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This meno descri bes the RTCP Payl oad- Speci fi c Feedback Message Layer
Refresh Request (LRR), which can be used to request a state refresh
of one or nore substreans of a layered nmedia stream This docunent
al so defines its use with several RTP payl oads for scal able nedia
formats.
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1. Introduction

This meno descri bes an RTCP [ RFC3550] Payl oad- Speci fi c Feedback
Message [ RFC4585] "Layer Refresh Request” (LRR), which is designed to
all ow a receiver of a |ayered nedia streamto request that one or
more of its substreams be refreshed. The stream can then be decoded
by an endpoint that previously was not receiving those |ayers,

wi thout requiring that the entire streambe refreshed (as it would be
if the receiver sent a Full Intra Request (FIR) [RFC5104]; see al so

[ RFC8082]).

The feedback nmessage is applicable to both tenporally and spatially
scal ed streans and to both single-streamand multi-stream scalability
nmodes.

2. Conventions and Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "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 al
capitals, as shown here

2.1. Term nol ogy

A "layer refresh point" is a point in a scalable streamafter which a
decoder, which previously had been able to decode only sonme (possibly
none) of the available layers of stream is able to decode a greater
nunber of the |ayers.

For spatial (or quality) layers, in normal encoding, a subpicture can
depend both on earlier pictures of that spatial |ayer and also on

| ower-1ayer pictures of the current picture. However, a |ayer
refresh typically requires that a spatial-layer picture be encoded in
a way that references only the | ower-layer subpictures of the current
picture, not any earlier pictures of that spatial |ayer.

Additionally, the encoder nust prom se that no earlier pictures of
that spatial layer will be used as reference in the future.

However, even in a |layer refresh, layers other than the ones being
refreshed may still naintain dependency on earlier content of the
stream This is the difference between a |layer refresh and a FIR

[ RFC5104]. This mininizes the coding overhead of refresh to only
those parts of the streamthat actually need to be refreshed at any
given tine.

The spatial -l ayer refresh of an enhancenent |ayer is shown bel ow.

The "<--" indicates a codi ng dependency.
<-- S1 <-- ¢Sl Sl <- S1 <--
| | | |
\/ \/ \/ \/

<- S0 <- SO <-- SO <-- SO <--

1 2 3 4



Figure 1: Refresh of a Spatial Enhancenment Layer

In Figure 1, frame 3 is a layer refresh point for spatial layer Sl; a
decoder that had previously only been decoding spatial |ayer SO woul d
be able to decode | ayer Sl starting at frame 3.

The spatial -1ayer refresh of a base |layer is shown below. The "<--"
i ndi cates a codi ng dependency.

<-- 81 <-- S1 <-- S1 <-- S1 <--
I I I I

\/ \/ \/ \/
<-- S0 <-- S0 SO <-- SO0 <--
1 2 3 4

Figure 2: Refresh of a Spatial Base Layer

In Figure 2, frame 3 is a layer refresh point for spatial |layer SO; a
decoder that had previously not been decoding the streamat all could
decode | ayer SO starting at franme 3.

For temporal |ayers, while normal encoding allows frames to depend on
earlier frames of the same tenporal |ayer, |ayer refresh requires
that the | ayer be "tenporally nested", i.e., use as reference only
earlier franmes of a | ower tenporal |ayer, not any earlier franes of
this tenporal |ayer and prom se that no future franes of this
tenmporal layer will reference franmes of this tenporal |ayer before
the refresh point. |In many cases, the tenporal structure of the
streamw || nmean that all frames are tenporally nested; in this case,
decoders will have no need to send LRR nessages for the stream

The tenporal |ayer refresh is shown below. The "<--" indicates a
codi ng dependency.

Figure 3: Refresh of a Tenporal Layer

In Figure 3, frame 6 is a |ayer refresh point for tenporal |ayer TI1;
a decoder that had previously only been decodi ng tenporal |ayer TO
woul d be able to decode |ayer T1 starting at frane 6.

