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1	Background
In TR 23.700-60[1], solution #52 is proposed to consolidate solutions for PDU set based QoS framework targeting KI#4&KI#5. However, several editor’s notes are still pending. This contribution tries to solve the remaining issues of solution#52 and provides new issues.  
2	Discussion
2.1 Editor’s Notes in Solution #52
In the following, the editor’s notes in Solution#52 are listed and analyzed one by one. 
Editor’s Note #1: PDU Set identification for peer-to-peer scenarios (i.e. between two UEs routed via the 5G CN) is FFS.
Editor’s Note #2: The PDU Set QoS handling for Uplink media services is FFS.
The PDU set identification for peer-to-peer scenarios includes identification over 1) air interface between source UE and RAN node, 2) interface between RAN node and UPF; 3) interface between UPF and UPF (optionally). Issue 1) should also be considered for UL PDU set handling, which is closely related with HARQ and RLC transmission mode for uplink and should be decided by RAN WG.  
Proposal 1: it is proposed to send LS to RAN WG for the UL PDU Set handling. 
Editor’s Note #3: Whether PDU Set Sequence number can also convey Start/End PDU of a PDU Set instance is FFS.
Solution#7 introduces the concept of PDU sequence mark (PSM), which is a single alternating bit. If out-of-order packets span multiple PDU sets, a larger PSM shall be used instead. If PDU Set Sequence Number is in the form of PSM, PSM can be utilized to infer the boundary of PDU set. However, it is not possible to identify the missing PDUs of PDU set based on PSM only. Therefore, boundary of PDU set is not equal to the Start/End PDU of a PDU set. It is also the case for normal sequence number. Therefore, 
Proposal 2: it is proposed to remove Editor’s Note #3 in Solution#52.
Editor’s Note #4: What information can be achieved by each option need further discussion.
	Option
	Information available

	Option 1: by matching RTP/SRTP header and payload (RFC 3550/6184/draft-ietf-avtext-framemarking)
	Based on Solution#12, the following parameters can be utilized to identify the boundary of one frame/slice.
“Marker” bit in RTP header, “S” bit and “E” bit in RTP header extension, NAL type, “S” bit and “E” bit in NAL unit header format for H.264/H.265/H.266 
UPF can translate “sequence number” and the parameters for boundary identification into PDU set SN and PDU SN within PDU set.
Based on Solution#7 and #24, the following parameters can be utilized to identify PDU set importance,
· “NAL I flag” and “NAL priority field” for RTP 
· “I flag”, “D flag” and “TID/LID/TL0PICIDX” for SRTP 
· NAL unit value of BLA,IDR or CRA for H.265 NALU header
· RPID in H.264 NALU header
UPF can translate the above parameters into PDU set importance.
Based on Solution#24, the DID field named as dependency_id in H.264 NALU header indicates the inter-layer coding dependency level of a layer representation.
UPF can determine dependency information based on the DID field.

	Option 2: new RTP extension header
	The main work is out of 3GPP scope

	Option 3: by information provided by the AS in N6 encapsulation header e.g. GTP-U
	It is usually to be out of 3GPP scope

	Option 4: by detection based on traffic characteristics
	Based on solution#17 and#18, UPF is able to identify the start/end of the PDU set, and the most important frame and less importance frame. UPF can then add PDU set SN, start/end PDU indication of PDU set, SN within PDU set and also importance into GTP-U header. 

