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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will provide our considerations on scheduling enhancement, for which the previous RAN2 meetings reached the following agreements
· 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).
· 1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed. 
· RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.
· 1: Current CG configurations can be reused for UL XR traffic. FFS if enhancements are needed (RAN1 is already discussing something). RAN2 can discuss this in the next meeting.
· 2: RAN2 can discuss potential enhancement to provide some assistant information on UL XR traffic for CG configurations at the gNB. FFS whether TSCAI can already provide all necessary information.

Discussion
In Rel-16 URLLC, TSCAI is introduced to describe TSC traffic characteristics. The TSCAI is provided to the RAN from SMF per QoS flow, which contains the flow direction, periodicity and burst arrival time. Knowing the TSC traffic characteristics is useful for RAN on more efficient scheduling for the QoS flows that have periodic and deterministic traffic characteristics.  
Table 1: TSC Assistance Information (TSCAI) in TS 23.501
	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two data bursts.

	Burst Arrival Time (optional)
	The latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or the egress of the UE (uplink flow direction).

	Survival Time (optional)
	Survival Time, as defined in TS 22.261 [2], refers to the time period an application can survive without any data burst.




Similar to TSC, XR is also periodic traffic with latency requirements. To guarantee efficient scheduling for the XR service, we prefer the gNB to obtain XR characteristics from the SMF by using a TSCAI-like method. Such XR characteristics can contain direction, burst periodicity and burst arrival time.
Observation 1 [bookmark: _Toc118466564]TSCAI is designed to provide the gNB with the TSC characteristics which contain direction, periodicity and burst arrival time.
[bookmark: _Toc118466555]RAN2 assumes to use TSCAI-like method to inform the gNB with the XR characteristics which contain direction, burst periodicity and burst arrival time.

For TSC, although the burst size is not explicitly indicated in TSCAI, the gNB sometimes can use MDBV to represent the TSC burst size and then the gNB knows the TSC burst size accordingly. For the XR service, this situation seems changed since that SA2 does not discuss providing the maximum/minimum burst size to the gNB and SA4 indicates in their reply LS[3] that the gNB can not be aware of each data burst size via the information from the core network even for downlink. In our view, if SA2/SA4 finally agrees on the feasibility of the burst size information provision for XR service to the gNB, the gNB can benefit from such information on efficient uplink grant scheduling, otherwise, we prefer the UE to report the burst size information to assist the CG allocation.
[bookmark: _Toc118466556]RAN2 considers the UE to report the maximum or minimum burst size information to the gNB if such information can not be obtained by the gNB from the SMF.
[bookmark: _Toc118466557]A LS to SA2 to confirm the feasibility of the maximum or minimum burst size information provision to the gNB from the core network for the XR service.

If the CG(s) size allocated is larger than a specific XR packet size, resource waste exists obviously, since not all PUSCH occasions allocated are actually used in this XR period. Resource usage adaptation can be considered herein to improve the system capacity. In the RAN1#110bis meeting, a potential direction is assumed to resolve this issue. To avoid the parallel discussion in RAN1 and RAN2, we prefer RAN2 to wait for RAN1’s further decision.
Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 

[bookmark: _Toc118466558]RAN2 waits for RAN1’s progress on resource usage adaptation for the system capacity improvement.

According to the RAN1’s assumption in TR 38.838, one characteristic of the agreed XR traffic model is large and various packet size. Take AR/VR 10Mbps as an example, the mean packet size is 20833 bytes if the packet arrival interval is 16.67ms. As simulated, it needs more than one slot to transmit all the data of one XR packet. Thus, we would like RAN2 to consider multiple PUSCH transmission occasions for one XR packet and prefer Alt1 since Alt2 consumes more CG index but only 12 CGs can be activated together till now.
· Alt1: Allocate multiple PUSCH transmission occasions in each CG period of the CG configuration. Each occasion carries individual data associated with one XR packet. 
· Alt2: Configure multiple CG configurations which are used together for one XR service. In each CG configuration, each CG period has one PUSCH transmission occasion.
[bookmark: _Toc118466559]RAN2 considers to allocate multiple PUSCH transmission occasions in each CG period of a CG configuration. Each occasion carries individual data associated with one XR packet. 
If RAN2 agrees that each CG period includes multiple PUSCH transmission occasions, another issue to be decided is how to calculate the HARQ process ID for each CG occasion assuming different occasions in one period support different data transmissions. 
[bookmark: _Toc118466560]If RAN2 agrees to configure multiple PUSCH transmission occasions in each CG period of a CG configuration, how to calculate the HARQ process ID of each occasion should be studied.