An inherently tenporally nested streamis shown below. The "<--"
i ndi cates a codi ng dependency.

Figure 4: An Inherently Tenporally Nested Stream

In Figure 4, the streamis tenporally nested in its ordinary
structure; a decoder receiving |layer TO can begin decoding |ayer T1
at any point.

A "layer index" is a nunmeric |abel for a specific spatial and
tenmporal | ayer of a scalable stream It consists of both a



"tenporal -layer ID' identifying the tenporal |ayer and a "layer |ID"
identifying the spatial or quality layer. The details of how | ayers
of a scalable streamare | abel ed are codec specific. Details for
several codecs are defined in Section 4.

Layer Refresh Request

A layer refresh frane can be requested by sending a Layer Refresh
Request (LRR), which is an RTCP [ RFC3550] payl oad-specific feedback
message [ RFC4585] asking the encoder to encode a frame that makes it
possible to upgrade to a higher layer. The LRR contains one or two
tuples, indicating the tenporal and spatial |ayer the decoder wants
to upgrade to and (optionally) the currently highest tenporal and
spatial |ayer the decoder can decode

The specific format of the tuples, and the nechani sm by which a
recei ver recognizes a refresh frane, is codec dependent. Usage for
several codecs is discussed in Section 4.

The design of LRR follows the FIR nodel (Section 3.5.1 of [RFC5104])
for its retransm ssion, reliability, and use in mnultipoint
conf er ences.

The LRR nmessage is identified by RTCP packet type val ue PT=PSFB and
FMr=10. The Feedback Control Information (FC) field MJST contain
one or nore LRR entries. Each entry applies to a different nedia
sender, identified by its Synchronization Source (SSRC).

Message For mat

The FCI for the Layer Refresh Request consists of one or nore FC
entries, the content of which is depicted in Figure 5. The |length of
the LRR feedback nessage MJST be set to 2+3*N 32-bit words, where N
is the nunber of FCl entries.

0 1 2 3
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Figure 5. Layer Refresh Request FCI For nat

Synchroni zati on Source (SSRC) (32 bits):
The SSRC val ue of the nedia sender that is requested to send a
| ayer refresh point.

Seq nr. (8 bits):
The command sequence number. The sequence nunber space is unique
for each pairing of the SSRC of command source and the SSRC of the
command target. The sequence nunber SHALL be increased by 1 for
each new command (nodul o 256, so the value after 255 is 0). A
repetition SHALL NOT increase the sequence nunber. The initial
value is arbitrary.

C (1 bit):
A flag bit indicating whether the Current Tenporal -1ayer I D (CTID)
and Current Layer ID (CLID) fields are present in the FCl. |If
this bit is 0, the sender of the LRR nessage is requesting refresh
of all layers up to and including the target |ayer

Payl oad Type (7 bits):



The RTP payl oad type for which the LRRis being requested. This
gives the context in which the target layer index is to be
i nt erpreted.

Reserved (RES) (three separate fields of 16 bits / 5 bits / 5
bits):
Al bits SHALL be set to zero by the sender and SHALL be ignored
on reception.

Target Tenporal -layer ID (TTID) (3 bits):
The tenporal -l1ayer 1D of the target layer for which the receiver
wi shes a refresh point.

Target Layer ID (TLID) (8 bhits):
The layer I D of the target spatial or quality layer for which the
receiver wishes a refresh point. Its format is dependent on the
payl oad type field.

Current Tenporal-layer ID (CTID) (3 bits)
If Cis 1, the ID of the current tenporal |ayer being decoded by
the receiver. This nessage is not requesting refresh of |ayers at
or belowthis layer. If Cis 0, this field SHALL be set to zero
by the sender and SHALL be ignored on reception

Current Layer ID (CLID) (8 bits):
If Cis 1, the layer ID of the current spatial or quality |ayer
bei ng decoded by the receiver. This nessage is not requesting

refresh of layers at or belowthis layer. If Cis 0, this field
SHALL be set to zero by the sender and SHALL be ignored on
reception.

