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*** Next Changes  (All new text) ***
Annex X (informative): PDU Set Identification for different service protocol information
X.1	Introduction
The Annex X provides how to identify PDU Set from different service protocol (RTP/SRTP header and payload) information.
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If the PDU Set represents a video frame, the identification of the video frame can be realized as follow:
The format of RTP header is defined in RFC 3550 [a] as shown in Figure X.2-1:
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Figure X.2-1: RTP header format defined in RFC 3550 [a]
[bookmark: _Hlk124104753]In RTP headers, Marker (M) bit is set for the very last packet of the frame indicated by the RTP timestamp. The RTP header also contains the sequence number which indicates the packet sequence at RTP layer. With the M bit and the sequence number, UPF can identify the end PDU of a PDU Set and PDU SN within a PDU Set/frame.
[bookmark: _Hlk124162276]The first three octets of SRTP header format are referred to the RTP header format. Therefore, UPF can identify the end PDU of a PDU Set and PDU SN within a PDU Set/flame in the SRTP header.
X.3	PDU Set Identification based on RTP header extension
If the PDU Set represents a video frame, the identification of the video frame can be realized as follow:
Based on the draft-ietf-avtext-framemarking [b], the extended RTP header format is shown in Figure X.3-1. The "S" bit and "E" bit in the Frame Marking RTP header extension respectively represent the start and the end of a video frame. UPF can identify the start and end of a PDU Set/frame according to the "S" and "E" bits.


Figure X.3-1: RTP header extension format defined in draft-ietf-avtext-framemarking [b]
The I field named as Independent Frame reflects whether a frame can be decoded independent of temporally prior frames or not. 1 means this frame can be decoded independent of temporally prior frames, e.g. intra-frame, IDR frame of H.264/H.265.
The D field named as Discardable Frame which reflects whether a frame is droppable or not. 1 means the sender knows this frame can be discarded, and still provide a decodable media stream.
Therefore, UPF can be based on the above I field or D field to identify the important PDU Set/flame.
For scalable streams (i.e. different temporary, spatial, quality layers), the RTP header extension as defined in draft-ietf-avtext-framemarking [b] (see Figure X.3-2) can be used to map to different PSER requirements.

 
Figure X.3-2: Frame Marking RTP header extension for scalable streams [b]
The TID field named as Temporal ID identifies the temporal layer/sub-layer encoded, starting with 0 for the base layer, and increasing with higher temporal fidelity. Higher values of TID identify higher temporal layers with higher frame rates as defined in draft-ietf-avtext-framemarking [b]. Therefore, a lower TID and a higher TID can be used to map to a lower PSER and a higher PSER requirements respectively.
The LID field named as Layer ID identifies the spatial and quality layer encoded, starting with 0 for the base layer, and increasing with higher fidelity. Higher values of LID identify higher spatial and/or quality layers with higher resolutions and/or bitrates as defined in draft-ietf-avtext-framemarking [b]. Therefore, a lower LID and a higher LID can be used to map to a lower PSER and a higher PSER requirements respectively.
X.4	PDU Set Identification based on RTP payload
[bookmark: _Toc101526152][bookmark: _Toc104882850][bookmark: _Toc113425998][bookmark: _Toc117496423][bookmark: _Toc120257282]X.4.1	PDU Set Identification based on H.264 RTP payload
If the PDU Set represents a video slice with H.264 RTP payload, the identification of the PDU Set can be realized by following approach.
According to RFC 6184 [c], within the RTP packet, the payload starts from a one-byte header structured for a Network Abstraction Layer (NAL) Unit encapsulating the slice output of encoded stream and the following is the encoded video content for one, part of or multiple video slices.


Figure X.4.1-1: NAL unit header format for H.264 [c]
The 5-bit NAL unit type in the NAL unit header can indicate the content of NAL unit, e.g. coded slice of an I frame, coded slice of a P frame. Besides, it can also indicate the possible structures of the RTP payload, e.g. single NAL unit packet, aggregation packet and fragmentation unit (FU). The NAL unit type for different RTP packet structure is shown in Figure X.4.1-2.


