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Introduction
During the RAN#94-e meeting, the new SID has been approved [1]. The objectives of the SID on the capacity issue include the following:
	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.


During the RAN1#109-e meeting [2], the following agreements about the issues that need to be further studied on SPS/CG/dynamic scheduling/grant have been achieved.
	Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based SPS/CG transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to multiple PDSCHs SPS transmission occasions in a period
· Study enhancements related to multiple PUSCHs CG transmission occasions in a period
· Study enhancements related to dynamic adaptation of SPS/CG parameters/configurations
· Study enhancements related to non-integer periodicity for SPS/CG transmissions.
· Note: Other studies are not precluded, as well as the combination of the above studies.
Follow the common principle for assessment of the candidate capacity enhancement technique.
Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based dynamic scheduling/grant transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to extending capability of single DCI scheduling multi-PDSCHs/PUSCHs for FR2-2 to FR1/FR2.
· Note: whether and how to discuss enhancements may depend on the outcome of Rel-17 B52.6G UE feature discussion
· Study enhancements related to HARQ-ACK and/or CBG transmissions for single DCI scheduling one or multi PDSCH(s).
· Study enhancements related to allowing different configurations per PDSCH/PUSCH
· Study enhancement related to scheduling request and/or BSR with the focus on L1 enhancements.
· Note: Other studies are not precluded as well as the combination of the above studies.
Follow the common principle for assessment of the candidate capacity enhancement technique.


In this contribution, we first analyze the impacts of main XR service characteristics on capacity for different XR services, and for different directions. Then, we provide our views on the priorities for XR-specific capacity enhancements. 
Discussion
Analysis of traffic characteristics for XR
In 3GPP TR 38.838 [3], the DL and UL traffic models for VR, Cloud gaming, and AR applications are provided. For each XR service, the baseline values of data rate, periodicity, PDB, reliability as well as jitter are specified for evaluation, as summarized in the following table. 
                             Table 1: Traffic models for DL and UL XR applications
	Category
	Direction
	Data Rate
(Mbps)
	Periodicity
(ms)
	PDB
(ms)
	Reliability
	Jitter
(ms)

	VR
	UL
	a 100-byte packet once
	4
	10
	99%
	No jitter

	
	DL
	30
	16.67
	10
	99%
	[-4,4]

	Cloud Gaming
	UL
	a 100-byte packet once
	4
	10
	99%
	No jitter

	
	DL
	30
	16.67
	15
	99%
	[-4,4]

	AR
	UL
	10
	16.67
	30
	99%
	[-4,4]

	
	DL
	30
	16.67
	10
	99%
	[-4,4]


