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Introduction
The Rel-18 XR SID was approved in RAN #94 [1]. For each objective involved in RAN1 in the SID, the high/medium/low priority of issues were identified in RAN1#109-e meeting [2]. W.r.t. the potential XR-specific power saving techniques, further evaluations of these techniques are needed for justification and discussions.
Discussion
Evaluation of CDRX for XR traffic
According to previous discussions in this topic, CDRX technique is promising to be applied in XR services. Corresponding CDRX enhancement to accommodate the XR traffic properties, is considered as high priority issue. As illustrated in Table 1~Table 2, the performance of different CDRX configurations shows that either the traditional power saving gain of Rel-15 CDRX technique is drowned (for XR traffic); or the capacity degrades dramatically which may affect the user’s experience if the capacity loss exceeds to some certain extent.
Thus the issue of periodicity alignment between CDRX and XR traffic was elaborated [3], and corresponding evaluations of the solutions should be provided. 
[bookmark: _Ref110419830]Table 1 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL + pose/control)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Baseline
	-
	-
	-
	11
	11
	93.18%
	-

	R15 CDRX
	10
	8
	4
	11
	11
	90.15%
	6.65%

	
	16
	10
	5
	11
	11
	81.82%
	13.9%



[bookmark: _Ref110952396]Table 2 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL only)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Baseline
	-
	-
	-
	11
	11
	93.18%
	-

	R15 CDRX
	10
	8
	4
	11
	11
	90.15%
	7%

	
	16
	10
	5
	11
	11
	81.82%
	18.47%



Then the evaluations of CDRX enhancement in XR use cases are conducted in this section. In fact these solutions have been summarized during the discussion of RAN1-109e meeting [2][3]. Wherein they are listed as follows:
1) Dynamic indication to adjust CDRX configuration 
Dynamic signaling can be used for adjustment of CDRX start offset/duration. In this regard, additional dynamic signaling would be needed for CDRX configuration which is actually semi-static configured in current specification. And for dynamic instant indication, the UE needs to monitor the PDCCH to obtain the information update.

2) Non-uniform CDRX cycle pattern
Regarding this case, multiple small CDRX cycles are used to compose a longer CDRX cycle. For example, a CDRX cycle set with three small CDRX cycles, e.g., (17ms, 17ms, 16ms) or (16ms,16ms,18ms), can obtain a long CDRX cycle of 50ms and the alignment between XR traffic and CDRX cycle is achieved.

3) Uniform non-integer CDRX cycle
For this case, the formula defined in TS 38.321 can be basically reused with small modification, e.g., start the 
drx-onDurationTimer if floor([(SFN × 10) + subframe number] modulo (drx-LongCycle)) = drx-StartOffset. Wherein the value of drx-LongCycle can be a non-integer CDRX cycle (e.g., 1000/FPS ms).

4) Multiple CDRX configurations
In our understanding, although multiple CDRX configurations are proper to handle multiple XR flows, it can also be used to align the XR traffic and CDRX cycle. For example, multiple CDRX are configured with a same long cycle and staggered start offsets, in order to achieve that each CDRX configuration is applied for a small CDRX cycle within an aligned long CDRX cycle.

With the simulation assumptions given in the Appendix, the performance evaluations of these solutions are provided as shown in Table 3~Table 4. And according to the results, we observe that the power saving gain from those alternatives are pretty close. 
[bookmark: _Ref110953618]Table 3 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL + pose/control)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Dynamic indication
	50
	6
	4
	11
	11
	90.1%
	23%

	Non-uniform CDRX cycle 
	17-17-16
	6
	4
	11
	11
	90.15%
	23.86%

	Uniform non-integer CDRX cycle
	(1000/60)
	6
	4
	11
	11
	90.15%
	23.85%

	Multiple CDRX (3 CDRX configurations)
	50ms DRX cycle
	6
	4
	11
	11
	90.11%
	24%



[bookmark: _Ref110953621]Table 4 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL only)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Dynamic indication
	50
	6
	4
	11
	11
	90.1%
	33%

