis
greater than zero, then for N G pictures in the PG each picture’'s
Tenporal -layer ID (TID), switch up point (U, and reference
i ndices (P_DIFFs) are specified.

The first picture specified in the PG MUST have a TID set to zero.

G set to zero or NG set to zero indicates that either there is
only one temporal layer (for non-flexible node) or no fixed inter-
pi cture dependency information is present (for flexible node)
going forward in the bitstream

Note that for a given picture, all franmes follow the sane inter-
pi cture dependency structure. However, the frame rate of each
spatial layer can be different fromeach other; this can be
described with the use of the D bit described above. The
speci fi ed dependency structure in the SS data MJST be for the

hi ghest frame rate | ayer

R The nunber of P DI FF fields that are present.

In a scalable streamsent with a fixed pattern, the SS data SHOULD be
included in the first packet of every key frame. This is a packet
with the P bit equal to zero, SID or L bit equal to zero, and B bit
equal to one. The SS data MUST only be changed on the picture that
corresponds to the first picture specified in the previous SS data’s
PG (if the previous SS data’s N G was greater than zero).

4.3. Frane Fragnentation

VP9 franes are fragnented into packets in RTP sequence nunber order
beginning with a packet with the B bit set and ending with a packet
with the E bit set. There is no nmechanismfor finer-grai ned access
to parts of a VP9 frane.

4.4. Scal abl e Encodi ng Consi derati ons

In addition to the use of reference franes, VP9 has severa

additional forns of inter-frame dependencies, largely involving
probability tables for the entropy and tree encoders. |n VP9 syntax,
the syntax el ement "error_resilient_node" resets this additiona
inter-frame data, allowing a franme’s syntax to be decoded

i ndependent | y.

Due to the requirenments of scal able streams, a VP9 encoder producing
a scal able stream needs to ensure that a frame does not depend on a
previous frane (of the sane or a previous picture) that can



4.

4.5.

5

5.

5

1.

legitimately be removed fromthe stream Thus, a franme that foll ows
a frane that mght be renoved (in full decode order) MJST be encoded
with "error_resilient_npde" set to true

For spatially scalable streans, this neans that
"error_resilient_node" needs to be turned on for the base spatia

| ayer; however, it can be turned off for higher spatial |ayers,
assuning they are sent with inter-layer dependency (i.e., with the D
bit set). For streans that are only tenporally scal abl e without
spatial scalability, "error_resilient_node" can additionally be
turned off for any picture that imediately follows a tenporal-|ayer
0 frame.

Exanmpl e of a VP9 RTP Stream
1. Reference Picture Use for Scal able Structure

As discussed in Section 3, the VP9 codec can maintain up to eight
reference frames, of which up to three can be referenced or updated
by any new frame. This section illustrates one way that a scal abl e
structure (with three spatial layers and three tenporal |ayers) can
be constructed using these reference franes.

[ ool ool e s sl e
| Tenporal | Spatial | References | Updates

‘o4 oo 4 o=+ -=——=—=—====+
I 0 I 0 I 0 I 0 I
I I Fommm e - - - I +
I 0 I 1 I 0,1 I 1 I
I I I I +
I 0 I 2 I 1,2 I 2 I
I S I S +
I 2 I 0 I 0 I 6 I
I I Fommm e - - - I +
I 2 I 1 I 1,6 I 7 I
I I I I +
I 2 I 2 I 2,7 I - I
I S I S +
I 1 I 0 I 0 I 3 I
I I Fommm e - - - I +
I 1 I 1 I 1,3 I 4 I
I I I I +
I 1 I 2 I 2,4 I 5 I
I S I S +
I 2 I 0 I 3 I 6 I
I I Fommm e - - - I +
I 2 I 1 I 4,6 I 7 I
I I I I +
I 2 I 2 I 57 I - I
I S I S +

Table 1. Exanple Scalability Structure
This structure is constructed such that the U bit can al ways be set.
Feedback Messages and Header Extensions
Ref erence Picture Selection Indication (RPSI)

The RPSI is a payl oad-specific feedback nessage defined within the
RTCP- based feedback format. The RPSI nmessage 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 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



f eedback method is useful for VP9 used for point-to-point (unicast)
conmmuni cation. The use of RPSI for VP9 is preferably conbined with a
speci al update pattern of the codec’s two special reference franes --
the golden frame and the altref frame -- in which they are updated in
an alternating | eapfrog fashion. When a receiver has received and
correctly decoded a golden or altref franme, and that frane had a
Picture 1D in the payl oad descriptor, the receiver can acknow edge
this sinply by sending an RPSI nessage back to the sender. The
nmessage body (i.e., the "native RPSI bit string" in [RFC4585]) is
simply the (7- or 15-bit) Picture ID of the received frane.

| Note: because all frames of the same picture nust have the sane
| inter-picture reference structure, there is no need for a
| message to specify which frame is being sel ected.

5.2. Full Intra Request (FIR

The Full Intra Request (FIR) [RFC5104] RTCP feedback nessage allows a
receiver to request a full state refresh of an encoded stream

Upon receipt of a FIR request, a VP9 sender MJUST send a picture with
a keyframe for its spatial-layer 0 |layer frame and then send franes
wi thout inter-picture prediction (P=0) for any higher-1layer franes.