	Option 5: by non-standardized mechanisms UPF implementation
	Out of 3GPP scope



Proposal 3: it is proposed to remove Editor Note#4 and add a NOTE to prefer Option1 and Option 4. 
Editor’s Note #5: The definition of the PDU Set Error Rate is FFS.
There’re now two cases considered for PDU set, 1) all PDUs are needed for the usage of PDU set by application layer; 2) not all PDUs are needed for the usage of PDU set by application layer. Therefore, the definition of PDU set not successfully received shall be as follows correspondingly, 
· 1) not all PDUs of PDU set are received by the application layer 
· 2) not enough PDUs of PDU set are received by the application layer 
1) can be identified by RAN node if parameters for PDU set identification are provided by UPF over GTP-U header. However, it is not possible for RAN node to identify case 2), which is the application layer’s job. Therefore, it is proposed that PDU Set Error Rate (PSER) should only be considered for the PDU sets in which all PDUs are needed for the usage of PDU set by application layer. That is, only if an indication of “all PDUs are needed for the usage of PDU Set by application layer” (i.e., indication of PDU set integrated handling) for application flow, or frame type/PDU set importance is provided, PSER shall be considered for the corresponding QoS flow or PDU sets. The definition of PSER in either solution#8 or solution 25 is ok.  
Proposal 4: it is proposed to consider PSER only for the QoS flow or PDU sets with PDU set integrated handling.  
Editor’s Note #6: Whether the “PDU Set Priority” will be the same for all PDU Sets (i.e. same as existing QoS Flow Priority) or it will be different for each PDU Set (i.e. same as “PDU Set importance”) is FFS.
“PDU Set Priority” is proposed in Solution#22, which is defined to indicate the priority of the PDU Set to which the PDU belongs. As stated in Editor’s Note#6, the PDU Set Priority defined in Solution#22 is different for each PDU set, which is the same as “PDU Set Importance”. And if the “PDU Set Priority” is the same for all PDU sets, which is the same as the existing QoS flow priority. Therefore, it is proposed to remove “PDU Set Priority” which is covered by either “PDU Set Importance” or the existing QoS flow priority.
Proposal 5: it is proposed to remove “PDU Set Priority” and Editor Note #6. 
Editor’s Note#7: Whether more detailed indicators are needed for different PDU Set QoS handling features (e.g. PDU Set integrated handling, QoS handling based on PDU Set importance, PDU Set dropping due to delivery failure of dependent PDU Sets) is FFS.
We summaries all AF provision indications for PDU set handling mentioned in solution#52 with analysis and suggestion as follows, 
Table 2 indication for PDU set handling provided by AF
	Indication
	Analysis
	Suggestion

	a) PDU set handling indication
	PDU set handling includes “KI#4 PDU set integrated handing” and “KI#5 PDU set differentiated handling”. Therefore, “PDU set handling indication” applies to both “KI#4 PDU set integrated handing” and “KI#5 PDU set differentiated handling”.
	Not needed

	b)Whether all PDUs are needed for the usage of PDU Set by application
	“Whether all PDUs are needed for the usage of PDU Set by application layer” is related with “KI#4 PDU set integrated handling” only, which is equal to the indication of PDU set integrated handling.
As not all PDU sets of XR traffic requires PDU set integrated handling, the indication of PDU set integrated handling shall be provided by AF in the granularity of application flow, or frame/importance (solution#26). The necessity of packet level indication (solution#8) needs further discussion.
	Introduce indication of PDU set integrated handling associated with application flow, or frame/PDU set importance

	c)PDU set integrated handling
	
	

	d)QoS handling based on PDU set importance
	Indication of QoS handling based on PDU set importance is indeed the indication of PDU set differentiated handling, which can be implicitly indicated via other PDU set related information (e.g., PSDB, PSER). 
	Not needed

	e) PDU set dropping due to delivery failure of dependent PDU sets
	As stated in LS from SA4 [2], a PDU Set may “depend” on previously received PDU Sets. However, such dependencies do not necessarily result in discarding dependent information units, but the user experience may be degraded. Therefore, the indication of PDU set dropping due to delivery failure of dependent PDU sets is not necessary.
	Not needed


