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[bookmark: _Hlk102745210]Abstract: This contribution proposes further update and miscellaneous correction of solution#24 for KI#5.
1. Introduction
In some cases, dependency relationship can be represented in a simplified way using PDU set importance within a certain PDU sets group. E.g., a PDU set containing a P frame is more important than a PDU set containing a subsequent P frame in the same temporal coded group of pictures. A PDU set containing a I-slice is more important than a PDU set containing a P-slice in the same spatial coded group of video slices. A PDU set containing video contents in a base layer is more important than a PDU set containing video contents in an enhancement layer for the same video segment.
The contribution adds the missing definition of “PDU sets group” in solution #24 and align the description in the solution where the PDU set importance information is used for dependency related treatment.    
This paper also proposes miscellaneous correction for Solution #24.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-60.
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[bookmark: _Toc101526237][bookmark: _Toc104882939][bookmark: _Toc101526242][bookmark: _Toc104882944]6.24	Solution #24: Support differentiated QoS Handling for different PDU Sets
[bookmark: _Toc101526238][bookmark: _Toc104882940]6.24.1	Key Issue mapping
This solution corresponds to KI#5 on Differentiated PDU Set Handling.
[bookmark: _Toc101526239][bookmark: _Toc104882941]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 [48].
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 importance/dependency related instructions include:
-	Allow for extended transmission for important/reference PDU sets, i.e. important/reference PDU set will not be dropped even if its delay exceeds PSDB for a limited time duration. 
[bookmark: _Toc101526241][bookmark: _Toc104882943]-	Drop the PDU sets if transmission of its reference PDU set is considered as failed.
-  Prioritize the transmission/retransmission of more important PDU sets in case of resource shortage.
[bookmark: _Toc101526240][bookmark: _Toc104882942]6.24.3	Procedures
6.24.3.1	Processing of PDU Sets based on different importance/dependency information
Figure 6.24.3.1-1 shows the procedure for supporting differentiated QoS handling for different PDU Sets.

 
Figure 6.24.3.1-1: Differentiated QoS Handling for different PDU Sets
0.	The UE establishes a PDU Session as defined in clause 4.3.2.2.1 of TS 23.502 [3].
1.	AF sets up an AF session with required QoS procedure as defined in clause 4.15.6.6 of TS 23.502 [3].
	The AF request may include flow description for XR/media services, the dependency information of PDU Sets (See option 3 of clause 6.24.3.2.1), and traffic pattern (See option 4 of clause 6.24.3.2.1), Media protocol info (e.g. which RFC is used in user data).
2.	The PCF derives detection template for PDU Set importance/dependency and different QoS parameters for different PDU Sets and makes policy decision. Optionally, the PCF may derive the importance/dependency related instructions in the PCC rule. The PCF initiates the PDU Session modification procedure as defined in clause 4.3.3.2 of TS 23.502 [3], steps 1b, 3b, 4-8b. The PCF sends policy information to SMF.
3.	The SMF assigns different QoS Flow IDs and QoS parameters for the PDU Sets of the service data flow based on their importance/dependencies. For example, the SMF assigns a QoS Flow ID and corresponding QoS parameters for important PDU Set (e.g. those I-frame or base layer which are references of other frames and layers hence better not be dropped), and another QoS Flow ID and corresponding QoS parameters for other PDU Set (e.g. other frames or additional layers that have dependence on the I-frame or base layer). Different QoS handling on PDU Sets may be performed:
-	For important PDU Set, prioritized admission control/resource scheduling can be performed. 
-	These PDU Set should be delivered to the UE no matter whether PSDB is exceeded or not.
-	For other droppable PDU Set, perform correlated packets dropping, resource pre-emption.
	The SMF sends N4 rules to the UPF to indicate the UPF to identify importance/dependency information of PDU Sets for received packets and map the packets to corresponding QoS Flows. Details on how the UPF identify importance/dependency information of PDU Sets are described in clause 6.24.3.2.
NOTE: Based on Media protocol info included in the PDU Set level packet handling/treatment requirements or based on pre-configuration, SMF generates N4 rules accordingly to instruct UPF to identify the PDU Sets of corresponding protocols as shown in clause 6.24.3.2.