5.3. Layer Refresh Request (LRR)
The Layer Refresh Request (LRR) [ RFC9627] allows a receiver to

request a single layer of a spatially or tenporally encoded streamto
be refreshed wi thout necessarily affecting the stream s other |ayers.

O O +
| 0] 1] 2| 3] 4] 5] 6] 7| O] 1] 2| 3| 4| 5| 6] 7|
oo N - +
| RES | TID| RES | SID |
oo O R +

Figure 5: LRR I ndex Fornmat

Figure 5 shows the format of an LRR s layer index fields for VP9
streans. The two "RES" fields MJST be set to zero on transnission
and ignored on reception. See Section 4.2 for details on the TID and
SID fields.

Identification of a layer refresh frame can be derived fromthe
reference I Ds of each frane by backtracking the dependency chain
until reaching a point where only decodable frames are being
referenced. Therefore, it’'s reconmended for both the flexible and
the non-fl exi bl e node that, when swi tching up points are being
encoded in response to an LRR, those packets contain | ayer indices
and the reference field or fields so that the decoder or selective
forwardi ng m ddl eboxes [ RFC7667] can nake this derivation

Exanpl e:
LRR {1,0}, {2,1} is sent by a Multipoint Control Unit (MCU) when it
is currently relaying {1,0} to a receiver that wants to upgrade to
{2,1}. In response, the encoder should encode the next franes in
layers {1,1} and {2,1} by only referring to frames in {1,0} or {0, 0}.
In the non-flexible node, periodic upgrade frames can be defined by
the layer structure of the SS; thus, periodic upgrade frames can be
automatically identified by the Picture ID

6. Payl oad Fornmat Paraneters

This payl oad format has three optional paraneters: max-fr, max-fs,



and profile-id.

The max-fr and max-fs paraneters are used to signal the capabilities
of a receiver inplenentation. |If the inplenentationis willing to
receive nmedia, both paranmeters MJST be provided. These paraneters
MUST NOT be used for any other purpose. A nmedia sender SHOULD NOT
send nmedia with a frame rate or frane size exceeding the max-fr and
max-fs val ues signaled. (There may be scenarios, such as pre-encoded
medi a or selective forwardi ng m ddl eboxes [ RFC7667], where a nedia
sender does not have nedia available that fits within a receiver’s
max-fs and max-fr values; in such scenarios, a sender MAY exceed the
si gnal ed val ues.)

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

max-fs: The value of max-fs is an integer indicating the maxi num
frame size in units of macrobl ocks that the decoder is capabl e of
decodi ng.

The decoder is capable of decoding this frane size as |Iong as the
wi dt h and height of the frame in nacrobl ocks are each | ess than
int(sqgrt(mx-fs * 8)); for instance, a max-fs of 1200 (capable of
supporting 640x480 resolution) will support w dths and heights up
to 1552 pixels (97 nacrobl ocks).

profile-id: The value of profile-id is an integer indicating the
default coding profile (the subset of coding tools that nay have
been used to generate the streamor that the receiver supports).
Table 2 lists all of the profiles defined in Section 7.2 of
[ VP9- BI TSTREAM and the corresponding i nteger values to be used

If no profile-id is present, Profile O MUST be inferred. (The
profile-id paraneter was added relatively late in the devel opnent
of this specification, so some existing inplenentations nay not
send it.)

Informative note: See Table 3 for capabilities of coding profiles
defined in Section 7.2 of [VP9-BI TSTREAM .

A receiver MIST ignore any paranmeter unspecified in this
speci fication.

N ety ety
| Profile | profile-id |
bl el
I 0 I 0 I
F---- - - - R I +
I 1 I 1 I
L I +
I 2 I 2 I
Fo-m e - - I +
I 3 I 3 I
F---- - - - R I +
Tabl e 2:

Cor respondence bet ween
profile-id to VP9
Profile Integer

[ ety e ey - s el e g U
| Profile | Bit Depth | SRGB Col orspace | Chroma Subsanpl i ng |



6. 1.

6. 1.

--------- T
2 | 10 or 12 | No | YW 4:2:0 |

--------- T N N ...
3 | 10 or 12 | Yes | YUV 4:2:2,4:4:0 or 4:4:4

--------- T

Table 3: Profile Capabilities
| Note: SRGB (often sRGB) = Standard Red- Green-Bl ue
SDP Par aneters

Mappi ng of Medi a Subtype Paraneters to SDP

The nmedia type video/vp9 string is mapped to fields in the Session
Description Protocol (SDP) [RFC8866] as follows:

*

The nedia nane in the "m=" |ine of SDP MJST be video.
The encoding nanme in the "a=rtpmap" |ine of SDP MUST be VP9 (the
medi a subt ype).

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

The paraneters max-fr and max-fs MJST be included in the "a=fntp"
line of SDP if the receiver wishes to declare its receiver
capabilities. These paraneters are expressed as a nedi a subtype
string in the formof a semnicolon-separated |ist of

par anet er =val ue pairs.