Proposal 6: it is proposed AF to provide indication of PDU set integrated handling associated with application flow, or frame/PDU set importance. The indication of PDU set differentiated handling can be implicitly indicated via other PDU set related information. No need to introduce the indication of “PDU set handling” and “PDU set dropping due to delivery failure of dependent PDU sets”. 
2.2 Other Issues
Solution #52 summaries the baseline parameters for PDU set identification, which includes PDU set SN, Start/End PDU of the PDU set, PDU SN within a PDU set and Number of PDUs within a PDU set. Besides, RAN1 also mentions PDU set size (number of bits) in the reply LS to SA2 [3], which is an alternative for number of PDUs within a PDU set. 
Proposal 7: it is proposed to add PDU set size (number of bits) into Solution #52. 
Regarding how UPF provides the PDU Set importance to the RAN, there’re three options. 1)UPF classifies the DL traffics into different QoS Flows based on PDU Set importance; 2) UPF classifies the DL traffic into different sub-QoS Flows based on PDU Set importance; 3) UPF adds PDU set importance into GTP-U header. For option1 and option 2 imply that different QoS flow/sub-QoS flow shall be associated with different PDU set importance. Then SMF shall provide RAN node the PDU set importance value associated with QoS flow or sub-QoS flow. While option 3 is totally over user plane. 
Accordingly, Solution#10,#17,#24 and #26 propose different QoS flows for different frame type/importance value. Meanwhile, solution#11 and #14 propose handling all PDU sets with different frame type/importance value within one QoS flow. Therefore, there’re mainly two options for handling PDU set with QoS flows.
· One-to-one mapping for QoS flow and frame type/importance value (option 10, 17, 24, 26)
· One-to-many mapping for QoS flow and frame type/importance value (solution 11, 14)
Proposal 8: it is proposed to add the issue of handling PDU set with QoS flows into Solution#52. 
As discussed in [4], awareness of PDU set handling capability of RAN node makes SMF able to better configure UPF. E.g., if SMF finds that the PDU set handling capability of target RAN node is different from that of source RAN node during handover, SMF shall inform UPF to activate or deactivate PDU set handling. Besides, SMF may inform UPF to activate PDU set handling based on the PDU set handling capability of RAN node upon PDU session establishment. 
Proposal 9: it is proposed to introduce PDU set handling capability of RAN node into consideration. 
Solution #19, #22, #23 and #49 mentions that UPF shall drop the packets for PDU set integrated handling, or for PDU set differentiated handling based on importance and correlation for congestion case. Specially, Solution#23 suggests UPF to drop the packets of the PDU set if the lost packets within the PDU set are above the threshold. Solution #49 suggests UPF to inform the downstream node (either UPF or RAN node) to drop the PDU set which is already dropped by itself to save transmission resources.    
Proposal 10: It is proposed to add the issue of PDU set dropping at UPF into Solution #52. 
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4	Proposal
[bookmark: _Toc510607467][bookmark: _Toc518306726]* * * * Start of Change * * * *
[bookmark: _Toc104799128]6.52	Solution #52: Consolidated Solution for PDU Set based QoS framework 
[bookmark: _Toc104799129]6.52.1	Key Issue mapping
This solution aims to resolve Key Issue #4, “PDU Set integrated packet handling” and Key Issue # 5, “Differentiated PDU Set Handling”.
[bookmark: _Toc104799130]6.52.2	Description
This solution provides a framework for the PDU Set based QoS handling. The following principles apply:
PDU Set QoS policies/rules/profiles and PDU Set QoS Flow establishment
-	Dynamic PCC rules and non-dynamic PCC rules are supported.
-	PDU Set QoS requirements provisioning by AF supported (for dynamic PCC).
-	PDU Set QoS policies are provided to SMF by PCF for dynamic PCC rules.
-	RAN receives PDU Set QoS profiles from SMF.
PDU Set identification and marking over the user plane
-	PDU Sets are detected in the UPF.
-	Between AS and UPF, multiple PDU Set marking techniques can be supported (see bullet 2 below). 
-	PDU Set identification between AS and UPF can be negotiated over Control Plane (via NEF for non-trusted AF), or based on pre-configuration.
[bookmark: _Hlk110434783]Editor’s Note: PDU Set identification for peer-to-peer scenarios (i.e. between two UEs routed via the 5G CN) is FFS.
-	UPF marks PDU Sets in GTP-U layer via GTP-U header extension. GTP-U marking is independent from and common to different PDU Set markings between AS and UPF.	
The following aspects are included:
