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Abstract: This contribution proposes update of solution#24 for KI#5 to apply identification of importance information of PDU Sets based on H.265/H.266 NAL unit header.
1. Introduction
[bookmark: _Hlk101128779]“Solution #24: Support differentiated QoS handling for different PDU Sets” was agreed to be added to TR 23.700-60. This solution contains identification of the importance information of PDU Sets based on H.264 NAL unit header.
[bookmark: _Hlk101128805]H.265/HEVC and H.266/VVC are extensions of the concepts for H.264 and offer better data compression at the same level of video quality, or substantially improved video quality at the same bit rate in comparison to H.264. These codecs are also used in wide range of contents, such as XR, 4K/8K video stream and Cloud gaming.
This paper proposes how to identify the importance information of PDU Sets based on H.265/H.266 NAL unit header for the Solution #24.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-60.
[bookmark: _Toc97036687][bookmark: _Toc11247565][bookmark: _Toc27044704][bookmark: _Toc36033746][bookmark: _Toc45131892][bookmark: _Toc49776177][bookmark: _Toc51747097][bookmark: _Toc66360661][bookmark: _Toc68105166][bookmark: _Toc74755796][bookmark: _Toc90643099][bookmark: _Toc28013571][bookmark: _Toc36040409][bookmark: _Toc44693057][bookmark: _Toc45134518][bookmark: _Toc49607582][bookmark: _Toc51763554][bookmark: _Toc58850472][bookmark: _Toc59018852][bookmark: _Toc68169864][bookmark: _Toc97203887][bookmark: _Hlk100929421][bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc97526927][bookmark: _Ref93394262][bookmark: _Toc97268160][bookmark: _Toc519004414][bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc97526924][bookmark: _Toc16839382]*** Start of Changes ***
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The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[4]	3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".
[5]	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[6]	3GPP TR 22.847: "Study on supporting tactile and multi-modality communication services; Stage 1".
[7]	IEEE SA P1918.1: "Tactile Internet: Application Scenarios, Definitions and Terminology, Architecture, Functions, and Technical Assumptions", https://standards.ieee.org/project/1918_1.html
[8]	3GPP TS 38.300: "NR and NG-RAN Overall Description; Stage 2".
[9]	IETF RFC 3550: "RTP: A Transport Protocol for Real-Time Applications", STD 64, July 2003.
[10]	IETF RFC 3711: "The Secure Real-time Transport Protocol (SRTP)", March 2004.
[11]	draft-ietf-avtext-framemarking: "IETF experimental draft-ietf-avtext-framemarking-13 - Frame Marking RTP Header Extension".
[12]	IETF RFC 6184: "RTP Payload Format for H.264 Video", May 2011.
[13]	IETF RFC 6190: "RTP Payload Format for Scalable Video Coding", May 2011.
[14]	IETF RFC 6437: "IPv6 Flow Label Specification", November 2011.
[15]	IETF RFC 8285: A General Mechanism for RTP Header Extensions.
[16]	3GPP TS 29.281: "General Packet Radio System (GPRS) Tunnelling Protocol User Plane (GTPv1-U)".
[17]	3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification".
[18]	3GPP TS 38.323: "NR; Packet Data Convergence Protocol (PDCP) specification".
[19]	ITU-T Recommendation H.264: "Advanced video coding for generic audiovisual services".
[20]	IETF RFC 3551: "RTP Profile for Audio and Video Conferences with Minimal Control", July 2003.
[21]	IETF RFC 7798: "RTP Payload Format for High Efficiency Video Coding (HEVC)", March 2016.
[22]	ISO/IEC 14496-12 | 15444-12: "Information technology - Coding of audio-visual objects - Part 12: ISO base media file format".
[23]	3GPP TS 26.244: "Transparent end-to-end packet switched streaming service (PSS); 3GPP file format (3GP)".
[24]	3GPP TS 38.415: "NG-RAN; PDU Session User Plane Protocol".
[25]	IETF RFC 1889: "RTP: A Transport Protocol for Real-Time Applications", January 1996.
[bookmark: definitions][26]	3GPP TS 29.998: "Open Services Architecture (OSA) Application Programming Interface (API) part 2".
[bookmark: _Hlk101189045][W]	ITU-T Recommendation H.265, "High efficiency video coding".
[X]	ITU-T Recommendation H.266, "Versatile video coding".
[Y]	draft-ietf-avtcore-rtp-vvc-14: "RTP Payload Format for Versatile Video Coding (VVC)".
*** Next Change ***
[bookmark: _Toc101526239][bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687]6.24.2	Description
For interactive media services, e.g. Cloud XR, cloud gaming, real-time video based remote control, PDUs of the media services carry different frame/video slice. For example, in GOP, the first I-frame is considered as the most important frame, other P-frames are encoded based on the I-frame. To ensure the limited radio resources be used to guarantee the successful delivery of the most important packet, 5GS can bring better user experience with same resource. 5GS should be aware of the different importance/dependencies of PDU Sets to achieve such target.
The design of typical media codec and transporting protocol, e.g. RTP, have already considered such transporting requirements and provided importance information via RTP header or NAL (Network Abstract Layer) header (See details in clause 6.24.3.2), so that network node can protect more important NAL units better than they do less important NAL units as described in clause 5.3 of RFC 6184 [12], clause 1.1.4 of RFC 7798 [21] and clause 1.1.4 of draft-ietf-avtcore-rtp-vvc-14 [y].
In this solution, the following aspects are included:
1.	AF initiates AF session with required QoS as described in clause 4.15.6.6 of TS 23.502 [3].
2.	PCF determines updated or new policy information based on AF requirements. The policy information includes detection template for PDU Set importance/dependency and different QoS parameters for different PDU Sets, and optional dependency related instructions. The PCF initiates PDU Session Modification procedure and sends the policy information to SMF.
3.	Based on the policy information, the SMF assigns different QFIs with corresponding QoS parameters for different PDU Sets. The SMF sends N4 rules including PDR and FAR to UPF and N2 SM information including QoS Profiles to RAN.
4.	When the UPF receives DL packets from the application server, the UPF identifies the importance/dependency information of PDU Set of the packet and maps the packet into corresponding QoS Flow. Details on how to identify the importance/dependency information of PDU Set is described in clause 6.24.3.2.
5.	RAN receives DL packets from the UPF. The RAN handles the packets based on N2 SM information from SMF.
The dependency related instructions include:
-	Allow for extended transmission for reference PDU sets, i.e. reference PDU set will not be dropped even its delay exceeds PDB for a limited time duration.
-	Drop the PDU sets if transmission of its reference PDU set is considered as failed.
*** Next Change ***
[bookmark: _Toc101526243]6.24.3.2.1	Identification of importance/dependency information of PDU Set as a video frame.
If the PDU Set represents a video frame, the identification of importance/dependency information of the PDU Set can be realized via following options.
Option#1. Identification based on RTP header extension
The RTP header extension defined in draft-ietf-avtext-framemarking [11] is as following:


Figure 6.24.3.2.1-1: Frame Marking RTP header extension for non-scalable streams
In the above RTP header extension (see clause 3.1 of draft-ietf-avtext-framemarking [11]):
-	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 or VP8/9 keyframe.
-	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.
UPF can based the above I field or D field to identify the important PDU Set/frame.
If scalable streams (i.e. different temporary, spatial, quality layers) is used, the RTP header extension is defined as following:


Figure 6.24.3.2.1-2: Frame Marking RTP header extension for scalable streams
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 [11].
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 [11].
UPF can based on the TID and LID field to identify the independent PDU Set/base layer.
Option#2. Identification based on H.264 NALU header
For each RTP packet, a H.264 NAL unit header is included following RTP header. For RTP payload carrying H.264 video slices, according to RFC 6184 [12], the H.264 NAL unit header is as following:


Figure 6.24.3.2.1-3: H.264 NAL unit header format
In the H.264 NAL unit header, the NRI value indicates the relative transport priority, as determined by the encoder. According to clause 5.3 of RFC6184 [12], 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.
If scalable streams are used, the RTP NAL unit header is defined in RFC 6190 [13] can be used to identify the importance/dependency information of PDU Set in different media layers.
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 6.24.3.2.1-3. NAL unit type 14 and 20 indicate the presence of three additional octets in the NAL unit header, as shown below.


