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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last meeting, RAN2 agreed that:
	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.


This contribution discusses CG enhancements for XR services.
Discussion
The various streams (video, audio, pose/control) that form the XR traffic are all periodic [1], so CG should be considered naturally. However, because of the characteristics of jitter and data variation of the video stream, legacy CG has lower capacity than DG based on RAN1 evaluation [2]. Note that in the comparison, UE is always on for PDCCH monitoring when DG is applied. And for the dynamic UL scheduler to always provide the right UL grant size at the right time, matching the PDU set arrival time and size, it would require the UE to an SR/BSR for each PDU set, thus adding complexity, power consumption and latency. CG has at least 2 advantages: UE power saving and low-latency transmission for the periodic UL services. So, since the power saving requirement is at least as important as the capacity requirement for XR, CG should be adopted with some enhancements.
Observation 1: Unlike dynamic grants, configured grants are best suited to serve the UL XR traffic, while providing the best latency and power saving performance.
Proposal 1: CG enhancements should be considered to address the jitter and burst size variation of the periodic XR traffic.
To apply CG to XR service transmission, the first question is to resolve the non-integer periodicity for CG transmission.
The frame rate of XR video traffic can be 30/60/90/120 fps, and the corresponding periodicities are listed in Table 1. 
[bookmark: _Ref114845797]Table 1 The periodicity of XR video traffic
	Frame rate (FPS)
	30
	60
	90
	120

	Periodicity (ms)
	33.33
	16.66
	11.11
	8.33


Since the various components of a video frame (slice, tile) are below the UDP layer, they are not expected to be differentiated by 5GS so that all packets forming a video frame are carried in the same PDU set. It then seems logical that PDU sets are mapped onto configured grants with the frame periodicity of the associated video stream. In current specification, the CG periodicity can be “periodicityExt-r17 INTEGER (1..40960)” [symbols]. The value range of CG periodicity is flexible enough for services with integer periodicity. The question is the periodicities of XR video streams are non-integer and the deviation between the time occasion of CG and arrival time of service data will increase with time lapse. Taking the service periodicity 16.66ms as an example, if the CG periodicity is configured as 16ms starting from SFN0, the time occasion of CG resources will be 0, 16, 32, 48, 64, 80, 96…[ms]; and the service data will arrive at 0, 16.66, 33.33, 50, 66.66, 83.33, 100…[ms]. It will exceed the end-to-end latency requirement which can be 5ms for cloud gaming and then the CG resource allocation will be useless.
To match the non-integer XR service periodicity, the simplest way is to introduce non-integer CG periodicity and UE will calculate the time occasion of CG as INT (periodicity *N). Considering both cross-slot periodicity and SFN wrap-around issues have already been addressed since R16, such approach should be straightforward.
Proposal 2: Non-integer CG periodicity should be introduced and UE will calculate the time occasion of CG as INT (periodicity*N).
Then we need to consider how to transmit the variable-size and jitter-based XR video PDU sets. Multi-CGO (multiple PUSCHs CG transmission occasions in a period) is a good solution to satisfy both low latency requirements and variable-size packets transmission.
As shown in Figure 1, when multiple CG occasions are allocated in a CG period, the late packet can be transmitted in the right CG period immediately. And if the packet is large, it can be accommodated in several CG occasions.


[bookmark: _Ref109760423]Figure 1 An example of multi-CGO configuration in a CG period
Allocating multiple CGOs which are likely not to be used can be argued to be a waste of resource, but:
1. [bookmark: _GoBack]gNB can have means to know when a PDU set has been completely received (e.g. via BSR enhancements [3]), and can therefore reuse the resources of the leftover unused CGOs  
2. It consumes not UE power since, as for regular CGs, the UE will just skip the CGOs if it has no further data to send for the LCH(s) mapped on the CG
3. In R16/17 IIOT, it is a common understanding that multiple configured grant configurations are configured to address both the traffic jitter and non-supported periodicities, where only one is actually used at a time. This has never been considered as a resource waste.
Note that this approach where multiple CGOs in a CG period can carry multiple TBs is already supported since R16, but currently restricted to shared spectrum allocations (NR-U). So its principle can be reused, and from RAN2 perspective, all what needs to be done is to discuss the method for allocating the HARQ process in the intra-period CGOs (as a recall, in NR-U, the UE selects the HARQ process). 
Proposal 3: To cope with jitter and packet size variation, multi-CGO in a CG period should be supported.
Proposal 4: RAN2 should study time-based HARQ process ID determination for the multi-CGO configuration.
Conclusion
According to the analysis in section 2, it is proposed:
[bookmark: _Ref69910645]Proposal 1: CG enhancement should be considered to leverage the performance of XR capacity and power saving.
Proposal 2: Non-integer CG periodicity should be introduced and UE will calculate the time occasion of CG as INT (periodicity*N).
Proposal 3: To cope with jitter and packet size variation, multi-CGO in a CG period should be supported.
Proposal 4: RAN2 should study time-based HARQ process ID determination for the multi-CGO configuration.
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