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1. Introduction
In RAN#99, updated WID on XR enhancements was approved [1], and the following objectives were specified regarding XR-specific power savings.
	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).


In this contribution, we discuss the potential C-DRX enhancements for XR-specific power saving.
2. Discussion
2.1. Non-integer periodicity
[image: ]As described in TR38.838 [2], one of the XR service characteristics is that for video frames, the packet arrival rate is determined by the frame generation rate. Accordingly, considering the typical frame rate of XR video (e.g., 60fps, 120fps), it is assumed that the packet arrival periodicity is a non-integer value (e.g., 16.67ms, 8.33ms). On the other hand, existing C-DRX cycle can only be configured to integer values. This mismatch between C-DRX cycle and XR traffic periodicity can lead to additional traffic delay. Figure 1 shows that XR packets with a frame rate of 60fps can arrive outside the DRX on-duration if C-DRX cycle is set to 16ms. In this case, the XR packet cannot be sent until the next DRX on-duration time. 
Figure 1: mismatch between C-DRX cycle and XR traffic periodicity
Observation 1:	The mismatch between C-DRX cycle and XR traffic periodicity can lead to additional traffic delay.
The following options have been proposed so far to address this issue.
· Option 1: Introducing non-integer values for DRX cycles
· Option 2: Reusing integer values and adapting DRX on-duration time by
· Non-uniform DRX cycles patterns
· Multiple DRX start offset
· Time adjustment every number of cycles or hyper DRX cycle
· Option 3: Multiple active DRX configurations
For Option 1, non-integer DRX cycles and floor operation are introduced for determining the start time of on-duration. However, the operation of non-integer values may cause rounding errors, which resulting in the misunderstanding between the UE and gNB. Option 2 can reuse integer values for DRX cycles and adapt DRX on-duration time based on predefined or configured rules. For example, considering the case of frame rate = 60fps and DRX cycle = 17ms, the mismatch can be resolved by adjusting every 3 DRX cycles or every hyper DRX cycle of 50ms. Option 2 would be simple DRX scheme because there is no complexity of handling the non-integer values. Also, the specification impact would be small. For Option 3, multiple DRX configurations with different DRX offset would be introduced, and the existing DRX formula could be applies directly. However, it is not clear how the UE manage the multiple DRX configurations, e.g., DRX timers.
Observation 2:	Option 2 would be simple DRX scheme because there is no complexity of handling the non-integer values.
Proposal 1:	RAN2 to consider the adaptation of DRX on-duration time with integer DRX cycle values.
2.2. SFN wraparound mismatch
Besides the non-integer periodicity, SFN wraparound is another factor that causes the mismatch between XR packet arrivals and DRX on-duration. In the current specification, the DRX on-duration timer starts when SFN and subframe number satisfy the relationship represented by the following formula:
[(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle) or
[(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset.
[image: ]In this formula, SFN takes the value of 0~1023 frames and wraps around every 10240ms. Therefore, if the C-DRX cycle is set to a value which cannot be divisible by 10240ms (e.g., 50ms), it causes a problem that the start point of DRX on-duration cannot be kept at a constant cycle. As shown in Figure 2, the gap between two DRX on-durations before and after SFN wraps around is 40ms, even though the C-DRX cycle is configured to 50ms.
Figure 2: SFN wraparound mismatch
This may also be true if the C-DRX cycle is configured to match the XR traffic periodicity. In other words, XR packets can arrive outside the DRX on-duration due to the on-duration shift that occurs when SFN returns to 0. Therefore, it is beneficial to study how to align XR packet arrivals and DRX on-duration considering SFN wraparound. One possible solution is to introduce a new counter into the DRX formula, which is incremented each time SFN wraps around, as follows:
[(SFN + m × 1024) × 10 + subframe number] modulo (drx-LongCycle) = drx-StartOffset,
where m = m + 1 each time SFN = 0.
This solution can work well with less RAN2 specification impact. In addition, no RAN1/4 involvement seems to be needed.
Observation 3:	XR packets can arrive outside the DRX on-duration due to SFN wraparound, even if the C-DRX cycle is set to match the XR traffic periodicity.
Proposal 2:	To resolve the SFN wraparound mismatch, a new counter that is incremented each time SFN wraps around can be introduced into the DRX formula.
3. Summary and proposal
In this contribution, we discussed the potential enhancements for XR-specific power saving and provided the following observations and proposals.
Observation 1:	The mismatch between C-DRX cycle and XR traffic periodicity can lead to additional traffic delay.
Observation 2:	Option 2 would be simple DRX scheme because there is no complexity of handling the non-integer values.
Proposal 1:	RAN2 to consider the adaptation of DRX on-duration time with integer DRX cycle values.
Observation 3:	XR packets can arrive outside the DRX on-duration due to SFN wraparound, even if the C-DRX cycle is set to match the XR traffic periodicity.
Proposal 2:	To resolve the SFN wraparound mismatch, a new counter that is incremented each time SFN wraps around can be introduced into the DRX formula.
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