The SMF also sends N2 SM information including QoS profiles to RAN.
4.	The UPF identifies the importance/dependency information of PDU Sets for the DL packets and maps the packets into corresponding QoS Flow based on N4 rules received in step 2(See details in clause 6.24.3.2). UPF sends the DL packets to RAN via different QoS Flows. UPF may also provide importance/dependency information of the between PDU Sets to RAN via GTP-U header.
5.	The RAN handles the DL packets based on N2 SM information received in step 2 considering the above different QoS handling of the PDU Set. In addition, if dependency information is provided and a PDU Set has been dropped, the other PDU Sets depends on this dropped PDU Sets should also be dropped.
6.24.3.2	PDU Set Importance/dependency information identification on UPF
Real-time Transport Protocol (RTP) are widely used for data with real-time characteristics, such as interactive audio and video.
To support differentiated QoS handling for PDU Sets in 5GS, the UPF should firstly identify the PDU Sets (corresponding to a frame or video slice), then identify the importance/dependency of different PDU Set.
NOTE:	Solution #12 () for KI#4 described how to identify PDU Set in UPF. This clause will focus on how to further identify the importance/dependency information of different PDU Sets.
[bookmark: _Toc101526243][bookmark: _Toc104882945]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 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 applicable.
Option#3. Identification based on assistance information from AF
PDU sets group refers to a group of PDU sets which have some dependency relationship among them (e.g., PDU sets carrying the video contents from the same GOP, PDU sets carrying the video contents from the same video segment, etc.). In a PDU sets group, the dependency relationship among the PDU sets can be represented by the PDU set priority. E.g., PDU set carrying I, 1st P, 2nd P, 3rd P frame in a GOP could be assigned to priority level 1, 2, 3, 4 respectively. PDU set carrying the base layer, enhancement layer 1, enhancement layer 2 of a video segment could be assigned to priority 1, 2, 2 respectively. 
The media application (i.e. AF) may provide/update to 5GS importance/dependency information of PDU sets in the form of group size (i.e. number of PDU set), indication of starting/ending PDU set of a group of PDU sets (e.g. sequence number, transmission time), importance/dependency information of the PDU set with respects to the position/order of PDU set in the group of PDU sets. 5GS derives the importance/dependency relationship between different PDU sets using the assistance information from AF. Option#3 can be used together with UP based identification (i.e., Option #1, Option #2, Option #5X or Option #6Y)., Information derived from UP based identification, if available, takes precedence to the one derived from option 3. Ee.g. PDU set with 'I' field set in the RTP header or an ‘IDR’ indicates/resets the start of a group of PDU sets. The PDU sets with the highest importance or the base PDU set is detected using option #1, #2, #5X, #6Y, the importance/dependency information of other PDU sets is derived further with the assistance information from AF. Option#3 also applies to the cases where the RTP header or NAL header is encrypted.
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 2:	Accuracy of the detection in option 4 depends on the implementation of UPF.
Option#5. 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 6.24.3.2.1-5: 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 6.24.3.2.1-15 shows the VCL NAL units as defined in H.265 [46]. H.265 [46] 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 6.24.3.2.1-1 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 3:	Option#5X depends on the readability of NALU header in RTP payload. If RTP payload is encrypted, e.g. SRTP is used, option#5X will not be applicable.
Option#6. 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 [48], the NAL unit header is as following:


Figure 6.24.3.2.1-6: 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 6.24.3.2.1-26 shows the VCL NAL units as defined in H.266 [47]. 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 6.24.3.2.1-2 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: For non-VCL NAL unites, the UPF determines the importance information based on local configuration. For example, the non-VCL NAL unites could be assigned with a higher importance based on operator configuration.
NOTE:	Option#6 depends on the readability of NALU header in RTP payload. If RTP payload is encrypted, e.g. SRTP is used, option#6 will not be applicable.
[bookmark: _Toc101526244][bookmark: _Toc104882946]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 [48]can be used to identify the priorities between different video slices. Details can be found in option#2, option#5 and option#6 of clause 6.24.3.2.1.
*** End of Changes ***
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