Figure 6.24.3.2.1-4: additional octets in the NAL unit header
The PRID field named as priority_id specifies a priority identifier for the NAL unit. A lower value of PRID indicates a higher priority.
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.
UPF can determine importance information based on PRID field and/or determine dependency information based on the DID field.
NOTE 1:	Option 2 depends on the readability of NALU header in RTP payload. If RTP payload is encrypted, e.g. SRTP is used, option 2 will not be applicable.
Option#3. Identification based on assistance information from AF
The media application (i.e. AF) may provide to 5GS dependency information of PDU sets in the form of GOP structure. 5GS derives the importance/dependency relationship between different PDU sets using the GOP structure.
NOTE 2:	Option#3 applies to the scenario where dependency information of PDU Set is static.
As an example, such frame dependency information can be indicated using GOP structure (N, M), where N indicates the number of frames in one GOP and M indicates the distance between two anchor frames (I or P). For example, if M=3 and N=12, the GOP structure is IBBPBBPBBPBBI.
Option#4. Identification based on traffic pattern
In general, different PDU Sets have different traffic patterns, e.g. size of one PDU Set, number of packets within one PDU Set. For example, the size of I frame is generally 2-3 times larger than P frame. Therefore, the traffic patterns can be used to identify the frame type and hence the importance information of PDU Set.
NOTE 3:	Accuracy of the detection in option 4 depends on the implementation of UPF.
Option#X. Identification based on H.265 NALU header
For each RTP packet, a H.265 NAL unit header is included following RTP header. For RTP payload carrying H.265 video slices, according to RFC 7798 [21], the H.265 NAL unit header is as following:


Figure 6.24.3.2.1-x: H.265 NAL unit header format
The 6-bit Type field in the H.265 NAL unit header can indicate the content of VCL (video coding layer) NAL unit. Table 6.24.3.2.1-x shows the VCL NAL units as defined in H.265 [w]. H.265 [w] 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 [19]. 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 of BLA, IDR or CRA to identify the importance information of NAL unit carrying the PDU Set/slice.
Table 6.24.3.2.1-x H.265 VCL NAL units
	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



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, UPF can determine importance information of NAL unit carrying the PDU Set/slice based on TID field.
NOTE y:	Option#X depends on the readability of NALU header in RTP payload. If RTP payload is encrypted, e.g. SRTP is used, option#X will not be applicable.
Option#Y. Identification based on H.266 NALU header
For each RTP packet, a H.266 NAL unit header is included following RTP header. For RTP payload carrying H.266 video slices, according to draft-ietf-avtcore-rtp-vvc-14 [y], the NAL unit header is as following:


Figure 6.24.3.2.1-y: H.266 NAL unit header format
The 5-bit Type field in the H.266 NAL unit header can indicate the content of VCL(video coding layer) NAL unit. Table 6.24.3.2.1-y shows the VCL NAL units as defined in H.266 [x]. 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 values of IDR, CRA or GDR to identify the importance information of NAL unit carrying the PDU Set/slice.
Table 6.24.3.2.1-y H.266 VCL NAL units
	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



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, UPF can determine importance information of NAL unit carrying the PDU Set/slice based on TID field.
NOTE x:	Option#Y depends on the readability of NALU header in RTP payload. If RTP payload is encrypted, e.g. SRTP is used, option#Y will not be applicable.
*** Next Change ***
[bookmark: _Toc101526244]6.24.3.2.2	Identification of importance/dependency information of PDU Set as a video slice
When the PDU Set stands for a video slice, the RTP Payload as defined in RFC 6184 [12], RFC 7798 [21] and draft-ietf-avtcore-rtp-vvc-14 [y] can be used to identify the priorities between different video slices. Details can be found in option#2 , option#X and option#Y of clause 6.24.3.2.1.
*** End of Changes ***
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