The OPTI ONAL paraneter profile-id, when present, SHOULD be
included in the "a=fntp" line of SDP. This paraneter is expressed
as a nedia subtype string in the formof a paraneter=val ue pair.
When the paraneter is not present, a value of 0 MJST be inferred
for profile-id.

6.1.1.1. Example

An exanpl e of media representation in SDP is as follows:

mevi deo 49170 RTP/ AVPF 98
a=rtpmap: 98 VP9/ 90000
a=fnm p: 98 max-f r =30; max- f s=3600; profil e-i d=0

6. 1.

O fer/ Answer Consi derati ons

VWhen VP9 is of fered over RTP using SDP in an O fer/Answer node
[ RFC3264] for negotiation for unicast usage, the follow ng
limtations and rul es apply:

*

The paraneter identifying a nmedia format configuration for VP9 is
profile-id. This media format configuration paraneter MJST be
used symmetrically; that is, the answerer MJST either naintain
this configuration paranmeter or renove the media format (payl oad
type) conpletely if it is not supported.

The max-fr and max-fs paraneters are used declaratively to
describe receiver capabilities, even in the Ofer/Answer nodel.
The values in an answer are used to describe the answerer’s
capabilities; thus, their values are set independently of the
values in the offer.

To sinplify the handling and matching of these configurations, the
same RTP payl oad type nunber used in the offer SHOULD al so be used
in the answer and in a subsequent offer, as specified in



[ RFC3264]. An answer or subsequent offer MJST NOT contain the
payl oad type nunber used in the offer unless the profile-id val ue
is exactly the sane as in the original offer. However, max-fr and
max-fs paranmeters MAY be changed in subsequent offers and answers,
with the sane payl oad type nunber, if an endpoint w shes to change
its declared receiver capabilities.

Medi a Type Definition

This registration uses the tenplate defined in [ RFC6838] and
foll owi ng [ RFC4855] .

Type name: video
Subt ype nane: VP9
Required paraneters: NA

Optional parameters: There are three optional paraneters: max-fr,
max-fs, and profile-id. See Section 6 for their definition

Encodi ng considerations: This nedia type is framed in RTP and
contains binary data; see Section 4.8 of [RFC6838].

Security considerations: See Section 8 of RFC 9628.
Interoperability considerations: None

Publ i shed specification: VP9 bitstream format [VP9-BI TSTREAM and
RFC 9628.

Applications that use this nedia type: For exanple, video over IP,
vi deo conferencing.

Fragment identifier considerations: NA
Addi tional information: None

Person & email address to contact for further information: Jonathan
Lennox <j onat han.| ennox@x8. cone

I ntended usage: COMMON

Restrictions on usage: This nedia type depends on RTP fram ng;
hence, it is only defined for transfer via RTP [ RFC3550].

Aut hor: Jonat han Lennox <jonat han.| ennox@x8. cone

Change controller: |ETF AVTICore Wbrking G oup del egated fromthe
| ETF.

Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [ 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 Framewor k: Wiy RTP
Does Not Mandate a Single Media Security Sol ution" [RFC7202]

di scusses, it is not an RTP payload format’s responsibility to

di scuss or mandate what solutions are used to nmeet the basic security
goals like confidentiality, integrity, and source authenticity for
RTP in general. This responsibility lies with anyone using RTP in an
application. They can find guidance on avail able security nechani sns
in "Options for Securing RTP Sessions" [RFC7201]. Applications
SHOULD use one or nore appropriate strong security nechani sns.



10.

11.

11.

I npl enentati ons of this RTP payload fornat need to take appropriate
security considerations into account. It is extrenely inportant for
the decoder to be robust against malicious or malfornmed payl oads and
ensure that they do not cause the decoder to overrun its allocated
menory or otherwi se m sbehave. An overrun in allocated nenory coul d
lead to arbitrary code execution by an attacker. The sane applies to
the encoder, even though problens in encoders are (typically) rarer

This RTP payl oad format and its nmedi a decoder do not exhibit any
significant non-uniformty in the receiver-side conputationa

compl exity for packet processing; thus, they are unlikely to pose a
deni al -of -service threat due to the recei pt of pathol ogical data.
Nor does the RTP payload format contain any active content.

Congestion Contro

Congestion control for RTP SHALL be used in accordance with

[ RFC3550], and with any applicable RTP profile, e.g., [RFC3551]. The
congestion control nechanismcan, in a real-tine encoding scenario,
adapt the transm ssion rate by instructing the encoder to encode at a
certain target rate. Media-aware network el enents MAY use the
information in the VP9 payl oad descriptor in Section 4.2 to identify
non-reference franes 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).

| ANA Consi der ati ons

| ANA has registered the nmedia type "video/vp9" as specified in
Section 7. The nedia type has al so been added to the "RTP Payl oad
Format Medi a Types" registry of the "Real -Tine Transport Protoco
(RTP) Paraneters" registry group (https://ww.iana. org/assi gnnments/
rtp-parameters) as foll ows.

Medi a Type: video
Subtype: VP9

Clock Rate (Hz): 90000
Ref erence: RFC 9628
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