	Non-uniform CDRX cycle 
	17-17-16
	6
	4
	11
	11
	90.15%
	33.9%

	Uniform non-integer CDRX cycle
	(1000/60)
	6
	4
	11
	11
	90.18%
	33.8%

	Multiple CDRX (3 CDRX configurations)
	50ms DRX cycle
	6
	4
	11
	11
	90.1%
	34%



In addition to VR 30M, evaluations w.r.t CG 30M and VR 45M scenarios have been provided in [3], wherein non-uniform CDRX cycle pattern, or uniform non-integer CDRX cycle etc., is actually applied as power saving schemes. And also the results show similar power saving gain. 
The power saving gain from solutions such as dynamic indication, non-uniform CDRX cycle, uniform non-integer CDRX cycle, multiple CDRX configurations is close and within a small value range. 
With the above observations, it would be difficult to rank these aforementioned solutions based on the performance as shown above. Therefore, other aspects like signaling overhead and complexity are taken into account for comparison in following context. For example, as to the dynamic signaling method, actually it is not necessary to achieve a periodic CDRX configuration, via additional signaling overhead in each CDRX cycle (e.g., 50 ms) in order to adjust the start of next DRX cycle to align with the arrival time of the XR packet.
It is not necessary to achieve a periodic alignment between CDRX cycle and XR traffic periodicity, via additional dynamic signalling in each CDRX cycle.
Proposal 1:	The dynamic indication to adjust CDRX configuration frequently should be avoided from RAN1 perspective.
[bookmark: _Ref110261814]Furthermore, regarding other approaches via semi-static RRC configuration, following comparison is given as Table 5 illustrated. As to method 2) Non-uniform CDRX cycle pattern, and 3) Uniform non-integer CDRX cycle, lower RRC signaling overhead may be needed since only a set of CDRX parameters are required, while some new parameters may be introduced for 2), e.g., parameters for forming the DRX cycle pattern (17,17,16). Moreover, from specification/ implementation aspect, for solution 4) Multiple CDRX configurations, management of multiple sets of timers will definitely bring additional complexity for CDRX mechanism. Then for solution 3), minimal modification to the specification can be made with basically reusing legacy DRX procedure. 
[bookmark: _Ref110435159]Table 5 Comparison among semi-static RRC configuration approaches.
	
	2)Non-uniform CDRX cycle pattern
	3)Uniform non-integer CDRX cycle
	4)Multiple CDRX configurations

	Performance
	Similar power saving gain with acceptable capacity loss.

	
RRC signaling and
New Parameters
	Low/medium RRC signaling overhead, wo/w new parameters,
Flexible DRX cycle pattern, e.g., (17,17,16) , (16,16,18) etc.，
	Low RRC signaling overhead,
without new parameters,
Uniform DRX cycle pattern, e.g., (17,17,16)
	Higher RRC signalling overhead, without new parameters

	Specification impact
	Complex switching among multiple sub-cycles

	Modified formula.
The cycle in the formula can be non-integer, e.g., 50/3 ms
	Complex management of multiple sets of timers



RRC signalling and specification impact can be considered in terms of comparison among semi-static RRC configuration approaches. 
Proposal 2:	RAN 1’s evaluations and comparisons of solutions of matching periodicities of XR traffic and CDRX via semi-static RRC configuration should be captured in TR.38.835
Proposal 3:	RAN 1 sends LS to RAN 2 and provide the information of evaluations and comparison among solutions of matching periodicities of XR traffic and CDRX via semi-static RRC configuration.