Another characteristic of the agreed XR traffic model in TR 38.838 is the non-integer period. As agreed in Rel-17 XR SI, the packet arrival rates of XR are {30, 60, 90, 120} fps, so the corresponding traffic periodicities are {33.33, 16.67, 11.11, 8.33} ms. According to the previous RAN1 agreement, 60 fps is a baseline for the UL video stream. While, in legacy, the CG periodicity configured is in the unit of a symbol. For convenience, the values supported for CG configuration are listed below,
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i.e. The supported CG periodicities are {1/7ms, 0.5ms ,1ms,…, 320ms, 640ms} for 15kHz, 0.5x {1/7ms,0.5ms, 1ms,…,1280ms} for 30kHz, 0.25x {1/7ms,0.5ms, 1ms, …,2560ms} for 60kHz, etc.
Clearly, the periodicity of XR service and the periodicity of CG are not well matched.
One straightforward way is to introduce non-integer number(s) in the periodicity of CG. The UE needs to calculate/derivate the PUSCH occasion(s) based on the non-integer value by using the enhanced CG occasion calculation formula, i.e. the current CG occasion formula with ceiling operation. Figure 1 shows an example of the calculated CG PUSCH occasions. 


Figure 1 Example of CG PUSCH occasions calculated for a 60fps period 
Based on Figure 1, another option is to configure a periodic CG pattern. Each CG pattern has multiple CG-PUSCH occasions. How to configure the periodicity of such a pattern and the intervals of multiple occasions in each pattern can rely on the arrival time/periodicity of the XR service. Let us take 60fps for UL video as an example, the periodicity of the CG pattern is 50ms. In each CG pattern, three CG-PUSCH occasions can be configured and the occasion interval is 17ms between a certain one and the nearest previous one (except the interval between the last two CG-PUSCH occasions).
The third option is to use a DCI to change the start offset of the CG configuration dynamically for the alleviation of the periodicity misalignment. This solution has a clear drawback, i.e. it requires frequent indication and adjustment. 
[bookmark: _Toc110343551][bookmark: _Toc118466561]RAN2 considers the following solutions to resolve the periodicity mismatch issue:
· [bookmark: _Toc110343552][bookmark: _Toc118466562]Alt1: Introduce non-integer number for CG periodicity and add ceiling operation in CG occasion calculation formula.
· [bookmark: _Toc110343553][bookmark: _Toc118466563]Alt2: Introduce the periodic CG pattern in which multiple non-consecutive PUSCH occasions can be configured. 

Conclusion
We have the following observations:
Observation 1	TSCAI is designed to provide the gNB with the TSC characteristics which contain direction, periodicity and burst arrival time.
[bookmark: _GoBack]
We have the following proposals:
Proposal 1	RAN2 assumes to use TSCAI-like method to inform the gNB with the XR characteristics which contain direction, burst periodicity and burst arrival time.
Proposal 2	RAN2 considers the UE to report the maximum or minimum burst size information to the gNB if such information can not be obtained by the gNB from the SMF.
Proposal 3	A LS to SA2 to confirm the feasibility of the maximum or minimum burst size information provision to the gNB from the core network for the XR service.
Proposal 4	RAN2 waits for RAN1’s progress on resource usage adaptation for the system capacity improvement.
Proposal 5	RAN2 considers to allocate multiple PUSCH transmission occasions in each CG period of a CG configuration. Each occasion carries individual data associated with one XR packet.
Proposal 6	If RAN2 agrees to configure multiple PUSCH transmission occasions in each CG period of a CG configuration, how to calculate the HARQ process ID of each occasion should be studied.
Proposal 7	RAN2 considers the following solutions to resolve the periodicity mismatch issue:
•	Alt1: Introduce non-integer number for CG periodicity and add ceiling operation in CG occasion calculation formula.
•	Alt2: Introduce the periodic CG pattern in which multiple non-consecutive PUSCH occasions can be configured.
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= periodicity -
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:

15 kHz 2,7, 14, where n=(1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30 kHz 2,7, n*14, where n=(1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}.-
60 kHz with normal CP 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60 kHz with ECP: 2,6, n*12, where n=(1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}.-
120 kHz. 2,7, n*14, where n=(1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}
480 and 960 kHz. n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}
= periodicityExt.

This field is used to calculate the periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5,8.2). If this field is present, the field
periodicity is ignored. -
The following periodicites are supported depending on the configured subcarrier spacing [symbols]:

15 kHz periodicityExt*14, where periodicityExt has a value between 1 and 640.
30 kHz periodicityExt*14, where periodicityExt has a value between 1 and 1280..
60 kHz with normal CP: periodicityExt*14, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP: periodicityExt*12, where periodicityExt has a value between 1 and 2560.
120 kHz. periodicityExt*14, where periodicityExt has a value between 1 and 5120..
480 kHz. periodicityExt*14, where periodicityExt has a value between 1 and 20480.

960 kHz: periodicityExt*14, where periodicityExt has a value between 1 and 40960. ¢
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