Figure X.4.1-2: H.264 NAL unit types and corresponding packet types [c]
For single NAL unit packet, that means one RTP packet can carry one NAL unit.
For aggregation packet, it means one RTP packets can carry multiple NAL unit, especially when the sizes of NAL units are quite small.
For fragmentation unit, that means multiple RTP packets are used to carry one NAL unit.
For single NAL unit packet and aggregation packet, it can be easily detected that each RTP packet carries one NAL unit when the NAL unit type is less than 28.
When NAL unit type is 28 or 29, one NAL unit is carried over multiple RTP packets. In this case, the first byte of RTP payload is also named the fragmented unit (FU) indicator and the following byte is the FU header as shown in Figure X.4.1-1. In the FU header, the "S" bit and "E" bit separately represents the start and end of the NAL unit. Therefore, based on the NAL unit type (also known as FU indicator for fragmented unit) and the FU header, the start/end of the same NAL unit can be identified.
Therefore, with the RTP payload (i.e. NAL unit header and optionally FU header), the UPF can identify the PDU Set for one video slice.
In the NAL unit header, the NRI value indicates the relative transport priority, as determined by the encoder. According to clause 5.3 of RFC 6184 [c], a value of 00 indicates that the content of the NAL unit is not used to reconstruct reference pictures. Such NAL units can be discarded without risking the integrity of the reference. Values greater than 00 indicate that the decoding of the NAL unit is required to maintain the integrity of the reference pictures. The highest transport priority is 11, followed by 10, and then by 01; finally, 00 is the lowest.
Therefore, UPF can use the NRI value to identify the importance information of NAL unit carrying the PDU Set/slice. In case the frame includes only one slice, the method can be used to detect the importance of the frame.
For scalable streams (i.e. different priority, dependency, temporary layers), the RTP NAL unit header as defined in RFC 6190 [f] can be used to map to different PSER requirements.
[bookmark: _Hlk124017228]The scalable streams use NAL unit type 14, 15, and 20 for prefix NAL unit, subset sequence parameter set and coded slice in scalable extension respectively as described in Figure X.4.1-2. NAL unit type 14 and 20 indicate the presence of three additional octets in the NAL unit header, as shown in Figure X.4.1-3.


Figure X.4.1-3: additional octets in the NAL unit header [c]
The PRID field named as priority_id specifies a priority identifier for the NAL unit. A lower value of PRID indicates a higher priority. Therefore, a lower priority_id and a higher priority_id can be used to map to a higher PSER and a lower PSER requirements respectively.
The DID field named as dependency_id indicates the inter-layer coding dependency level of a layer representation. At any PDU Set, a layer representation with a given dependency_id may be used for inter-layer prediction for coding of a layer representation with a higher dependency_id, while a layer representation with a given dependency_id shall not be used for inter-layer prediction for coding of a layer representation with a lower dependency_id. The dependency_id gives the details on the dependency relationship between different layers. For example, a layer of DID=n will be decoded based on another layer of DID=n-1. Therefore, a lower dependency_id and a higher dependency_id can be used to map to a lower PSER and a higher PSER requirements respectively. 
TID field named as temporal_id indicates the temporal level of a layer representation. The temporal_id is associated with the frame rate, with lower values of temporal_id corresponding to lower frame rates. A layer representation at a given temporal_id typically depends on layer representations with lower temporal_id values, but it never depends on layer representations with higher temporal_id values. Therefore, a lower temporal_id and a higher temporal_id can be used to map to a lower PSER and a higher PSER requirements respectively. 
NOTE:	The mechanism described in this clause does not work with SRTP-based payload encryption.
X.4.2	PDU Set Identification based on H.265 RTP payload
If the PDU Set represents a video slice with H.265 RTP payload, the identification of the PDU Set can be realized by following approach.
According to RFC 7798 [d], within the RTP packet, the payload starts from 2 byte header structured for a NAL Unit encapsulating the slice output of encoded stream and the following is the encoded video content for one, part of or multiple video slices.


Figure X.4.2-1: NAL unit header format for H.265 [d]
The 6-bit Type in the NAL unit header can indicate the content of NAL unit. Besides, it can also indicate the possible structures of the RTP payload, e.g. single NAL unit packet, aggregation packet (APs), fragmentation unit (FUs) and Payload Content Information (PACI) carrying RTP packet. The NAL unit type for different RTP packet structure is shown below.
Table X.4.2-1: H.265 NAL unit types and corresponding packet types [d]
	NAL unit type
	Packet Type Name

