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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will provide our considerations on PDU Set awareness in RAN2, for which RAN2#119-e 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)
 
Discussion
In RAN2#119-e, RAN2 concludes to support XR service by using PDU Set-based parameters and PDU Set-related information. According to the latest SA2 TR [2], SA2 has identified the candidates for PDU set-related information for DL and Solution#52 shows an example. 
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SA2 has also indicated its preference for PDU set handling, i.e. SA2 focuses on the downlink direction. 
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Based on the above, RAN2 can follow SA2’s preference and wait for further progress on DL. 
[bookmark: _Toc115429692]For DL, RAN2 waits for SA2 progress on what PDU Set-related information is and the way the gNB knows the information.
[bookmark: _Toc115277436]As both directions (i.e. UL and DL) can serve media services and RAN2 agrees to use PDU Set-related information for each direction, we assume that the UL and DL have similar PDU Set-related information. In other words, the PDU Set-related information for DL can be the candidates for UL, which can include PDU Set SN, End PDU of the PDU Set, the number of PDUs in a PDU Set, etc. For example, the UE can use PDU Set SN to detect if a PDU is associated with a specific PDU Set and thus treat all PDUs of one PDU Set as a whole. Also, the UE can use End PDU of the PDU Set and the number of PDUs in a PDU Set to find the boundary of the PDU set, which is also useful for the UE to know if it is the time for protective handling. But, again, we prefer RAN2 to wait for the SA2 progress on what the PDU Set-related information is and use the ones determined by SA2 as a baseline for UL transmission. If there would be more information other than what SA2 agrees, RAN2 is expected of a justification and may check with SA2 on the feasibility, if needed. 
[bookmark: _Toc115277437][bookmark: _Toc115429693] For UL, PDU Set-related information for DL can be used as a baseline.
KI#4&5 requires the 5G system to support differentiated QoS handling for different PDU Sets [2]. Based on the SA2 discussion, several solutions are proposed to reflect the difference/type among multiple PDU Sets. In one implementation, priority identification is used to reflect the difference between PDU Sets if the PDU Sets are routed to different QoS flows. In another implementation, PDU Set importance or sub-QoS flow identification is used to reflect the difference between PDU Sets if the PDU Sets are routed to a single QoS flow. No matter what the case is, such identification or information should be known by the entity which has responsibility for differentiated PDU Set handling. Usually, such an entity should be the transmitter from the RAN’s perspective. Thus, the gNB should be aware of such identification in downlink transmission and the UE should be aware of such identification in uplink transmission.
Observation 1 [bookmark: _Toc115277442][bookmark: _Toc115429689]Several solutions are proposed in SA2 to reflect the difference among multiple PDU Sets and then support differentiated PDU Set handling. The identification or information to reflect the difference among PDU Sets would be PDU Set importance, PDU Set Priority, or sub-QoS flow. Such identification or information should be known by the AS layer to distinguish different PDU Sets for differentiated QoS handling.
Once the AS layer obtains such identification or information mentioned above, the AS layer can easily distinguish the PDU Sets received. One follow-up issue is how to have individual treatments for different PDU Sets. 
In legacy, one DRB can link with one or more RLC entities and different RLC entities can have different configurations, e.g. priority, LCH mapping restrictions, etc. This fact is much aligned with what the differentiated PDU Set handling requires. In other words, the AS layer can implement differentiated PDU Set handling by mapping different PDU Sets with separate RLC entities. Another issue is the number of the RLC entities required, 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 details of the above identification (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 final decision. 
Observation 2 [bookmark: _Toc115277443][bookmark: _Toc115429690]In legacy, different RLC entities can support separate treatments for packets of one UE.
[bookmark: _Toc115277438][bookmark: _Toc115429694]RAN2 assumes to serve different PDU Sets by using different RLC entities.  FFS on the number of the associated RLC entities.
The SA2 discussion includes mapping different DL PDU Sets into one or more QoS flows. Considering the uplink would also serve the PDU Set-aware service, RAN2 can take candidates supposed for DL as a starting point for UL on this mapping relationship. In other words, different UL PDU Sets could be mapped into one or multiple QoS flows.
Observation 3 [bookmark: _Toc115277444][bookmark: _Toc115277445][bookmark: _Toc115429691]SA2 discusses the mapping relationship between PDU Set and QoS flow, which includes mapping different PDU Sets into one or multiple QoS flows.
[bookmark: _Toc115277439][bookmark: _Toc115429695]As a starting point, RAN2 assumes different PDU Sets in UL would be mapped into one or multiple QoS flows.
[bookmark: _Toc115206756][bookmark: _Toc115259305][bookmark: _Toc115206753][bookmark: _Toc115259351][image: ]
Assuming Proposal 4 is agreed, the following can elaborate our considerations on the usage of DRB.
· Case1: Different PDU Sets map into different QoS flows.
· Following the current 5G framework, different DRB/RLCs can have different configurations and thus each QoS flow would have individual handling if such QoS flows link with separate DRBs. Obviously, this architecture requires more than one DRB for differentiated PDU Set handling. 


