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1 Introduction
In RAN #94e, a continuing SI on XR enhancements for NR in Rel-18 was approved with the following objectives [1] and some related possible enhancement schemes were proposed and evaluated in TR 38.838 [2]: 

	The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
Objectives on XR-awareness in RAN (RAN2):

· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.

· Study how the above information aids XR-specific traffic handling.

Objectives on XR-specific Power Saving (RAN1, RAN2):

· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:

· C-DRX enhancement.

· PDCCH monitoring enhancement.

Objectives on XR-specific capacity improvements (RAN1, RAN2):

· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:

· SPS and CG enhancements;

· Dynamic scheduling/grant enhancements.


And the following is captured in the latest RAN2#119 meeting [3]:
	· 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)




In this contribution, we provide some general views on QoS support with PDU Set granularity in RAN.
2 Discussion
According to what captured in TR 38.838[2], RAN1 has agreed a parameterized statistical traffic model for the evaluation of XR and CG. For a given XR or CG application, there can be multiple data streams with different traffic characteristics and QoS requirements in DL/UL. For XR service, there are PDUs of different importance levels in the same QoS flow. The first question is to evaluate whether the existing 5G QoS mechanism can well support different QoS requirements of XR since due to the encoding mechanism of video compression as there will be different importance of PDU(Sets) e.g. I/B/P frames, slices within an I/B/P frame, etc.

According to the SA2 progress on how to deliver PDU Set importance information to RAN, there are some candidate options: 
	Option 1: use different QoS Flows with different priority level. PDU Set importance is mapped to existing QoS flow priority.

Option 2: use one QoS flow for different PDU Set with different priority level
· Option 2.1: use different sub-QoS Flow within one QoS Flow, and using sub-QoS flow Identifier in GTP-U header

· Option 2.2: use PDU Set importance information in GTP-U header


Obviously, option1 keeps the advantage of reusing the current QoS model that the QoS flow is the finest level of QoS differentiation and is very straightforward. One main concern on option 1 was the potential packet dis-ordering caused by different QoS flows. If we consider that the intervals between frames are usually bigger than the PDB requirement then the possibility of disordering between sequent frames should be very low considering the big interval comparing to the PDB. Moreover, we noticed that TS 22.261[5] documents a synchronization threshold which is defined as the maximum tolerable temporal separation of the two flows which can assist RAN’s scheduling such that these flows belonging to the same XR application of single UE will be coordinated in delivery and ensured flow synchronization.

Table 6.43.1-1: Typical synchronization thresholds for immersive multi-modality VR applications [4]
	Media components
	synchronization threshold (note 1)

	audio-tactile
	audio delay:

50 ms
	tactile delay:

25 ms

	visual-tactile
	visual delay:

15 ms
	tactile delay:

50 ms

	NOTE 1:  for each media component, “delay” refers to the case where that media component is delayed compared to the other.


Observation 1: If different QoS Flows with different priority level is used then the current QoS model can be reused which has the least impacts on the RAN.
However, for option2 to use one single QoS flow for different PDU Set with different priority level (no matter whether sub-QoS flow is introduced or not), a QoS flow is no longer the finest level of QoS differentiation and handling of priorities need to be considered in RAN. Since PDU Sets with different priority level can be transferred via different QoS parameters, RAN need to consider how to support this by scheduling. In current NR network, SDAP layer maps QoS flows to DRBs based on the QFI, so PDU sets with different importance can be served via SDAP by mapping to different DRB. Thus the upper layers is expected to deal with the disorder which face the same problem as option1 with the additional updates to SDAP layer.
Observation 2: If PDU sets with different priority level is served via SDAP by mapping to different DRB, the upper layers is expected to deal with the re-ordering.

On the contrary, if PDU sets with different priority level is served via PDCP by mapping to different RLC entities associated with different logical channels, then PDCP will be in charge of the re-ordering as currently for split bearers. Since currently PDCP only submit the resulting PDCP Data PDU(s) to lower layer for PDCP duplication or split bears, we will need a new way of submit the resulting PDCP Data PDU(s) to lower layer by PDU Sets properties as show below. Thus differentiated QoS treatment of PDU Sets based on their properties and dependencies will be achieved by different RLC entities which can provide different treatment for PDU sets with different priority level. An example is a RLC entity will provide more reliability to critical/high-priority packets (e.g. use more retransmission times for I frames).
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Figure 1 Lay2 structure for QoS mapping for XR services
For downlink traffic flows where PDU Set detection/identification takes place in the UPF, it is assumed UPF marks the PDU Set related information on GTP-U extension header (e.g., PDU Set sequence number, PDU set start/end marker…) from which RAN can obtains it. The similar procedure should be also considered for UL where PDU Set detection/identification takes place in the upper layer and informs PDCP in UE.
Observation 3: If PDU sets with different priority level is served via PDCP by associating to different RLC entities, the re-ordering of PDCP layer can be reused.
Based on the analysis above, we can wait for more SA2 inputs on how SA2 provides the PDU Set importance information to RAN, e.g. via separating DL packets into different QoS flows, or via the single QoS flow but with importance information attached in the GTP-U header. But RAN can study in parallel RAN centric solutions.
Proposal 1
RAN2 waits for the SA2 progress on how to deliver PDU Set importance information to RAN and then continues RAN2 study of the differentiated PDU set handling accordingly.
Proposal 2: In order to enable differentiated PDU set handling within one QoS Flow at RAN, PDU sets with different importance can be served via PDCP by associating to different RLC entities.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Observation 1: If different QoS Flows with different priority level is used then the current QoS model can be reused which has the least impacts on the RAN.

Observation 2: If PDU sets with different priority level is served via SDAP by mapping to different DRB, the upper layers is expected to deal with the re-ordering.

Observation 3: If PDU sets with different priority level is served via PDCP by associating to different RLC entities, the re-ordering of PDCP layer can be reused.
Proposal 1
RAN2 waits for the SA2 progress on how to deliver PDU Set importance information to RAN and then continues RAN2 study of the differentiated PDU set handling accordingly.
Proposal 2: In order to enable differentiated PDU set handling within one QoS Flow at RAN, PDU sets with different importance can be served via PDCP by associating to different RLC entities.
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