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1 [bookmark: _mbds52amei0i]Introduction
In RAN2#119-bis-e, RAN2 made the following agreements on XR-awareness 

	On the PDU Sets and Data Bursts
Þ	1: From RAN2 viewpoint, the following information would be useful for PDU set handling in UL and DL:
Þ	Semi-static information (from CN to RAN): At least PSER and PSDB.
Þ	Dynamic information: At least identifying which PDU belongs to which data burst/PDU set is also needed, including means to determine at least PDU set boundaries.

Þ	Discuss whether to send LS on AS re-ordering once we discuss bearer handling.
Þ	Capture the models 1a/b, 2a/b [R2-2209777] in TR and indicate what is possible in current specifications and how. FFS how LCH options work in each case

Þ	1.  	SDAP maps each data packet in a PDU set to a single PDCP SDU, as in legacy (i.e. each PDU is only mapped to a single SDU).
Þ	3.  	HARQ and RLC re-/transmissions for XR traffic are done as in legacy (i.e. they are not based on XR PDU sets).

On the PDU Prioritization

No agreements made

On the PDU Discard
Þ	1. For UE transmitter, the PDCP discard should be performed per PDU set basis.
Þ	2. For UE transmitter, The PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.

Þ	[AL-FEC] wait for SA2/SA4 to clarify this. No need for LS at this point.



In this paper, we look into PDU Discard under the XR-awareness PDU Set QoS framework.
2 [bookmark: _6h8xbirw21qn]Discussion
2.1.1 [bookmark: _n90xhbjj359g]General PDU Discard
From 3GPP TR 23.700-60 V0.3.0, the definitions of PDU Sets and Data Burst are provided as follows:

	PDU Set: A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services, as used in TR 26.926). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts all or of the information unit, when some PDUs are missing.
 
Data Burst: A set of multiple PDUs generated and sent by the application in a short period of time.
 
NOTE: A Data Burst can be composed by one or multiple PDU Sets.




Due to introduction of PDU Set framework, the discussion of the discard behavior can be discussed in PDU and/or PDU Set.  The following captures some of the common reason leading to PDU/PDU Set Discard:

On the PDU level, similar to the discussion in R2-2209452,
· If a PDU misses the delay budget as specified in 5QI, it may be discarded due to the fact that it may no longer be needed by the application. 

Note that in this aspect, the discard criteria is similar to the legacy NR system, although RAN2 should further discuss if the mechanism can be enhanced to the highly periodic nature for some of the XR traffic and the new 5QIs defined. 

Proposal 1: 
For general PDU discard, the legacy discard policy based on the 5QI framework can be used as a baseline. FFS: new discardtimer entries for new 5QIs supporting XR traffic. 

2.1.2 [bookmark: _ckjh0oqs10ya]PDU Discard due to Missing PSDB

With the introduction of PDU Set framework,  the PDU Set discard can be related to PDU Set handling, with recent progress in SA2 captured in S2-2209938:

	The following PDU Set QoS parameters are defined to support PDU Set handling:
-  PDU Set Error Rate: The PSER defines an upper bound for the ratio between the number of PDU Sets not successfully received and the total number of PDU Sets sent towards a recipient measured over a measurement window.
-  PDU Set Delay Budget
Editor’s Note: The definitions of PSER and PSDB are FFS. For PSDB, it needs further study the impact due to N6 jitter.
-  Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication).
Editor’s Note: it is FFS “Whether a PDU Set is still valid in case PSDB is exceeded” is needed. It should be discussed together with the definition of PSDB, specially about the boundary of PSDB.
If PDU Set based QoS handling is used, PCF determines the above PDU Set QoS Parameters based on information provided by AF (described in 8.X.2) and/or local configuration. The PDU Set QoS parameters are sent to SMF as part of PCC rule, then SMF sends them to RAN.



As can be observed, the following reason can lead to PDU discard due to the defining of PDU Set framework:

· A PDU Set misses the PDU Set Delay Budget (PSDB). 

resulting the whole PDU not going to be used by the application 

Observation 1: 
 PDU Discard can be triggered due to PDU Set handling that thePDU Set misses the PSDB. 

In this case, the PDU discard due to PSDB should be per PDU Set basis. 

Proposal 2: 
Introduce a new PDCP PDU Set DiscardTimer based on PDU Set Delay Budget.  FFS on the exact mechanism.