In the following list, a set of baseline parameters are identified as part of PDU Set QoS framework. Additionally, a set of potential parameters for further study (as proposed by other solutions) is described. 
NOTE 1: The baseline set of parameters does not exclude additional parameters to be agreed in the future.
1.	UPF identifies the PDUs belong to a PDU Set and the following information for each PDU Set:
	Info for intra-PDU Set handling (i.e. KI#4, PDU Set integrated handling) 
	Baseline parameters:
- 	PDU Set Sequence number (SN) (solution 7, 8, 9, 11, 12, 14, 19, 20, 21, 22)
-	Start/End PDU of the PDU Set (solution 11, 12, 15, 18, 21, 22)
- 	PDU SN within a PDU Set (solution 11, 20, 22)
- 	Number of PDUs within a PDU Set (solution 9, 20) or PDU set size (number of bits)
[bookmark: _Hlk110435337]Editor’s Note: Whether PDU Set Sequence number can also convey Start/End PDU of a PDU Set instance is FFS.
The QoS Flow is identified using QoS Flow ID and each PDU Set within the QoS Flow is identified using PDU Set SN. Each QoS Flow can be used to deliver one or more PDU Set.
	Info for inter-PDU Set handling (i.e. KI#5, PDU Set differentiated handling)
	Baseline parameters:
-	PDU Set importance (solution 7, 11, 14, 15, 18, 19, 22, 24)
	Parameters for further study:
-	PDU Set dependency (solution 11, 14, 19, 22, 24)
2.	UPF identifies the above information (listed in bullet #1) based on the following mechanism(s):
	Parameters for further study:
	Option 1: by matching RTP/SRTP header and payload (RFC 3550/6184/draft-ietf-avtext-framemarking)
	(solution 7, 12, 14, 15, 16, 17, 18, 23, 24)
	Option 2: new RTP extension header (solution 8)
	Option 3: by information provided by the AS in N6 encapsulation header e.g. GTP-U (solution 9, 22)
	Option 4: by detection based on traffic characteristics (solution 12, 17, 18, 24)
	Option 5: by non-standardized mechanisms UPF implementation (solution 20, 25)
[bookmark: _Hlk110436443]Editor’s Note: What information can be achieved by each option need further discussion.
NOTE 2: Based on option 1 and option 4, UPF is able to identify the start/end of the PDU set, PDU set SN, SN within PDU set and also the PDU set importance. 
3.	UPF provides the above PDU Set related information (listed in bullet #1) to the RAN.
	For PDU Set importance:
	Options for further study:
	Option 1: UPF classifies the DL traffics into different QoS Flows based on PDU Set importance (solution 10, 14, 24, 26)
	Option 2: UPF classifies the DL traffics into different sub-QoS Flows based on PDU Set importance (solution 17, 18).
	Option 3: UPF adds PDU Set importance into GTP-U header (solution 7, 11, 14, 15,17, 18, 19, 22) 
	For other PDU Set related info (listed in bullet #1): 
	UPF adds them into GTP-U Header (solution 7, 11, 14, 15, 19, 22)
4.	New QoS parameters for PDU Set based QoS handling in 5GS: 
	Baseline parameters:
-	PDU Set Delay Budget (PSDB) (solution 8, 9, 12, 14, 25, 26)
-	PDU Set Error Rate (PSER) (solution 8, 12, 25, 26)
NOTE 3: PSER is only considered for the QoS flow or PDU sets with PDU set integrated handling.
[bookmark: _Hlk110436546]Editor’s Note: The definition of the PDU Set Error Rate is FFS.
-	Whether all PDUs are needed for the usage of PDU Set by application layer (solution 22, 23, 25)
	Parameters for further study:
-	Whether to drop a PDU Set in case PSDB is exceeded (solution 8, 22, 24, 25)
- 	PDU Set Priority
[bookmark: _Hlk110438030]Editor’s Note: Whether the “PDU Set Priority” will be the same for all PDU Sets (i.e. same as existing QoS Flow Priority) or it will be different for each PDU Set (i.e. same as “PDU Set importance”) is FFS.
5. Information from AF 
[bookmark: _Hlk110453169]	Baseline QoS parameters for each PDU Set within the QoS Flow:
[bookmark: _Hlk110453130]-	PDU Set handling indication (solution 8, 15, 25) (indicating if PDU Set based handling should be activated to a flow)
NOTE 42: This indication may be implicitly indicated via other PDU Set related information provided by the AF.
[bookmark: _Hlk110439475]-	Whether all PDUs are needed for the usage of PDU Set by application layerIndication of PDU set integrated handling (solution 22, 23, 25, 26, 49)
[bookmark: _Hlk110438049]Editor’s Note: Whether more detailed indicators are needed for different PDU Set QoS handling features (e.g. PDU Set integrated handling, QoS handling based on PDU Set importance, PDU Set dropping due to delivery failure of dependent PDU Sets) is FFS.
[bookmark: _Hlk110453260]-	PDU Set Delay Budget (solution 12, 25, 26)
[bookmark: _Hlk110453297]-	PDU Set Error Rate (solution 12, 25, 26)
	Baseline parameters on frame identification:
[bookmark: _Hlk110453317]-	Burst periodicity (solution 8, 12, 24, 26)

