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1. Introduction
In XR SID [1], following objectives on XR-awareness are included:
	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.


In RAN1#109e meeting, the above objectives are initially discussed. Some potential solutions are identified and discussed, with the below conclusions. It is expected that this objective should be discussed and determined in RAN2.
	Conclusion

It is common understanding that studying of RAN2 proposed techniques for XR-awareness information to improve XR capacity can be studied in RAN1 upon request from RAN2.


In RAN2#119e meeting, the above objective was initially discussed with below conclusions:
	· 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 will discuss on whether the XR awareness impacts traffic prioritization of XR traffic, e.g., whether there are impacts to LCP mechanism.
2. Discussion

2.1. Background
In RAN2#119e meeting, the capacity enhancement for XR has also been initially discussed, with below conclusions:

	· 1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).


It could be found that L2 operation including LCP would be impacted by XR awareness considering XR-specific capacity improvement. 
For UL scheduling, it is assumed that different QoS flows are mapped to different LCHs, which are configured with respective LCP parameters. According to the current MAC protocol, there are following relevant LCP parameters: priority, prioritisedBitRate(PBR) and bucketSizeDuration(BSD). For each LCH, the MAC entity maintains a parameter Bj, which is increased by PBR * T after each time unit T with the maximum allowed Bj value PBR * BSD and reduced by the value of bits that has been included into one MAC PDU. Upon MAC PDU construction, the buffered data of the LCH with a higher priority and positive Bj value will be included into MAC PDU until the transmission buffer of this LCH is empty or the Bj value of this LCH is reduced to zero. If there is still capacity available in the UL grant, the data of lower priority LCH can be further included in the MAC PDU.

For DL scheduling, it is up to gNB implementation, e.g., with similar mechanism as above. 
2.2. PDU prioritization

For XR service, according to SA2 discussion in TR [2], a new ‘PDU-Set’ concept was introduced for XR traffic, which is defined as below: 

‘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), which are of same importance at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing.’

With the definition of PDU Set, 

· PDU-Set level QoS parameters were introduced, including:

· PDU Delay Budget (PDB)
· PDU Set Delay Budget (PSDB)
· Whether all PDUs are needed for the usage of PDU Set by application layer
· Whether to drop a PDU Set in case PSDB is exceeded (FFS)
· PDU Set Priority (FFS)
· New information associated with PDU-Set were also introduced, including:

· PDU Set Sequence number (SN)
· Start/End PDU of the PDU Set
· PDU SN within a PDU Set
· Number of PDUs within a PDU Set
· PDU Set importance
· PDU Set dependency (FFS)
Additionally, application layer attributes specifically refer to burst periodicity, burst arrival time, jitter and etc.

The priority or importance above represents the QoS requirements for PDU(s)/PDU set(s), which would impact on the scheduling for the corresponding PDU(s)/PDU set(s).  
For example, different PDU sets corresponding to different frames/slices, i.e., I frame/slice and P/B frame/slice, may have different priorities/importance. I frame(s)/slice(s) have higher priority/importance than P/B frame(s)/slice(s) for the display or packet decoding at the destination side. Thus, it is reasonable to schedule PDU set(s) mapping to I frame(s)/slice(s) with higher priority/importance than PDU set(s) mapping to P/B frame(s)/slice(s). 
According to the model discussed in [3] and the on-going discussion in SA2, there may be two directions for QoS flow(s) model for XR specific service, i.e., multiple-flow and single-flow. 
In case of multiple-flow is agreeable in SA2/RAN2:
PDU sets from one QoS flow should have same priority/importance. Different PDU sets corresponding to different frames/slices with different priorities/importance may be mapped to different QoS flows, as well as different LCHs. In this way, individual PDU set with different priority/importance will be mapped to separate LCH. In order to achieve the target for traffic prioritization of XR traffic, existing LCP mechanism for UL scheduling could be reused by mapping different PDU set(s) with different priorities/ importance to different LCHs. 
Proposal 1: The existing LCP mechanism in MAC could be reused for PDU set(s) scheduling by mapping PDU set(s) with different priorities/importance to different LCH(s) in case PDU sets in one QoS flow having the same priority/importance are mapped to the same LCH.
In case single-flow is agreeable in SA2/RAN2:
In this case, frames/slices with different priorities/importance map to one QoS flow. Then, PDU sets corresponding to different frames/slices with different priorities/importance from the QoS flow will have different priorities/importance. All these PDU sets in this flow may be mapped to one LCH according to current mechanism. In this way, individual PDU set in the same LCH may have separate priority/importance, e.g., some PDU set(s) could have higher priority/importance than the others. 
Besides, even for the PDUs in a PDU set, they may have different priorities/importance according to the SA4 reply LS to SA2 in [4]. In addition, when FEC is applied for video encoding, one PDU set may comprise a number of PDUs mapping to source packets and a number of repair packets. If all the source packets belonging to a PDU set are transmitted successfully, the receiver could recover the part of picture corresponding to the PDU set. The repair packets can be helpful for the receiver to recover some of information carried by the lost source packets. In this case, the source packets can be of higher importance than repair packets. 

