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1. Introduction
In R18 new XR SI [1], the following objective is proposed:

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.

In RAN2#119 meeting, RAN2 discussed the issue and made the following agreements. 

·  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 paper, we would like to discuss CDRX enhancements for XR considering non-integer XR traffic periodicity and jitter.
2. DRX enhancement due to XR considering non-integer XR traffic
In [1], it indicates that the DRX should be enhanced considering the XR service: (i) the non-integer XR traffic periodicity, (ii) variable XR data rate and (iii) quasi-periodic XR periodicity, hence enhancements would be beneficial in this area.
Many of the end user XR and CG devices are expected to be mobile and of small-scale, thus having limited battery power resources. Therefore, additional power enhancements may be needed to reduce the overall UE power consumption when running XR and CG services and thus extend the effective UE battery lifetime. It is understood that the current DRX configurations do not fit well for (i) the non-integer XR traffic periodicity, (ii) variable XR data rate and (iii) quasi-periodic XR periodicity, hence enhancements would be beneficial in this area. 
Considering non-integer XR traffic periodicity (e.g. 8.33ms, 11.11ms, 16.66 ms) and delay requirement of the XR, it is better that the DRX periodicity aligns with the quasi-periodic XR periodicity. However, the unit for DRX cycle are “ms” and the configurable values of DRX long cycle are 10, 20, 32, 40 ms, etc, and 2, 3, 5, 6, 7, 8, 10, 14, 16, 20, 30 ms, etc for short DRX cycle. It will result in mismatch between DRX on and XR traffic. Furthermore, is too coarse and it cannot meet the service period of XR, e.g. XR service period (8.33ms, 11.11ms, 16.66ms), i.e. 60.90.120 fps. 

In RAN2#119bis meeting, RAN2 agreed that semi-static solutions and dynamic solutions are on the table now.
· 1: At least RRC pre-configuration and switching of configurations of DRX could be considered for enhancements of XR power saving. Other solutions are not precluded and can be further discussed.
However, in last RAN1 meeting, RAN2 agreed to prioritize semi-static solutions.
	Agreement
For enhancement of CDRX to align with XR traffic periodicity (i.e., Issue 1-1)
· Prioritize semi-static solutions

· FFS: Whether dynamic solutions will be also needed


In RAN2#119 meeting, some semi-static solutions are also provided in companies’ paper. It is summarized below:
	category
	Protentional Solutions in RAN2 companies’ paper
	Corresponding solution mentioned in RAN1

	Semi-static solutions, i.e. the DRX related parameters are configured in RRC
	Non-integer DRX cycle values [14]
	Uniform non-integer CDRX cycle

	
	DRX cycle pattern with different integer values[5][7][8][11][15][24][25]
	Non-uniform CDRX cycle pattern

	
	The DRX cycle is configured based on number of slots, not ms.[23]
	

	
	Changing the DRX pattern by adding two new parameters: (i) a fixed time shift for the start of drx-onDurationTimer; and (ii) a number of DRX cycles after which the new shift should be added. [12][16]
	Semi-static configurations of drx_startoffset to match the traffic periodicity


Considering XR service period (8.33ms, 11.11ms, 16.66ms), i.e. 60.90.120 fps, some companies think the straight way is to introduce non-integer DRX cycle configuration. However, it is not a good solution considering:
(1) There is such example to configure a non-integer value for a period in both LTE and NR. It is brand new feature and change the nature of the legacy system.

(2) If the system support both integer and non-integer DRX cycle, at least two formulas will be used to determine the DRX on duration. There is also no precedent that one configuration with different value will have different implementation.

(3) The non-integer DRX cycle, e.g. 8.33ms, 11.11ms, 16.66ms, it is related to traffic flow traffic and it is less future proof. We cannot foresee the possible non-integer DRX cycle for XR traffic in future. If new non-integer XR service period appear, the new DRX cycle will be captured and the spec will be changed accordingly.

(4) The introduction of non-integer DRX cycle, it will make both UE implementation and network implementation complex and it also has Potential unexpected risks for both feasibility and implementation because it changes the nature of the legacy system and it is also brand new for implementation.
Based on the considerations, we propose not to introduce non-integer DRX cycle in this SI.
Proposal 1: It is proposed to not to introduce non-integer DRX cycle in this SI.
In NR, various numerologies are supported compared with LTE and slot length is different based on different SCS. So, the unit of DRX cycle can be based on slot numbers instead of number of ms. it can solve the non-integer XR traffic issue and it is easy to implement. 
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Proposal 2: RAN2 is kindly asked to consider configuration of DRX cycle with number of slots as a candidate semi-static solution.

In R16, dual DRX are introduced for FR1 and FR2, i.e. shorter CDRX parameter values in FR2 can improve the power consumption in FR2. 