	0-40
	Single NAL unit packet

	41-47
	Reserved

	48
	Aggregation Packets

	49
	Fragmentation Units

	50
	PACI packet

	51-63
	Unspecified



-	For single NAL unit packet, that means one RTP packet can carry one NAL unit.
-	For aggregation packet, it means one RTP packets can carry multiple NAL unit, especially when the sizes of NAL units are quite small.
-	For fragmentation unit, that means multiple RTP packets are used to carry one NAL unit.
-	For PACI packet, that contains a payload header (that differs from other payload headers for efficiency), a Payload Header Extension Structure (PHES), and a PACI payload.
For single NAL unit packet and aggregation packet, it can be easily detected that each RTP packet carries one NAL unit when the NAL unit type is less than 49.
When NAL unit type is 49, one NAL unit is carried over multiple RTP packets. In this case, the first two-byte of RTP payload is also named the payload header (denoted as NAL U header) and the following byte is the FU header as shown in Figure X.4.2-1. In the FU header, the "S" bit and "E" bit separately represents the start and end of the NAL unit. Therefore, based on the NAL unit type (also known as FU indicator for fragmented unit) and the FU header, the start/end of the same NAL unit can be identified.
When NAL unit type is 50, this is a PACI packet which may carry a single NAL unit packet or FU. In this case, the first two-byte of RTP payload is also named as the PACI header (denoted as NAL U header). During the following two bytes, the "A" bit is the copy of "F" bit and cType field is the copy of Type field in the PACI payload NAL unit. Then the following is the PHES field, whose length is determined by the PHSize. Finally, the following is the PACI payload NAL unit, during which the first byte is FU header when cType is 49. Therefore, based on the PACI header and PACI payload NAL unit, the start/end of the same NAL unit can be identified.
The 6-bit Type field in the H.265 NAL unit header can indicate the content of VCL (video coding layer) NAL unit. Table X.4.2-2 shows the VCL NAL units as defined in H.265 [g]. H.265 includes signaling in the NAL unit header, through NAL unit types, of IRAP (Intra-Random Access Point) pictures beyond IDR (Instantaneous Decoding Refresh) pictures defined in H.264 [h]. Three types of IRAP pictures, namely IDR, CRA (Clean Random Access), and BLA (Broken Link Access) pictures, are supported: IDR pictures are conventionally referred to as closed group-of-pictures (closed-GOP) random access points whereas CRA and BLA pictures are conventionally referred to as open-GOP random access points. The BLA, IDR and CRA pictures do not refer to any pictures other than themselves for inter prediction in its decoding process. The BLA, IDR and CRA pictures are considered as the most important pictures, other pictures are encoded based on these pictures. Therefore, UPF can use the NAL unit value to identify the importance information of NAL unit carrying the PDU Set/slice. In case the frame includes only one slice, the method can be used to detect the importance of the frame.
Table X.4.2-2 H.265 VCL NAL units [d]
	NAL unit type
	Name of NAL unit type
	Content of VCL NAL unit

	0
1
	TRAIL_N
TRAIL_R
	TP (Trailing Picture) picture

	2
3
	TSA_N
TSA_R
	TSA (Temporal Sub-layer Access) picture

	4
5
	STSA_N
STSA_R
	STSA (Step-wise Temporal Sub-layer Access) picture

	6
7
	RADL_N
RADL_R
	RADL (Random Access Decodable Leading) picture

	8
9
	RASL_N
RASL_R
	RASL (Random Access Skipped Leading) picture

	10
12
14
	RSV_VCL_N10
RSV_VCL_N12
RSV_VCL_N14
	Reserved non-IRAP SLNR VCL NAL unit types

	11
13
15
	RSV_VCL_R11
RSV_VCL_R13
RSV_VCL_R15
	Reserved non-IRAP sub-layer reference VCL NAL unit types

	16
17
18
	BLA_W_LP
BLA_W_RADL
BLA_N_LP
	BLA (Broken Link Access) picture

	19
20
	IDR_W_RADL
IDR_N_LP
	IDR (Instantaneous Decoding Refresh) picture

	21
	CRA_NUT
	CRA (Clean Random Access) picture

	22
23
	RSV_IRAP_VCL22
RSV_IRAP_VCL23
	Reserved IRAP VCL NAL unit types

	24.31
	RSV_VCL24.
RSV_VCL31
	Reserved non-IRAP VCL NAL unit types



For scalable streams (i.e. different temporary, spatial, quality layers), the RTP NAL unit header as defined in RFC 7798 [d] can be used to map to different PSER requirements.
If temporal scalability streams are used, TID (TemporalId) field in the NAL unit header indicates the relative importance of an RTP packet. For example, NAL units belonging to higher temporal sub-layers are not used for the decoding of lower temporal sub-layers. A lower value of TID indicates a higher importance. More-important NAL units may be better protected against transmission losses than less-important NAL units based on temporal scalability. Therefore, a lower TID and a higher TID can be used to map to a lower PSER and a higher PSER requirements respectively. 
If spatial and quality streams are used, LayerId field in the NAL unit header indicates the relative importance of an RTP packet. For example, NAL units belonging to higher spatial layers are not used for the decoding of lower spatial layers. A lower value of LayerId indicates a higher importance. More-important NAL units may be better protected against transmission losses than less-important NAL units based on spatial scalability. Therefore, a lower LayerId and a higher LayerId can be used to map to a lower PSER and a higher PSER requirements respectively.
NOTE:	The mechanism described in this clause does not work with SRTP-based payload encryption.
[bookmark: _Toc104882853][bookmark: _Toc113426001][bookmark: _Toc117496426][bookmark: _Toc120257285]X.4.3	PDU Set Identification based on H.266 RTP payload
If the PDU Set represents a video slice with H.266 RTP payload, the identification of the PDU Set can be realized by following approach.
According to IETF RFC 9328 [e], within the RTP packet, the payload starts from 2 byte header structured for a NAL Unit encapsulating the slice output of encoded stream and the following is the encoded video content for one, part of or multiple video slices.