Wien Cis 1, TTID MJST NOT be | ess than CTID, and TLID MJUST NOT be

|l ess than CLID;, at |east one of either TTID or TLID MJST be greater
than CTID or CLID, respectively. That is to say, the target |ayer

i ndex <TTID, TLID> MJUST be a |l ayer upgrade fromthe current |ayer

i ndex <CTID, CLID>. A sender MAY request an upgrade in both temnpora
and spatial or quality |ayers sinmultaneously.

A receiver receiving an LRR feedback packet that does not satisfy the
requirenents of the previous paragraph, i.e., one where the C bit is
present but the TTIDis less than the CTID or the TLID is |less than
the CLID, MJIST discard the request.

| Note: The syntax of the TTID, TLID, CTID, and CLID fields
| match, by design, the TID and LID fields in [ RFC9626].

.2. Semantics

Wthin the common packet header for feedback nessages (as defined in
Section 6.1 of [RFC4585]), the "SSRC of packet sender" field

i ndi cates the source of the request, and the "SSRC of nedia source"
is not used and SHALL be set to zero. The SSRCs of the media senders
to which the LRR conmand applies are in the correspondi ng FCl

entries. An LRR nessage MAY contain requests to multiple nmedia
senders, using one FCl entry per target nedia sender

Upon reception of an LRR, the encoder MJST send a decoder refresh
poi nt (see Section 2.1) as soon as possi bl e.

The sender MUST respect bandwidth limts provided by the application
of congestion control, as described in Section 5 of [RFC5104]. As

| ayer refresh points will often be larger than non-refreshing franes,
this may restrict a sender’s ability to send a |ayer refresh point
qui ckl y.

An LRR MUST NOT be sent as a reaction to picture |osses due to packet



|l oss or corruption; it is RECOWENDED to use a PLI (Picture Loss

I ndi cation) [RFC4585] instead. An LRR SHOULD be used only in
situations where there is an explicit change in a decoder’s behavi or
for exanple, when a receiver will start decoding a |layer that it
previ ously had been di scardi ng.

4. Usage with Specific Codecs

In order for an LRR to be used with a scal abl e codec, the format of
the tenporal and layer ID fields (for both the target and current

| ayer indices) needs to be specified for that codec’s RTP
packetization. New RTP packetization specifications for scal abl e
codecs SHOULD define how this is done. (The VP9 payl oad [ RFC9628],
for instance, has done so.) |If the payload also specifies howit is
used with the Video Franme Marki ng RTP Header Extension described in
[ RFC9626], the syntax MJST be defined in the sane manner as the TID
and LID fields in that header

4.1. H 264 SVC

H. 264 SVC [ RFC6190] defines tenporal, dependency (spatial), and
quality scalability nodes

| |
T S S
| RES | TID|R DD | |

Figure 6: H 264 SVC Layer |ndex Fields Format

Figure 6 shows the format of the layer index fields for H 264 SVC
streams. The "R' and "RES' fields MJST be set to zero on

transm ssion and i gnored on reception. See Section 1.1.3 of

[ RFC6190] for details on the dependency_id (DID), quality_ id (QD),
and tenporal _id (TID) fields.

A dependency or quality |ayer refresh of a given layer in H 264 SVC
can be identified by the | bit (idr_flag) in the extended Network
Abstraction Layer (NAL) unit header, present in NAL unit types 14
(prefix NAL unit) and 20 (coded scal able slice). Layer refresh of
the base | ayer can also be identified by its NAL unit type of its
coded slices, which is "5" rather than "1". A dependency or quality
| ayer refresh is conplete once this bit has been seen on all the
appropriate layers (in decoding order) above the current |ayer index
(if any, or beginning fromthe base layer if not) through the target
| ayer index.

Note that as the | bit in a Payload Content Scalability Information
(PACSI) header is set if the corresponding bit is set in any of the
aggregated NAL units it describes; thus, it is not sufficient to
identify layer refresh when NAL units of nultiple dependency or
quality layers are aggregat ed.

