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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will provide our considerations on PDU Set awareness in RAN2, for which the previous RAN2 meetings reached the following agreements.
· [bookmark: _Hlk114688221]RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.
· RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE
· RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4. 
· XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
· RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).
· RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this)
· 1: From RAN2 viewpoint, the following information would be useful for PDU set handling in UL and DL:
· Semi-static information (from CN to RAN): At least PSER and PSDB. 
· [bookmark: _Hlk117674283]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.
· Capture the models 1a/b, 2a/b in TR and indicate what is possible in current specifications and how. FFS how LCH options work in each case
· 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).
· 3.	HARQ and RLC re-/transmissions for XR traffic are done as in legacy (i.e. they are not based on XR PDU sets). 

Discussion
KI#4&5 are key issues in the SA2 XRM discussion with RAN2 impact. In the SA2#153-e meeting, SA2 concludes the following PDU Set information for downlink PDU Set handling. 
8.X.2.1 PDU Set Information
The following PDU Set related information may be identified by UPF to support PDU Set based handling:
-  PDU Set Identifier
NOTE:	Neighbor PDU Sets in sequence will use different PDU Set identifiers.
-  Optional, Start PDU and End PDU of the PDU Set
-  PDU SN within a PDU Set
-  Optional, PDU Set Size
NOTE:	Either PDU Set Size expressed in bytes or PDU Set Size expressed as number of PDUs, needs further determined.
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.
In our understanding, the information above highlighted in yellow is used to identify which PDU belongs to which data burst/PDU Set, and the information above highlighted in green is used to identify the PDU Set type of individual PDU Set.  
As also concluded by SA2, the above PDU Set information shall be delivered to the RAN node, i.e. the gNB can be aware of how to identify an individual PDU Set and what PDU Set type the PDU set belongs to. 
8.X.2.3 Delivering PDU Set Information to RAN
PDU Set Information (listed in 8.X.2.1) are informed by UPF to RAN via GTP-U header of user plane packet.
Editor’s Note: Whether PDU Set importance is used for mapping different QoS Flows, sub-QoS Flows, or included in GTP-U header is FFS. (Potential SoH)

Based on the above, we understand there is a requirement from SA2 on the integrated/differentiated PDU Set handling (Otherwise, there is no need to provide such PDU Set information to the AS layer). Accordingly, the gNB can use the PDU Set information obtained from SMF/UPF for the integrated/differentiated PDU Set handling.
Observation 1 [bookmark: _Toc118463678]For the downlink, RAN is required and can use the PDU Set information provided by SMF/UPF for the integrated/differentiated PDU Set handling.

As both directions (i.e. UL and DL) can serve media services and RAN2 agrees to apply PDU Set information in each direction, we assume that the UE AS layer also needs to know PDU Set information for the UL integrated/differentiated PDU Set handling. From the UE perspective, such UL PDU Set information can be delivered from the UE’s higher layer to the UE’s lower layer, thus, there is no need to specify the interaction between the UE’s internal layers, i.e. it can be UE implementation to identify which packets belonging to the same PDU set as well as what type the PDU Set is. On the other hand, if companies prefer to specify the detailed information used for the UL integrated/differentiated PDU Set handling, we think the PDU Set information for DL can be the candidate for UL, in order to identify the PDU Set-related information. Such PDU Set information for UL can be delivered to the UE AS from the UE NAS. For example, the UE AS can use PDU Set Identifier, PDU SN within a PDU Set and Start/End PDU of the PDU Set to detect which PDU associates with a specific PDU Set and thus treat all PDUs of this PDU Set as a whole. Another example is the UE AS can use the PDU Set Identifier and PDU Set size to find the boundary of each PDU Set. In addition, PDU Set importance can be used to identify different PDU Set types and then support the differentiated PDU Set handling. If there would be more information than what SA2 agrees, RAN2 is expected to have a justification for the necessity and may check with SA2 on the feasibility, if needed.
On whether to contain PDU Set information in each AS packet via the Uu interface, we understand there is no need to do so, since 
· RAN2 already agrees to reuse the legacy packet transmission mechanism, i.e., HARQ and RLC re-/transmissions for XR traffic are done as in legacy (i.e. they are not based on XR PDU sets).
· Even if such PDU Set information is contained in each AS packet, this information is too late for the gNB because the grant allocation for one packet is earlier than the time that the PDU Set information of this packet obtains. 
[bookmark: _Toc118463821]For the uplink, the UE AS layer should be aware of PDU Set information to identify which PDU belongs to which data burst/PDU Set and distinguish different PDU Sets for the differentiated QoS handling.
[bookmark: _Toc118463822]For the uplink, it depends on the UE implementation on how to identify which PDU belongs to which data burst/PDU Set as well as the importance of each PDU Set. 
[bookmark: _Toc118463823]For the uplink, no need to contain PDU Set information in each AS packet of one PDU Set via the Uu interface.
According to the agreements achieved in RAN2#119bis-e meeting, the following four alternatives are captured in TR 38.835 to reflect the RAN2’s assumption on the mapping of PDU Sets to QoS flows to DRBs.
[image: ]
Figure 1: Mapping Alternatives in TR 38. 835
In the current 5G framework, one DRB normally associates with one RLC entity. All packets using the same RLC entity are treated in a similar way and with the same QoS requirement. Typically, we understand that the gNB can be aware of enabling the UL/DL differentiated PDU Set handling by the indication from the core network (e.g. SMF). Once such information is obtained, the gNB can determine a way for individual handling of different PDU Sets. For Alternative 111 and Alternative N1N, the gNB can configure individual RLC parameters for different RLC entities when PDU Set 1 and PDU Set 2 are delivered via DRB1 and DRB2 respectively. It implies that individual packet handling is naturally supported if the packets are mapped with different DRBs/RLC entities. While Alternative NN1 and Alternative N11 cannot support the differentiated PDU Set handling unless enhancement is introduced, including e.g. the PDU Set-level handling in MAC for a specific LCH, or, mapping DRB A with multiple RLC entities. In our view, the latter one is preferred since it can avoid much spec impact in the MAC layer and then reduce the UE complexity. With this in mind, no matter which alternative it is, we prefer that the AS layer implements the differentiated PDU Set handling by mapping different PDU Sets with separate RLC entities.