2.1.3 [bookmark: _m22c8e38k15i]PDU Discard due to PDU Set Integrated Indication

Another reason can be due to PDU Set Integrated Indication whether all  PDUs are needed  for the usage of  PDU Set by application layer.  This can be due  to different codec implementations, e.g., 

· All of the PDUs are needed:  all the PDU belonging to the same PDU set may be discarded after the first loss of a PDU.
· Application layer - FEC (AL-FEC): all the PDU belonging to the same PDU set may be discarded if the condition of a non-decodable PDU Set is met.
· Good Until the first loss/Progress/scalable code:  all the PDUs arrive after the first loss in the same PDU Set may be discarded as they may no longer be needed by the application

Observation 2:  
PDU Discard may be triggered due to the loss of PDU(s) belonging to the same Prendered the PDU Set non-decodable.  

It  should be noted that similar discussion has happened in both RAN2 and SA2, leading to the agreement on defining PDU Set Integrated Indication.  In S2-22027887, SA2 tried to further clarify if the packet radio of FEC can be provided to 5GS.

	Q1: Packet ratio for FEC
SA2 discussed some candidate solutions proposing packet transmission based on the ratio of source symbol packets, i.e., K/N in the above example. SA2 would like to ask SA4 whether the above ratio is static for a specific XRM service, and whether application layer can provide such a ratio to 5GS.



In the LS response from SA4 in S2-2210181/S4aV220921,

	-    	Specifically on the question
o   Although some FEC codes allow for static redundancy ratio, the K/N ratio is not always static during a media delivery session. For example, Video usually relies on Flex-FEC configurations. In such a case, the application is expected to update the 5GS with any configuration change.



Proposal 3: 
· PDU may be discarded due to PDU Set Integrated Indication to save radio resources and power. FFS on the conditions such as FEC ratio on AL-FEC.

2.1.4 [bookmark: _jbsk7gszi21d]PDU Discard due to Congestion Control
In S2-2209938, the following conclusions regarding user plane enhancements for supporting PDU Set in downlink are captured as:
	The following PDU Set related information may be identified by UPF to support PDU Set based handling:
-  PDU Set Identifier
-  Optional, Start PDU and End PDU of the PDU Set
-  PDU SN within a PDU Set
-  Optional, Number of PDUs within a PDU Set
NOTE:  Either one among Start/End PDU of the PDU Set and Number of PDUs within a PDU Set needs to be supported.
-   PDU Set Importance
Editor’s Note: Which above PDU Set information parameters is optional is FFS.



It’s agreed in SA2 to provide the different PDU Set importance. As a result, PDU/PDU set may be dropped/discarded during congestion.
Observation 3:
It’s agreed in SA2 to provide the different PDU Set importance. As a result, PDU/PDU Set of less importance may be dropped/discarded during congestion.
However, SA2 has not yet decided on  the mapping of PDU Sets of different importance. Two options that have been discussed are:
· Option 1: PDU Sets with different importance levels are mapped to different QoS flows.
· Option 2: PDU Sets with different importance levels are mapped to the same QoS flows. 
SA2 so far have not reached any agreements yet. However, they would potentially have different implications to QoS flow to DRB mappings. 
Observation 4:
Different implications of PDU Sets to QoS flows mapping on DRB mapping due to different PDU Set to QoS flows mapping. 
In general, we consider option 2 provides better scalability with reduced UE complexity. 
Proposal 4: 
RAN2 to agree on the preference of PDU Sets with different importance levels are mapped to the same QoS flows.



3 [bookmark: _73xdj81fqn73]Conclusion
Observation 1: 
 PDU Discard can be triggered due to PDU Set handling that the PDU Set misses the PSDB. 

Observation 2:  
PDU Discard may be triggered due to the loss of PDU(s) belonging to the same Prendered the PDU Set non-decodable.  

Observation 3:
It’s agreed in SA2 to provide the different PDU Set importance. As a result, PDU/PDU Set of less importance may be dropped/discarded during congestion.
Observation 4:
Different implications of PDU Sets to QoS flows mapping on DRB mapping due to different PDU Set to QoS flows mapping. 

Proposal 1: 
For general PDU discard, the legacy discard policy based on the 5QI framework can be used as a baseline. FFS: new discardtimer entries for new 5QIs supporting XR traffic.

Proposal 2: 
Introduce a new PDCP PDU Set DiscardTimer based on PDU Set Delay Budget.  FFS on the exact mechanism.

Proposal 3: 
PDU may be discarded due to PDU Set Integrated Indication to save radio resources and power. FFS on the conditions such as FEC ratio on AL-FEC

Proposal 4: 
RAN2 to agree on the preference of PDU Sets with different importance levels are mapped to the same QoS flows.
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