In H 264 SVC, tenporal |ayer refresh information can be determ ned
fromvarious Suppl enental Encoding Information (SElI) nessages in the
bi tstream

Whet her an H. 264 SVC streamis scal ably nested can be determ ned from
the Scalability Informati on SEI nessage’s tenporal _id_nesting flag.

If this flag is set in a streamis currently applicable Scal ability
Information SElI, receivers SHOULD NOT send tenporal LRR nessages for
that stream as every franme is inplicitly a tenporal |ayer refresh
point. (The Scalability Information SEI nmessage may al so be
available in the signaling negotiation of H 264 SVC as the sprop-

scal ability-info paraneter.)



If a streanis tenporal _id nesting flag is not set, the Tenporal Leve
Swi tching Point SEI nessage identifies tenporal |ayer swtching
points. A tenporal |ayer refresh is satisfied when this SEI nmessage
is present in a frame with the target layer index, if the nmessage’'s
delta frane_numrefers to a frame with the requested current | ayer
index. (Alternately, tenporal |ayer refresh can also be satisfied by
a conplete state refresh, such as an Instantaneous Decodi ng Refresh
(IDR).) Senders that support receiving an LRR for streans that are
not tenporally nested MJST insert Tenporal Level Sw tching Point SE
nessages as appropriate.

4.2. VP8
The VP8 RTP payl oad format [ RFC7741] defines tenporal scalability
nmodes. It does not support spatial scalability.
o m e e e oo - o m e e e oo - +

| O] 1] 2| 3] 4] 5] 6] 7] O] 1] 2| 3] 4| 5] 6] 7|
T S S
| RES | TID]| RES |

Figure 7: VP8 Layer |Index Field Format

Figure 7 shows the format of the layer index field for VP8 streans.
The "RES" fields MJUST be set to zero on transm ssion and be ignored
on reception. See Section 4.2 of [RFC7741] for details on the TID
field.

A VP8 | ayer refresh point can be identified by the presence of the Y
bit (see [RFC7741]) in the VP8 payl oad header. When this bit is set,
this and all subsequent franes depend only on the current base
tenmporal layer. On receipt of an LRR for a VP8 stream a sender that
supports LRRs MUST encode the streamso it can set the Y bit in a
packet whose tenporal layer is at or below the target |ayer index.

Note that in VP8, not every layer switch point can be identified by
the Y bit since the Y bit inplies layer switch of all layers, not
just the layer in which it is sent. Thus, the use of an LRR with VP8
can result in sonme inefficiency in transm ssion. However, this is
not expected to be a mpjor issue for temporal structures in nornmal
use.

4.3. H 265

The initial version of the H 265 payl oad format [ RFC7798] defi nes
tenmporal scalability, with protocol elenents reserved for spatial or
other scalability nodes (which are expected to be defined in a future
versi on of the specification).

| 0] 1] 2| 3] 4] 5] 6] 7| O] 1] 2| 3| 4| 5] 6] 7|
T S S
| RES | TID|RES| layer ID |

Fi gure 8: H. 265 Layer |ndex Fields Format

Figure 8 shows the format of the layer index field for H 265 streans.
The "RES" fields MJST be set to zero on transm ssion and ignored on
reception. See Section 1.1.4 of [RFC7798] for details on the |ayer
ID and TID fields.

H. 265 streans signal whether they are tenporally nested by using the
vps_tenporal _id _nesting flag in the Video Parameter Set (VPS) and the



sps_tenporal id nesting flag in the Sequence Parameter Set (SPS). |If
this flag is set in a streanis currently applicable VPS or SPS,

recei vers SHOULD NOT send tenporal LRR nessages for that stream as
every frane is inplicitly a tenporal |ayer refresh point.

