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A new Rel-18 study on XR Enhancements for NR[1] was agreed at RAN#94e meeting. One of the objectives is XR-specific Power Saving: 
	Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.



This contribution provides our initial consideration on the C-DRX enhancement aspect from RAN2 point of view. 
Discussion
2.1 Legacy C-DRX

With legacy C-DRX configuration, UE could be configured with drx-LongCycle and maybe also drx-ShortCycle, and both are in ms granularity. Even though drx-StartOffset is also in ms granularity, but a drx-SlotOffset can be configured in addition to delay the starting of the on-duration window for multiple time of 1/32 ms. This allows to configure a very precise on-duration position at slot granularity. 

Moreover, for all serving cells of a MAC entity, they may be configured by RRC in two DRX groups, both DRX group have common short and long DRX cycle, same on-duration window starting point but can have different on-duration timer and DRX inactivity timer, these could enable serving cells in one DRX groups switch from on to off earlier.

Furthermore, a DRX Command MAC CE and or a Long DRX Command MAC CE can stop the on-duration timer and inactivity timer if running, this could be used to cut down the active time under gNB control e.g. when there is no more packet in buffer for scheduling, afterward, UE will use short DRX cycle or long DRX cycle respectively.


Finally, when DCP is configured, DCI with CRC scrambled by PS-RNTI can indicate UE to start or not start the on-duration in next long DRX cycle. These would further reduce on time under gNB control.

2.2 Potential issues
Following the XR traffic analysis and C-DRX discussion documented in the TR38.838 [2], Last RAN1 meeting further made the agreements as below [3]:

	For power saving study of Rel-18 XR SI, CDRX enhancements to evaluate in this study item are to be selected from the following:
· High priority Issue 1-1: Alignment between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity for each flow
· High priority Issue 1-2: C-DRX enhancements to handle jitter
· Medium priority Issue 1-3: CDRX enhancements for multiple XR traffic flows [Note 2]
· Low priority Issue 1-4: CDRX enhancements to adjust to variable burst sizes and frame rate
· Note: Some companies think the adjustment for variable burst sizes can be realized by existing spec already
· Low priority Issue 1-5: low latency handling 
· Low priority Issue 1-6: SFN wraparound mismatch (if handled in RAN1)
FFS: how the solutions or the combination of the solutions can handle all the identified issues.




Here after, we share our analysis into details of these issues from RAN2 point of view and propose which issues RAN2 could consider to address: 

1. Non-integer periodicity
This issue have been raise in RAN1 study widely: The packet arrival rate is determined by the frame generation rate, e.g., 60fps. Accordingly, the average packet arrival periodicity is given by the inverse of the frame rate, e.g., 16.6667ms = 1/60fps, which is not multiple times of ms. however currently the periodicity of DRX can only be configured in ms granularity. As shown in following table if we configure the DRX with 17ms periodicity, which is slightly longer than the periodicity of data packets, then the buffer time of the packets will be longer and longer (accumulated). 

We should notice that finer granularity of DRX cycle can reduce the problem but will not solve the problem perfectly for all frame rate cases. Considering finer granularity of DRX cycle has not been supported. We propose RAN2 to enhance C-DRX to solve this issue. 
Table 1: non-integer periodicity issue
	Packet number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	packet arrival time 
	4
	20.6667
	37.3334
	54.0001
	70.6668
	87.3335
	104.0002
	120.6669
	137.3336
	154.0003
	170.667
	187.3337
	204.0004

	ideal schedule subframe
	4
	21
	38
	55
	71
	88
	105
	121
	138
	155
	171
	188
	205

	on duration start time [4,17]
	4
	21
	38
	55
	72
	89
	106
	123
	140
	157
	174
	191
	208

	delay for waiting on-duration
	0
	0
	0
	0
	1
	1
	1
	2
	2
	2
	3
	3
	3





2. Timing mismatch
One reason of timing mismatch is that DRX is pre-configured by gNB via RRC signalling. When the XR service starts, the frame arrival timing may not exactly fall in on-duration window. 

Another reason of timing mismatch is the SFN wraparound. When SFN wraparound happens, it may lead to a shorter/longer gap between the two on durations, but arriving time between two packets are still the same. So if the packet arrival timing matches the timing of on-duration before SFN wraparound, it will became mismatch after SFN wraparound happens. 

The final reason of timing mismatch is frame rate change. Frame rate change will lead to packet arrival periodicity changes.

As shown in following figure, the mismatch of frame arrival timing and UE wake up timing will cause extra delay of transmission, all these issues existed already as of today, but this might become a problem only for XR type of service which has tight PDB requirement: 



Fig 1: Timing Mismatch Issue 
 
Even though RRC can at any time reconfigure DRX parameter when timing mismatch happens. But a more adaptive/fast way might be preferred. 

3. Jitter
Exact frame arrival timing would be a bit earlier or later than expected time due to random delay contributed from frame encoders in Edge server, network transfer time in core network, etc. 



Fig 2: Jitter

Jitter is random and it is less predictable, but it would still have certain statistical probability distribution. One possible solution is to add time margin before and after the expected arriving time when configuring the on-duration, however this will increase the UE wake up time and power consumption, even though we have mechanism to end wake up time when all packets has been transmitted.
From TR38.838, the general idea for jitter handling is to make DRX On duration start offset/PDCCH skipping end duration/new Active Time be aligned with actual DL traffic arrival time as much as possible by L1 indication and or prediction based on traffic arrival statistics. 

The randomness of Jitter will make it hard to enhance C-DRX with notable gain but not much pain, besides, (long) DRX Command MAC CE and DCP could be utilized to reduce the impact, so we propose to address this issue with lower priority  

4.  Multiple XR traffic flows
From TR38.838, especially in dual eye buffer model, the left and right eye frame arrive separately with a time offset but the same periodicity. Moreover in certain two stream model, e.g. video + audio/data, the video and audio streams may have different periodicity (e.g., 16.6 and 10ms), different PDB (e.g., 10ms vs 30ms) and different packet size.  

Current we only support one DRX configuration. Even though two DRX groups is introduced, but they share the comment periodicity and same on duration start point, which seems not solve the multiple follow issue.

5. Variable burst sizes
With existing C-DRX, if there is more data in the buffer for transmission, UE will continuously stay in active time by restarting the DRX inactivity timer. If there is no more data in the buffer anymore, UE will eventually go to sleep after DRX inactivity time runs out, or even gNB can send DRX comment to make UE sleep earlier. so DRX design as of today has been well adaptive to variable burst size.

6. low latency handling
As we pointed in issue#2, lower latency handling is one factor why C-DRX configuration should match the packets arriving time as much as possible, so we do not need to list this issue separately. 

Following above analysis, it is proposed: 
Proposal 1: RAN2 confirm to enhance C-DRX to address following issues
A) Non-integer periodicity of XR frame arrival timing
B) Timing mismatch between XR packet arrival time and on-duration time due to 
a. Random first XR packet arrival timing
b. SFN wraparound

C) Multi XR service flows
D) Jitter (with lower priority)
Summary
[bookmark: OLE_LINK3]This contribution provided our initial consideration on C-DRX enhancement, and we propose:
Proposal 1: RAN2 confirm to enhance C-DRX to address following issues
A) Non-integer periodicity of XR frame arrival timing
B) Timing mismatch between XR packet arrival time and on-duration time due to 
a. Random first XR packet arrival timing
b. SFN wraparound
C) Multi XR service flows
D) Jitter (with lower priority)
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