If the PDU(s)/PDU set(s) with higher priority/importance arrive later than other PDU(s)/PDU set(s), or if the PDU(s)/PDU set(s) with higher priority/importance arrival before other PDU(s)/PDU set(s) but the transmission of other PDU set(s) has been initiated, the PDU(s)/PDU set(s) with higher priority/importance may not get priority scheduling. In order to achieve the target for traffic prioritization of XR traffic, some enhancement on the scheduling could be considered, e.g., PDU(s)/PDU set(s) with higher priority/importance could be transmitted first even its arrival time is later or the transmission of other PDU set(s) has been initiated. 
Proposal 2: RAN2 to discuss scheduling enhancement  based on importance/priority of PDU(s)/PDU set(s) instead of first-in-first-out in case PDU(s)/PDU set(s) have different priority/importance are mapped to the same logical channel. 
Besides, the PDB/PSDB above represents the delay requirements of PDU(s) or PDU set(s), which means the corresponding PDU(s) or PDU set(s) should be transmitted within this delay budget. Otherwise, the PDU(s) or PDU set(s) may not be needed or useful for the display at destination side. These PDB/PSDB should be considered in the scheduling for the corresponding PDU(s)/PDU set(s). If the current LCP procedure is directly reused, there could be the following two cases for which the QoS guarantee of XR service may be restricted:

· Case 1: When PDU set A (or frame A) transmitted in the low priority LCH is not finished and the delay bound of PDU set A is to be almost hit, while PDU set B in a higher priority LCH arrives, the packets of PDU set B (or frame B) will be included in the MAC PDU first although the remaining PDB/PSDB of the packets in the PDU set B is still large while the PDB/PSDB of the packets in PDU set A is almost exhausted. If this happens, it may result in the packet discard of PDU set A without clear benefit for the early transmission of PDU set B. 

· Case 2: There could be a large burst of high priority LCH with long queuing delay due to no timely UL grant available, but when there are UL grants available, the Bj of this LCH is not large enough to deplete the transmission buffer of this LCH during MAC PDU construction though there is still capacity available. Then, the data of the LCH with a lower priority is further included in the MAC PDU. This may result in the case that the data of low priority LCH is transmitted ahead of the high priority LCH. This further implies that PDU set A transmitted in a low priority LCH, whose decoding in application layer depends on the PDU set B transmitted in a high priority LCH, could be transmitted ahead of PDU set B. 
Case 1 and Case 2 above could occur in UL transmissions and should be avoided. Certain LCP adaptation allowance considering the XR traffic characteristics (e.g. latency, dependency, importance, etc.) could help relieve the situation. 

Proposal 3: RAN2 to discuss scheduling enhancement, e.g., delay aware scheduling, based on delay information of PDU(s)/PDU set(s). 
For UL scheduling discussed above, the above XR traffic characterizes (e.g., priority, importance, delay information) should be provided from UE to gNB. For example, existing BSR could be considered to take such information. More details are discussed in [5]. 
Proposal 4: The XR traffic characteristics (e.g., priority, importance, delay information) could be provided from UE to gNB to aid XR-specific UL scheduling enhancement.
The similar consideration may be also applicable in DL scheduling though DL scheduling may be up to gNB implementation. For the enhancements towards DL scheduling, it is desirable that each packet transferred from the UPF to the RAN may carry PDU set related information shown above, so that the gNB, after getting aware of such information for each packet, can carry out smarter scheduling for the DL XR traffic transmission. Based on the above discussion, we propose RAN2 to consider the related RAN scheduling enhancements in relation to these parameters. 
Proposal 5: The XR traffic characteristics (e.g., priority, importance, delay information) could be provided from 5GC to gNB to aid XR-specific DL scheduling enhancement. 
It could be found that the above XR traffic characteristics, e.g., importance, priority, PDB/PSDB, could be beneficial for both UL scheduling and DL scheduling enhancements for XR service. Anyway, the XR characteristics highly depends on the discussion in SA2/SA4, e.g., whether /how the importance/priority between PDUs or PDU sets exists. Thus, the final decision should be confirmed with SA2/SA4. A corresponding LS should be sent to SA2/SA4 to confirm the above aspects. 
Proposal 6: RAN2 to send an LS to SA2/SA4 to confirm whether the above understanding is correct:

· Whether there is different priority/importance between intra-flow PDU sets or inter-flow PDU sets
· Whether there is different priority/importance between PDUs/PDU set(s) in one QoS flow in case single-flow is agreed
· Whether the CN could provide the importance/priority/delay information of PDU(s)/PDU set(s) to gNB
A draft LS to SA2/SA4 is provided in Annex A.
3. Conclusion

In this contribution, we discuss PDU prioritization for XR awareness from RAN2 perspective. Based on the discussion, we have the following proposals:
Proposal 1: The existing LCP mechanism in MAC could be reused for PDU set(s) scheduling by mapping PDU set(s) with different priorities/importance to different LCH(s) in case PDU sets in one QoS flow having the same priority/importance are mapped to the same LCH.
Proposal 2: RAN2 to discuss scheduling enhancement  based on importance/priority of PDU(s)/PDU set(s) instead of first-in-first-out in case PDU(s)/PDU set(s) have different priority/importance are mapped to the same logical channel. 
Proposal 3: RAN2 to discuss scheduling enhancement, e.g., delay aware scheduling, based on delay information of PDU(s)/PDU set(s). 

Proposal 4: The XR traffic characteristics (e.g., priority, importance, delay information) could be provided from UE to gNB to aid XR-specific UL scheduling enhancement.

Proposal 5: The XR traffic characteristics (e.g., priority, importance, delay information) could be provided from 5GC to gNB to aid XR-specific DL scheduling enhancement. 

Proposal 6: RAN2 to send an LS to SA2/SA4 to confirm whether the above understanding is correct:

· Whether there is different priority/importance between intra-flow PDU sets or inter-flow PDU sets

· Whether there is different priority/importance between PDUs/PDU set(s) in one QoS flow in case single-flow is agreed

· Whether the CN could provide the importance/priority/delay information of PDU(s)/PDU set(s) to gNB

A draft LS to SA2/SA4 is provided in Annex A.
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Annex A - Draft LS to SA2 on XR awareness
Title:
[Draft] LS to SA2 on XR awareness
Response to:
-
Release:
Rel-18
Work Item:
FS_NR_XR_enh
Source:
vivo [to be RAN2]
To:
SA2, SA4
Cc: 
RAN1
Contact Person:

Name:
              TBD
E-mail Address:
 TBD
1. Overall Description:

RAN2 had some discussion on XR awareness modeling and the information eneficial for the gNB to be aware of. 
According to RAN2 discussion, RAN2 achieved the following conclusions:
	For XR awareness: //To be updated according to the outputs of RAN2#119bis-e meeting.
The existing LCP mechanism in MAC could be reused for PDU set(s) scheduling by mapping PDU set(s) with different priorities/importance to different LCH(s) in case PDU sets in one QoS flow having the same priority/importance are mapped to the same LCH.

RAN2 to discuss scheduling enhancement  based on importance/priority of PDU(s)/PDU set(s) instead of first-in-first-out in case PDU(s)/PDU set(s) have different priority/importance are mapped to the same logical channel. RAN2 to discuss scheduling enhancement, e.g., delay aware scheduling, based on delay information of PDU(s)/PDU set(s). 

The XR traffic characteristics (e.g., priority, importance, delay information) could be provided from UE to gNB to aid XR-specific UL scheduling enhancement.

The XR traffic characteristics (e.g., priority, importance, delay information) could be provided from 5GC to gNB to aid XR-specific DL scheduling enhancement. 


Besides, RAN2 would like to check with SA2/SA4 on the below aspects: //To be updated according to the outputs of RAN2#119bis-e meeting.
-
Whether there is different priority/importance between intra-flow PDU sets or inter-flow PDU sets

-
Whether there is different priority/importance between PDUs/PDU set(s) in one QoS flow in case single-flow is agreed

-
Whether the CN could provide the importance/priority/delay information of PDU(s)/PDU set(s) to gNB
2. Actions:

To SA WG2 and SA WG4
RAN2 kindly request SA2/SA4 to take the above information into account during the following work, and provide feedback on the above questions, if any.

3. Date of Next RAN2 Meetings:

TSG RAN WG2 Meeting #120


14 Nov. – 18 Nov. 2022

Toulouse, FR