In R17 MBS, the multiple MBS DRXes can be configured per G-RNTI and theses MBS DRXes are performed independently each other and also independent from unicast DRX. Furthermore, the DRX parameters for each MBS DRX are also configured separately, i.e. no shared DRX parameters configuration between any MBS DRX in RRC signalling. The MBS DRX is configured per G-RNTI and the MAC choose the DRX impact when receive MBS data based on G-RNTI.
However, we cannot see the necessary to introduce more than one DRX for FR1 or for FR2 based on one C-RNTI. In R8 LTE, multiple DRX was discussed but it is not agreed because multiple DRX will result in more UE power consumption if the multiple DRX configurations are not perfect and multiple DRX configuration will also be more complex. 

Proposal 3: No need to introduce multiple DRXes based on one C-RNTI in FR1 or FR2. It is enough to configure dual DRX for FR1 and FR2 respectively from FR perspective.

3. DRX enhancement due to XR considering jitter in XR traffic
RAN1 agreed that video traffic suffers from random jitter around its mean period (typically ±4 ms), covering a long range of 8 ms. Considering the delay requirement of XR traffic, the DR ON length should take the jitter range into account, e.g. configure drx-onDurationTimer more than 8ms. However, it will result in more UE power saving, especial for the short video periods, e.g. e.g. 8.33ms, 11.11ms, 16.66 ms.
This issue was discussed in RAN1 and some protentional solutions are summarized in RAN1:

· High priority Issue 1-2: C-DRX enhancements to handle jitter

· Jitter handling by dynamic indication of DRX On Duration starting time and/or another DRX On Duration time by DCI or WUS

· PDCCH monitoring triggered by WUS within DRX on duration

· Adjustment of DRX On Duration or Active Time conditioned on data reception

· This solution triggers additional On Duration for PDCCH monitoring or early switching to DRX OFF

· Non-uniform PDCCH monitoring occasions within On Duration matched to jitter distribution

· XR-specific PDCCH monitoring window at each cycle in both DRX ON and OFF based on network delay jitter

· Two stage/level CDRX configuration

In RAN2#119 meeting, some solutions are also provided in companies’ paper. It is summarized below:

	category
	Protentional Solutions in RAN2 companies’ paper
	Corresponding solution mentioned in RAN1

	With DRX impact
	Two stage/level CDRX configuration, [12][14][17][28][29]
	Two stage/level CDRX configuration

	
	Dynamically adjust certain DRX parameters to solve both issues of DRX cycle misalignment and jitter e.g. drx-StartOffset, drx-OnDurationTimer, etc. [5][9][11][20][21][28]
	· Jitter handling by dynamic indication of DRX On Duration starting time and/or another DRX On Duration time by DCI or WUS

· Adjustment of DRX On Duration or Active Time conditioned on data reception

· This solution triggers additional On Duration for PDCCH monitoring or early switching to DRX OFF

	Without DRX impact
	LP-WUS based solution [15][24]
	· PDCCH monitoring triggered by WUS within DRX on duration

	
	Non-uniform PDCCH monitoring occasions within On Duration matched to jitter distribution [8]

	· Non-uniform PDCCH monitoring occasions within On Duration matched to jitter distribution



	
	PDCCH monitoring adaptation enhancement [16]
	

	
	More than one USS with activation/deactivation [11]
	


In TR38.840, the power state is defined Table 18 as displayed below. The power gain can be achieved from deep sleep and light sleep only if there are more time than required transition time as defined in Table 19 and Figure 1.
Table 18: UE power consumption model for FR1
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)

700 (23 dBm)


Table 19: UE power consumption during the state transistion
	Sleep type
	Additional transition energy:

(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

	*
Immediate transition is assumed for power saving study purpose from or to a non-sleep state
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Figure 1: Illustration of UE power consumption at state transition
For two stage/level CDRX solution, the sub duration interval is too short and there is no power gain from deep sleep and light sleep gain, i.e. 20ms and 6ms total transition time. The only power gain is due to no PDCCH monitor. If so, two stage/level CDRX solution is similar as non-uniform PDCCH monitoring occasions within On Duration solution and two stage/level CDRX solution increase more complexity on DRX operation. 
For solution to dynamically adjust certain DRX parameters e.g. drx-StartOffset, drx-OnDurationTimer for jitter, it can solve both issues of DRX cycle misalignment and jitter and no need to repeat the discussion for jitter topic.

Furthermore, some companies proposed some PDCCH only based solution and no impact on DRX, and it is up to RAN1 design. So, we propose RAN2 will not discuss the jitter issue and leave it to RAN1.

proposal 4: Two stage/level CDRX solution is not considered considering the power saving gain and the complexity.
Proposal 5: It is up to RAN1 to solve the jitter issue with a RAN1 solution.
4. Conclusions

Based on the discussion above, there are following observations on the current DRX operation:
Proposal 1: It is proposed to not to introduce non-integer DRX cycle in this SI.
Proposal 2: RAN2 is kindly asked to consider configuration of DRX cycle with number of slots as a candidate semi-static solution.

Proposal 3: No need to introduce multiple DRXes based on one C-RNTI in FR1 or FR2. It is enough to configure dual DRX for FR1 and FR2 respectively from FR perspective.

proposal 4: Two stage/level CDRX solution is not considered considering the power saving gain and the complexity.
Proposal 5: It is up to RAN1 to solve the jitter issue with a RAN1 solution.
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