If a streanis sps_tenporal _id nesting flag is not set, the NAL unit
types 2 to 5 inclusively identify tenporal |ayer sw tching points. A
| ayer refresh to any higher target tenporal layer is satisfied when a
NAL unit type of 4 or 5 with TID equal to 1 nore than current TID is
seen. Alternatively, layer refresh to a target tenporal |ayer can be
incrementally satisfied with a NAL unit type of 2 or 3. 1In this
case, given current TID = TO and target TID = TN, layer refresh to TN
is satisfied when a NAL unit type of 2 or 3 is seen for TID = T1,
then TID = T2, all the way up to TID = TN (note that TN and TO refer
to nonce variables in this instance). During this increnental
process, layer refresh to TN can be conpletely satisfied as soon as a
NAL unit type of 2 or 3 is seen

O course, temporal |ayer refresh can al so be satisfied whenever any
I ntra- Random Access Point (I RAP) NAL unit type (with val ues 16-23,
inclusively) is seen. An IRAP picture is simlar to an IDR picture
in H 264 (NAL unit type of 5 in H 264) where decoding of the picture
can start wi thout any ol der pictures.

In the (future) H 265 payl oads that support spatial scalability, a
spatial -1 ayer refresh of a specific |layer can be identified by NAL
units with the requested |ayer I D and NAL unit types between 16 and
21, inclusive. A dependency or quality layer refresh is conplete
once NAL units of this type have been seen on all the appropriate

| ayers (in decoding order) above the current layer index (if any, or
beginning fromthe base layer if not) through the target |ayer index.

Usage with Different Scal ability Transm ssion Mechani sns

Several different nechanisns are defined for how scal abl e streans can
be transmitted in RTP. Section 3.7 of "A Taxonony of Semantics and
Mechani sns for Real -Time Transport Protocol (RTP) Sources" [RFC7656]
defines three nechanisns: Single RTP streamon a Single nedia
Transport (SRST), Multiple RTP streans on a Single nedia Transport
(MRST), and Multiple RTP streans on Multiple nmedia Transports (MRM).

The LRR nmessage is applicable to all these nechanisnms. For MRST and
MRMI' nechani sns, the "nmedia source"” field of the LRR FCl is set to
the SSRC of the RTP stream containing the |ayer indicated by the
Current Layer Index (if "C' is 1) or the stream containing the base
encoded stream (if "C'" is 0). For MRMI, the LRR nessage is sent on
the RTP session on which this streamis sent. On receipt, the sender
MUST refresh all the layers requested in the stream sinultaneously

i n decode order.

SDP Definitions

Section 7 of [RFC5104] defines Session Description Protocol (SDP)
procedures for indicating and negotiating support for Codec Contro
Messages (CCM in SDP. This docunment extends this with a new codec
control command, "lrr", which indicates support of the LRR

Figure 9 gives a formal Augmented Backus-Naur Form (ABNF) [ RFC5234]

showi ng this grammar extension, extending the granmar defined in
[ RFC5104] .

rtcp-fb-ccmparam=/ SP "lrr" ; Layer Refresh Request
Figure 9: Syntax of the "lrr" CCM

The O fer-Answer considerations defined in Section 7.2 of [RFC5104]



9.

9.

appl y.
Security Considerations

Al the security considerations of FIR feedback packets [ RFC5104]
apply to LRR feedback packets as well. Additionally, media senders
recei ving LRR feedback packets MJST validate that the payl oad types
and | ayer indices they are receiving are valid for the streamthey
are currently sending, and discard the requests if not.

| ANA Consi der ati ons

Thi s docunent defines a new entry to the "Codec Control Messages"
registry of the "Session Description Protocol (SDP) Paraneters"”
registry group, according to the follow ng data:

Val ue Name: Irr

Long Nanme: Layer Refresh Request Command
Usable with: ccm

Mux: | DENTI CAL- PER- PT

Reference: RFC 9627

Thi s docunent al so defines a new entry to the "FMI Val ues for PSFB
Payl oad Types" registry of the "Real -Tine Transport Protocol (RTP)
Par anmet ers" registry group, according to the foll ow ng data:

Name: LRR
Long Nane: Layer Refresh Request Comrand
Val ue: 10

Ref er ence: RFC 9627
Ref er ences
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