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Introduction
In RAN2#119-e meeting, XR power saving was discussed, except for DRX related enhancements, some RAN2-specific aspects not related to DRX were also identified, like SFN wrap-around, following are the agreements [1]:
	1: RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.: 
-	DRX enhancements to address the issues of DRX cycle mismatch and jitter
-	Identify necessary parameters from CN for XR-awareness for power saving 
Enhancements to Rel-17 PDCCH adaptation can be discussed based on RAN1 feedback, if they have any RAN2 impact
RAN2-specific aspects can be studied based on contributions (e.g. multiple XR traffic flows with different periodicities, SFN wrap-around, RAN2-specific CDRX aspects, …).


In this contribution, we discuss on the non-DRX power saving enhancements for XR.
Discussion
[bookmark: _Hlk110416859]SFN Wrap-around
SFNs are numbered with 0 to 1023 sequentially, and then wrap around to number 0, which can be named as an SFN cycle with 1024 frames. Currently, all C-DRX cycles are integer divisor of 10240 ms, and the time interval of the start time between two adjacent DRX duration on timers is equal to the C-DRX cycle, while the last time of the active timer may be different of the two adjacent active timers.
When it comes to XR, due to the non-integer periodicity of the XR traffic, there could be mismatch C-DRX cycle and XR traffic periodicity, enhancements to align the C-DRX on duration and XR traffic arrival time are still under discussion. However, even the C-DRX cycle and on duration timer configuration can match the DL XR traffic perfectly, there can be mismatch after one or several C-DRX cycles due to SFN warp-around. In Figure 1, an example is provided, in which multiple DRX cycles (50ms) are used as a round to match the XR traffic arrival, but when SFN warps around, the mis-alignment happens, and this may cause extra UE power consumption on PDCCH monitoring.


Figure 1 Mis-alignment between C-DRX cycle and XR traffic due to SFN wrap-around
Observation 1: Due to the non-integer of XR traffic periodicity, even C-DRX enhancement is applied, there can be mis-alignment between (multiple)C-DRX cycle and XR traffic due to SFN wrap-around.
In Rel-16 IIoT, similar problem was discussed for mis-alignment between CG periodicity and TSN periodicity due to SFN warp-around, therefore, the related solution designed in Rel-16 can be reused in XR, at least taken as the start point for further discussion.
[bookmark: _Hlk115447645]Proposal 1: Rel-16 solution to solve mis-alignment between CG periodicity and TSN periodicity, can be taken as baseline for XR SFN wrap around issue.
Reduced PDCCH monitoring
No matter whether UE would like to interact data with gNB or not, UE has to monitor PDCCH for potential downlink control information (DCI), consuming energy for PDCCH monitoring, which is no help for power saving. 
Besides, video frame from application layer is usually divided into a lot of burst packets in access layer. If multiple UEs were to transmit video frame simultaneously, the PDCCH resource would be insufficient to bear such amount of DCI.
Observation 2: Monitoring PDCCH for burst packets is also a challenge for UE power saving in XR.
Some energy saving approaches, such as DRX, can prolong the duration during which UE does not need to monitor PDCCH. But from our perspective, it is suspicious whether relying solely on current power saving mechanism can fulfill the power saving objective of XR. The main reason is due to the existence of the jitter in XR traffic flow and the relatively fixed on-off period in DRX. 
Although there are some on-going discussions on the ability of dynamic modification on DRX parameters for the adaption of jitter, it is afraid that such dynamic modification will introduce extra overhead affecting system capacity and power saving, and whether it would be too frequent for gNB to modify DRX parameters since jitter is not predictable.
[bookmark: _Hlk115447660]Observation 3: Power saving mechanism with fixed on-off period may not align with the unpredictable jitter of XR traffic flow and introduce extra overhead. 
Another noteworthy issue is that it is generally assumed that the frame rate of XR service (VR, AR or cloud gaming, etc.) is at least 60 frame per second, which also means the frame arrival interval is less than 16.7ms. One implicit information is that if the RAN is not overloaded, the maximum scheduling interval is also less than16.7ms. And 16.7ms is about the same order of magnitude of SR period in PUCCH generally configured. 


Figure 2 DCI transmission in PDSCH
Supposing it is allowed to transfer DCI in PDSCH transmission block which will be transferred less than every 16.7ms, the UE can be configured with a timing sequence that has less PDCCH monitor occasion and period, by which would be beneficial for XR specific power saving.
Proposal 2: RAN2 is kindly asked to discuss whether to introduce new MAC CE in PDSCH for DCI to reduce power consumption caused by PDCCH monitoring.
Conclusions
In this contribution, we analyse the non-DRX enhancements for XR-specific power saving. Followings are our observations and proposals.
Observation 1: Due to the non-integer of XR traffic periodicity, even C-DRX enhancement is applied, there can be mis-alignment between (multiple)C-DRX cycle and XR traffic due to SFN wrap-around.
Proposal 1: Rel-16 solution to solve mis-alignment between CG periodicity and TSN periodicity, can be taken as baseline for XR SFN wrap around issue.
Observation 2: Monitoring PDCCH for burst packets is also a challenge for UE power saving in XR.
Observation 3: Power saving mechanism with fixed on-off period may not align with the unpredictable jitter of XR traffic flow and introduce extra overhead. 
Proposal 2: RAN2 is kindly asked to discuss whether to introduce new MAC CE in PDSCH for DCI to reduce power consumption caused by PDCCH monitoring.
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