From Table 1, we can observe that the periodicity of XR traffic depends on the specific application. It can be observed that there are two types of traffic within XR service:
· Type 1-UL VR/Cloud gaming traffic: Same traffic model with UL pose/control traffic, fixed periodicity with no jitter, fixed packet size, relaxed PDB (e.g., larger than periodicity)
· Type 2-DL XR/UL AR traffic: Traffic with jitter, non-integer periodicity, frame size fluctuation
For UL VR/Cloud gaming traffic, we can observe from Table 1 that it has a fixed periodicity (e.g., 4ms) with no jitter, and a fixed small packet size. It seems existing schemes designed for CG in IIoT are sufficient for the packet transmission of UL VR/Cloud gaming traffic, and there are no additional critical issues.
Observation 1: For Type 1-UL VR/Cloud Gaming traffic, CG is suitable for the packet transmission, and existing schemes designed for Rel-16 IIoT can be reused. No enhancement is needed for R18 XR.
Observation 2: For Type 2-DL XR/UL AR traffic, enhancements on SPS/CG and dynamic scheduling/grant should be considered.
Enhancement for DL XR and UL AR traffic
2.2.1	DL XR traffic
There are many XR use cases where the traffic has non-integer periodicity, e.g., 16.67ms periodicity for 60 fps DL XR video. Similar non-integer periodicity issue was discussed in Rel-16 IIoT topic and it was finally decided that multiple SPS configurations with finer granularity can be used to resolve the issue, with small specifications changes. Specifically, multiple SPS configurations can be configured with the same periodicity but with different time offsets in a way allowing to match the periodicity of the traffic. However, the Rel-16 IIoT solution has not considered the jitter and burst size fluctuation problems that Rel-18 XR is facing today. If we directly borrow the Rel-16 IIoT solution into Rel-18 XR, configured resources waste is inevitable then. Dynamic scheduling/grant seems more suitable for DL XR, since SPS is quite inflexible to handle random jitter and various frame size. Therefore, we believe RAN2 should deprioritize the discussions on SPS enhancements. However, we note that RAN1 is discussing SPS enhancements for XR already and at some stage RAN2 might need to get involved in this work, but that depends on further RAN1 progress. 
Proposal 1: For DL XR traffic, dynamic scheduling/grant is most suitable for the packet transmission and RAN2 should deprioritize work on SPS enhancements for XR. Further enhancements on SPS for DL XR traffic can depend on RAN1’s discussion and progress (which may require RAN2 involvement at a later stage). 
2.2.2	UL AR traffic
As can be seen from Table 1, UL AR traffic has quite similar traffic characteristics to those of DL XR traffic. The data volume of each burst depends on the encoding scheme adopted by the server and the corresponding PDU set type. For example, when the GOP-based encoding scheme is adopted, 'I' frame usually has a larger data volume than 'P' frame. In addition, we can observe from Table 1 that UL AR traffic has a larger PDB than its periodicity. Therefore, similarly as in the DL XR traffic case, also for UL AR traffic, dynamic scheduling/grant will give the network most flexibility to adapt the resources volume to the fluctuating data size.
Observation 3: For UL AR traffic, the burst size fluctuates among different PDU sets, and the PDB is larger than the periodicity.
However, RAN2 may still need to consider some enhancements to allow for more optimized scheduling for XR traffic in UL, UL AR in particular. In the legacy BSR mechanism, new data arrival may trigger regular BSR to inform the gNB of the data arrival. However, when a new PDU set (as defined in TR 23.700 [4]) arrives, previous PDU sets may be still buffered in the LCH and regular BSR cannot be triggered in such case. Furthermore, RAN node may not know how much time is left for it to finish the scheduling of a certain PDU set as it has no knowledge about the exact time when the traffic arrived at the UE. Hence, the legacy BSR scheme and the information reported by the legacy BSR MAC CE may not be sufficient for XR traffic scheduling. Reporting PDU set level buffer status information for UL XR traffic, e.g., the burst size and remaining PSDB of a PDU set, if possible, can help scheduler make more efficient scheduling decisions to further improve the capacity.
Proposal 2: RAN2 to study PDU set/data burst level buffer status information report for UL dynamic scheduling/grant enhancements, e.g., the burst size and remaining PSDB of a PDU set.
Even though dynamic scheduling/grant is well-suited for handling UL AR traffic, utilizing CG makes sense in this case as well, even though it is less flexible than dynamic scheduling/grant. Without CG, when traffic arrives, the UE can only trigger BSR and then SR to request uplink PUSCH resources. Such procedure would introduce some latency for the UE to transmit data in the uplink and CG can be utilized to avoid this. 
Observation 4: CG can be useful for handling UL AR traffic.
However, similarly as in the case of SPS, we note that RAN1 is already discussing CG enhancements for XR. Since RAN1 is more advanced with the discussions on CG enhancements for XR, we think RAN2 can wait for some preliminary conclusions from RAN1 before analyzing this topic further. 
Proposal 3: RAN2 to wait for RAN1’s progress on CG enhancements for UL AR traffic in August meeting.
Conclusion
In this contribution, we first summarize the main XR service characteristics of different XR services and analyze their impacts on the capacity.
Table 2: Recommended scheduling methods and issues need to be further studied
	Category
	Direction
	Enhancements on
CG/SPS
	Enhancements on dynamic scheduling/grant
	Recommended Scheduling Method

	VR
	UL
	None
	None
	CG

	
	DL
	depend on RAN1’s discussion and progress
	None
	dynamic scheduling/grant

	Cloud Gaming
	UL
	None
	None
	CG

	
	DL
	depend on RAN1’s discussion and progress
	None
	dynamic scheduling/grant

	AR
	UL
	depend on RAN1’s discussion and progress
	Further study PDU set/data burst level buffer status information report for UL dynamic scheduling/grant enhancements, e.g., the burst size and remaining PSDB of a PDU set 
	CG/dynamic scheduling/grant

	
	DL
	depend on RAN1’s discussion and progress
	None
	dynamic scheduling/grant


For ease of understanding, we further summarize our views in the Proposals 1-3 on the recommended scheduling method for each XR service and the issues need to be further studied in Table 2. 
Then, we provide our views on the study priorities for XR-specific capacity enhancements. Based on our analysis and discussion, we have the following observations and proposals:
Observation 1: For Type 1-UL VR/Cloud Gaming traffic, CG is suitable for the packet transmission, and existing schemes designed for Rel-16 IIoT can be reused. No enhancement is needed for R18 XR.
Observation 2: For Type 2-DL XR/UL AR traffic, enhancements on SPS/CG and dynamic scheduling/grant should be considered.
Observation 3: For UL AR traffic, the burst size fluctuates among different PDU sets, and the PDB is larger than the periodicity.
Observation 4: CG can be useful for handling UL AR traffic.
Proposal 1: For DL XR traffic, dynamic scheduling/grant is most suitable for the packet transmission and RAN2 should deprioritize work on SPS enhancements for XR. Further enhancements on SPS for DL XR traffic can depend on RAN1’s discussion and progress (which may require RAN2 involvement at a later stage).  
Proposal 2: RAN2 to study PDU set/data burst level buffer status information report for UL dynamic scheduling/grant enhancements, e.g., the burst size and remaining PSDB of a PDU set.
Proposal 3: RAN2 to wait for RAN1’s progress on CG enhancements for UL AR traffic in August meeting.
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