Figure 1 Example of different PDU Sets mapping into different QoS flows
· Case2: Different PDU Sets map into a QoS flow.
· Following the current 5G framework, different PDU Sets of one QoS flow may fail to have differentiated handling, as the basic principle is that each packet of a QoS flow would be treated with the same QoS requirements. 
· To fulfil the XR requirement, i.e. differentiated PDU Set handling, we suggest either of the following.
· Solution1(Figure 3-Left): A QoS flow <-> A DRB/PDCP.
This solution intends to use the split architecture with enhancement. If that is the case, although different PDU Sets link with only one DRB, they can be routed to different RLC entities. If the associated RLC entities can have individual parameters, the differentiated PDU Set handling can be supported accordingly. Obviously, this solution requires only one DRB. 
· Solution2(Figure 3-Right): A QoS flow <-> More than one DRB/PDCP.
This solution requires different PDU Sets to route to different DRBs/PDCP entities and then the differentiated handling can be supported by the individual DRB/PDCP entity. Obviously, this solution requires more than one DRB. 



Figure 2 Example of different PDU Sets mapping into one QoS flow
As analysed above, there is a tight correlation between the number of DRBs and the mapping relationship between PDU Set and QoS flow. Thus, we propose the below.
[bookmark: _Toc115429696]RAN2 determines the number of DRBs used for differentiated PDU Set handling after the conclusion on the mapping of PDU Set and QoS flow achieves.
[bookmark: _Toc47558120][bookmark: _Toc47562683][bookmark: _Toc47600085]
[bookmark: _Toc109213964]Conclusion
We have the following observations:
Observation 1	Several solutions are proposed in SA2 to reflect the difference among multiple PDU Sets and then support differentiated PDU Set handling. The identification or information to reflect the difference among PDU Sets would be PDU Set importance, PDU Set Priority, or sub-QoS flow. Such identification or information should be known by the AS layer to distinguish different PDU Sets for differentiated QoS handling.
Observation 2	In legacy, different RLC entities can support separate treatments for packets of one UE.
Observation 3	SA2 discusses the mapping relationship between PDU Set and QoS flow, which includes mapping different PDU Sets into one or multiple QoS flows.

We have the following proposals:
Proposal 1	For DL, RAN2 waits for SA2 progress on what PDU Set-related information is and the way the gNB knows the information.
Proposal 2	For UL, PDU Set-related information for DL can be used as a baseline.
Proposal 3	RAN2 assumes to serve different PDU Sets by using different RLC entities.  FFS on the number of the associated RLC entities.
Proposal 4	As a starting point, RAN2 assumes different PDU Sets in UL would be mapped into one or multiple QoS flows.
Proposal 5	RAN2 determines the number of DRBs used for differentiated PDU Set handling after the conclusion on the mapping of PDU Set and QoS flow achieves.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] RP-220285  New SID “Study on XR Enhancements for NR”
[2] 3GPP TR 23.700-60 Study on XR (Extended Reality) and media services
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* Support for uplink PDU Set handling

*  Keep open and wait for RAN WG progress?[CC minutes - focus on DL PDU set handling in SA2 #152. possible a LS to RAN ]
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=6.52.2.3 PDU Set information provided by the UPF to the RAN.
UPF provides the above PDU Set related information (listed in bullet #1 in clause 6.51.2.1) 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).
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Option 3: UPF adds PDU Set importance into GTP-U header (solution 7, 11, 14, 15,17, 18, 19,
56).«

For other PDU Set related info (listed in bullet #1): «

UPF adds them into GTP-U Header (solution 7, 11, 14, 15, 19, 22, 23, 53, 54, 56).«
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=6.52.2.1 PDU set information detected by the UPF .

UPF identifies the PDUs belong to a PDU Set and the following information for each PDU Set:

. NOTE:

Editor"

Tnfo 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, 23, 50, 53, 55, 56).
- Start/End PDU of the PDU Set (solution 11, 12, 15, 18, 21, 22, 55, 56). «

- PDU SN within a PDU Set (solution 11, 20, 22, 55, 56). «

- Number of PDUs within a PDU Set (solution 9, 20, 50) and/or PDU Set size in bytes. »

It is possible that “Start PDU” can be implicitly indicated via the PDU SN. This is left to stage 3 to
decide. «

s note: Among above parameters, which one is mandatory or optional need further discussion. «

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: «

Par:

PDU Set importance (solution 7, 11, 14, 15, 18, 19, 22, 24) «
ameters for further study: »

PDU Set dependency (solution 11, 14, 19, 22, 24) «
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=6.52.2.3 PDU Set information provided by the UPF to the RAN.
UPF provides the above PDU Set related information (listed in bullet #1 in clause 6.51.2.1) 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, 25,
56).

For other PDU Set related info (listed in bullet #1): «

UPF adds them into GTP-U Header (solution 7, 11, 14, 15, 19, 22, 23, 53, 54, 56).«