NOTE 35: The details of RAN behaviour is up to RAN WG.
[bookmark: _Hlk110438086]Editor’s Note: The PDU Set QoS handling for Uplink media services is FFS.
6. Handling PDU set with QoS flows
· One-to-one mapping for QoS flow and frame type/importance value (option 10, 17, 24, 26)
· One-to-many mapping for QoS flow and frame type/importance value (solution 11, 14)
7. PDU set handling capability
  -  PDU set handling capability at UPF (solution 57)
  -  PDU set handling capability at RAN node (solution xx)
8. PDU set dropping at UPF
-  PDU set dropping for PDU set integrated handling or PDU set differentiated handling (solution 19,22,23,49)
-  UPF informs the downstream node (either UPF or RAN node) to drop the PDU set (solution 49)
-  UPF to drop the packets of the PDU set if the lost packets within the PDU set are above the threshold (solution 23)
[bookmark: _Toc104799131]6.52.3	Procedures
[bookmark: _Toc104799132]6.52.3.1	PDU Set based QoS handling
[image: ]
Figure 6.52.3.1-1: High-level Procedure of PDU Set based QoS handling
The PDU Set based QoS control may happens during PDU Session establishment or modification procedures. The process includes the following steps:
1a.	Steps 1-7a of PDU Session Establishment procedure (defined in clause 4.3.2.2.1 of TS 23.502 [3) are performed. A network slice type for XR service can be used for such a PDU Session.
1b.	The AF may send the information described in above bullet#5 of clause 6.X.2 to PCF via Nnef_AFsessionWithQoS_Create request as defined in clause 4.15.6.6 of TS 23.502. AF may also provide these information to the 5GS prior to PDU Session Establishment.
2. 	The PCF generates appropriate PCC rules, which may include PDU Set related QoS parameters listed in bullet #4. The PCF sends the PCC rules to SMF.
NOTE 4: This step is done in step 7b in PDU Session Establishment procedure (defined in clause 4.3.2.2.1 of TS 23.502[3]) or Step 1b in PDU Session Modification procedure (defined in clause 4.3.3.2 of TS 23.502[3]).
	If this step is triggered by step 1b, the PCF generates the PCC rules considering the information provided by the AF.
3.	The SMF generates the QoS profiles and N4 rules based on the PCC rules from PCF. SMF sends the N4 rules to UPF and sends the QoS profiles to the RAN node via AMF. 
NOTE 5: This step is done via steps 8-15 in PDU Session Establishment procedure (defined in clause 4.3.2.2.1 of TS 23.502[3]) or steps 2-7 in PDU Session Modification procedure (defined in clause 4.3.3.2 of TS 23.502[3]).
[bookmark: _Hlk110438107]Editor’s Note: The extensions of N4 rule and QoS profile to support PDU Set related handling are FFS.
4. The leftover steps of PDU Session Establishment or Modification procedures are performed.
5.	Based on received N4 rules or locally configuration on the UPF, the UPF identifies the info in above bullet #1 via the methods described in bullet#2 of clause 6.X.2, and performs PDU Set based QoS handling according to N4 rule instruction. 
6.	UPF sends the PDU Set info to RAN according to above bullet #3. 
7.	Based on the PDU Set related info in GTP-U header, RAN performs PDU Set based QoS handling.
NOTE 6: The details of RAN behaviour is up to RAN WG.
[bookmark: _Toc104799133]6.52.4	Impacts on services, entities and interfaces
Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.

* * * * End of Change * * * *
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