Figure X.4.3-1: NAL unit header format for H.266 [e]
The 5-bit NAL unit type in the NAL unit header can indicate the content of NAL unit. Besides, it can also indicate the possible structures of the RTP payload, e.g. single NAL unit packet, aggregation packet (APs) and fragmentation unit (FUs). The NAL unit type for different RTP packet structure is shown below.
Table X.4.3-1: H.266 NAL unit types and corresponding packet types [e]
	NAL unit type
	Packet Type Name

	0-25
	Single NAL unit packet

	26-27
	Reserved

	28
	Aggregation Packets

	29
	Fragmentation Units

	30-31
	Unspecified



-	For single NAL unit packet, that means one RTP packet can carry one NAL unit.
-	For aggregation packet, it means one RTP packets can carry multiple NAL unit, especially when the sizes of NAL units are quite small.
-	For fragmentation unit, that means multiple RTP packets are used to carry one NAL unit.
For single NAL unit packet and aggregation packet, it can be easily detected that each RTP packet carries one NAL unit when the NAL unit type is less than 29.
When NAL unit type is 29, one NAL unit is carried over multiple RTP packets. In this case, the first two-byte of RTP payload is also named the payload header (denoted as NAL U header) and the following byte is the FU header as shown in Figure X.4.3-1 In the FU header, the "S" bit and "E" bit separately represents the start and end of the NAL unit. Therefore, based on the NAL unit type (also known as FU indicator for fragmented unit) and the FU header, the start/end of the same NAL unit can be identified.
The 5-bit Type field in the H.266 NAL unit header can indicate the content of VCL (video coding layer) NAL unit. Table X.4.3-2 shows the VCL NAL units as defined in H.266 [i]. The IDR and CRA pictures do not refer to any pictures other than themselves for inter prediction in its decoding process. One of the H.266 features is that a the first coded picture in a bitstream can start with a GDR (Gradual Decoding Refresh) picture, without requiring presence of traditional random access points in the bitstream, such as IDR and CRA. In GOP, the IDR, CRA and GDR pictures are considered as the most important pictures, other NAL units are encoded based on these pictures. Therefore, UPF can use the NAL unit value to identify the importance information of NAL unit carrying the PDU Set/slice. In case the frame includes only one slice, the method can be used to detect the importance of the frame.
Table X.4.3-2: H.266 VCL NAL units [e]
	NAL unit type
	Name of NAL unit type
	Content of VCL NAL unit

	0
	TRAIL_NUT
	TP (Trailing Picture) picture

	1
	STSA_NUT
	STSA (Step-wise Temporal Sub-layer Access) picture

	2
	RADL_NUT
	RADL (Random Access Decodable Leading) picture

	3
	RASL_NUT
	RASL (Random Access Skipped Leading) picture

	4..6
	RSV_VCL_4.
RSV_VCL_6
	Reserved non-IRAP VCL NAL unit types

	7
8
	IDR_W_RADL
IDR_N_LP
	IDR (Instantaneous Decoding Refresh) picture

	9
	CRA_NUT
	CRA (Clean Random Access) picture

	10
	GDR_NUT
	GDR (Gradual Decoding Refresh) picture

	11
	RSV_IRAP_11
	Reserved IRAP VCL NAL unit type



For scalable streams (i.e. different temporary, spatial, quality layers), the RTP NAL unit header as defined in RFC 9328 [e] can be used to map to different PSER requirements.
If temporal scalability streams are used, TID (TemporalId) field in the NAL unit header indicates the relative importance of an RTP packet. For example, NAL units belonging to higher temporal sub-layers are not used for the decoding of lower temporal sub-layers. A lower value of TID indicates a higher importance. More-important NAL units may be better protected against transmission losses than less-important NAL units based on temporal scalability. Therefore, a lower TID and a higher TID can be used to map to a lower PSER and a higher PSER requirements respectively. 
[bookmark: _Hlk124162931]If spatial and quality streams are used, LayerId field in the NAL unit header indicates the relative importance of an RTP packet. For example, NAL units belonging to higher spatial layers are not used for the decoding of lower spatial layers. A lower value of LayerId indicates a higher importance. More-important NAL units may be better protected against transmission losses than less-important NAL units based on spatial scalability. Therefore, a lower LayerId and a higher LayerId can be used to map to a lower PSER and a higher PSER requirements respectively.
NOTE:	The mechanism described in this clause does not work with SRTP-based payload encryption.
X.4.4	PDU Set Identification based on AV1 RTP payload
Editor's note:	How to identify PDU Set is FFS.
*** End of Changes ***
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