Figure 2: Mapping Alternatives with LCH option
Another issue is how many RLC entities requires herein, i.e. for one XR service, the number of RLC entities required to serve different PDU Sets should be 2 or more. To us, the answer has a tight coupling with the exact definition of PDU Set information (e.g. the value of PDU Set importance is enumerated or Boolean, or how many sub-QoS flows are involved), thus it also depends on the SA2’s final decision. 
Observation 2 [bookmark: _Toc118463679]In legacy, different RLC entities can support separate treatments for packets of one UE.
[bookmark: _Toc118463824]RAN2 assumes the differentiated PDU Set handling to be operated above the MAC layer.
[bookmark: _Toc118463825]RAN2 assumes that the gNB can be aware of whether to enable the differentiated PDU Set handling by the information from the core network and the UE/RAN can serve different PDU Sets by using different RLC entities.  FFS on the number of the associated RLC entities.

For each alternative achieved, the table below is used to elaborate our understanding of the differentiated PDU Set handling.
	
	How to support the differentiated PDU Set handling
	Pros
	Cons

	Alternative 111
	one DRB – one LCH
	Less AS impact, i.e. reuse the current 5G framework
	Much NAS impact, i.e. whether/how to split the same SDF to multiple QoS flows and provide Burst periodicity of multiple QoS flows to RAN
Suit for out-of-order delivery

	Alternative NN1
	one DRB – multiple LCHs
	· 
	Much impact on both AS and NAS layers. 
(NAS impact as Alternative 111 + AS impact as Alternative N11) 

	Alternative N11
	one DRB – multiple LCHs
	Less NAS impact, i.e. no need to split the same SDF.
Support in-order delivery
	Visible AS impact, e.g. how to split different PDU Sets of DRB A to different LCHs
 (May use the split architecture with some enhancement).

	Alternative N1N
	one DRB – one LCH
	Less NAS impact, i.e. no need to split the same SDF.
Keep the AS impact above the PDCP layer. 
	Visible AS impact, e.g. how to split different PDU Sets of QoS flow A to different DRBs. (Break one-to-one mapping restriction of QoS flow and DRB)
Suit for out-of-order delivery



In summary, 
· From the AS point of view, Alternative 111 is the simplest architecture. However, whether Alternative 111 is applicable also depends on the SA2’s discussion on how to resolve the SDF split issue and provide burst information.
· Alternative NN1 is not preferred since it requires a non-negligible impact on both AS and NAS layers.
· Alternative N11 has a visible AS impact, e.g. how to split different PDU Sets of DRB A to different LCHs. This impact may be reflected in the SDAP/PDCP layer and RAN2 may also discuss the signalling design and the interaction between the UE’s layers. 
· Alternative N1N has a visible AS impact, e.g. how to split different PDU Sets of QoS flow A to different DRBs. This impact may be reflected in the SDAP layer and RAN2 may also discuss the signalling design. 
On the in-order delivery, we understand that in-order delivery is not always required by SA2, since
· PDU Set Identifier is used instead of PDU Set SN, which means that the AS layer does not exactly know the sequence of multiple PDU Sets, especially when out-of-delivery exists between AF and RAN. 
· Alternative 111 is a candidate in the SA2 discussion. For this one, SA2 does not explicitly require the reordering between the correlated QoS flows.
Thus, we would like to propose the following.
[bookmark: _Toc118463826]RAN2 waits for further SA2 progress before concluding on Alternative 111.
[bookmark: _Toc118463827]RAN2 concludes a further study on Alternative N11 (in the case that in-order delivery is required) and Alternative N1N (in the case that in-order delivery is not required).

[bookmark: _Toc47558120][bookmark: _Toc47562683][bookmark: _Toc47600085]
[bookmark: _Toc109213964]Conclusion
We have the following observations:
Observation 1	For the downlink, RAN is required and can use the PDU Set information provided by SMF/UPF for the integrated/differentiated PDU Set handling.
Observation 2	In legacy, different RLC entities can support separate treatments for packets of one UE.

We have the following proposals:
Proposal 1	For the uplink, the UE AS layer should be aware of PDU Set information to identify which PDU belongs to which data burst/PDU Set and distinguish different PDU Sets for the differentiated QoS handling.
Proposal 2	For the uplink, it depends on the UE implementation on how to identify which PDU belongs to which data burst/PDU Set as well as the importance of each PDU Set.
Proposal 3	For the uplink, no need to contain PDU Set information in each AS packet of one PDU Set via the Uu interface.
Proposal 4	RAN2 assumes the differentiated PDU Set handling to be operated above the MAC layer.
Proposal 5	RAN2 assumes that the gNB can be aware of whether to enable the differentiated PDU Set handling by the information from the core network and the UE/RAN can serve different PDU Sets by using different RLC entities.  FFS on the number of the associated RLC entities.
Proposal 6	RAN2 waits for further SA2 progress before concluding on Alternative 111.
Proposal 7	RAN2 concludes a further study on Alternative N11 (in the case that in-order delivery is required) and Alternative N1N (in the case that in-order delivery is not required).

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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