Jitter handling
For the issue to handle jitter, considering that there is always a packet arrival during one XR traffic cycle, an additional PDCCH monitoring time can be considered to monitor the scheduling which is out of CDRX active time. That is, if a data packet arrives later than the end of DRX On, an additional active time can be activated for receiving this data packet. In a meanwhile, if a data packet arrives earlier than the DRX On because of jitter impact, a DRX On duration can be wakened up if WUS is configured. Then there are basically two options to activate the additional active time as follows:
· Signaling trigger
In this way, the signaling includes WUS reception outside DRX On duration. In fact the WUS reception can be similar as Rel-16 DCP; whereas UE needs to monitor multiple occasions for WUS reception during a time window outside active time. Meanwhile either the start position of a drx-onDurationTimer needs to be changed by WUS, or an addition DRX On duration is triggered by WUS signal. The latency and power saving gain are highly dependent on the design of WUS (e.g., the periodicity of WUS, the signal of the WUS and so on). Moreover, the signaling also includes DCI or WUS reception in active time, and the signalling can trigger another DRX On duration time for receiving potential late packet arrival.

· Non-data reception trigger
In another simpler case, an additional active time can be triggered based on Non data reception. That means, the UE can be implicitly or conditionally indicated to activate another DRX On duration in response to no data reception till the end of original DRX On duration.
According to the evaluations as provided in Table 6 ~Table 11, additional active time triggered via DCI or Non-data reception can achieve better performance comparing with the performance of aligned CDRX solutions. That basically provides a possibility of optimizing the performance of transmission with jitter impact.
[bookmark: _Ref110437754]Table 6 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL + pose/control)
{Iitter=[-8,8]ms; For the additional active time activated via WUS: Transition time=1 slot, and WUS is monitored every 1ms; For the additional active time activated via Non-data reception or signalling: additional DRX On duration = original DRX On duration}
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Aligned CDRX with XR traffic
	Aligned every 50ms
	12
	4
	11
	11
	
88.36%
	
7.5%

	activate the additional active time 
	Aligned every 50ms
	5
	4
	11
	11
	
90%
	
14.18%


Table 7 FR1 power consumption results in Indoor Hotspot scenario (VR30M, fps=60, DL only)
{Jitter=[-8,8]ms; For the additional active time activated via WUS: Transition time=1 slot, and WUS is monitored every 1ms; For the additional active time activated via Non-data reception or signalling: additional DRX On duration = original DRX On duration}
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	12
	4
	11
	11
	
88.36%
	
10.4%

	activate the additional active time 
	Aligned 
every 50ms
	5
	4
	11
	11
	
90%
	
30%


Table 8 FR1 power consumption results in Indoor Hotspot scenario (VR45M, fps=60, DL + pose/control, jitter=[-8,8]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	Aligned CDRX with XR traffic
	Aligned every 50ms
	12
	5
	11
	11
	
90%
	
7.5%

	activate the additional active time 
	Aligned every 50ms
	6
	5
	11
	11
	
88.1%
	
15.16%



Table 9 FR1 power consumption results in Indoor Hotspot scenario (VR45M, fps=60, DL only, jitter=[-8,8]ms)

	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	Aligned CDRX with XR traffic
	Aligned 
every 50ms
	12
	5
	11
	11
	
90%
	
8.47%

	activate the additional active time 
	Aligned 
every 50ms
	6
	5
	11
	11
	
88.1%
	
20%



Table 10 FR1 power consumption results in Indoor Hotspot scenario (CG30M + pose/control, jitter=[-4,4]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	CDRX alignment
	16
	6
	4
	12
	12
	84%
	21.2%

	activate the additional active time
	16
	6
	4
	12
	12
	88.19%
	21.3%



[bookmark: _Ref111231731]Table 11 FR1 power consumption results in Indoor Hotspot scenario (CG30M, DL only, jitter=[-4,4]ms)
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all Ues (%)

	CDRX alignment
	16
	6
	4
	12
	12
	84%
	30.9%

	
	16
	8
	6
	12
	12
	88.89%
	20.6%

	activate the additional active time
	16
	6
	4
	12
	12
	88.19%
	32.4%



[bookmark: _Toc2807][bookmark: _Toc28106][bookmark: _Toc17450][bookmark: _Toc21508][bookmark: _Toc110950866]Proposal 4: 	With jitter impact of the XR traffic, flexible additional active time either trigger implicitly or via signalling can be considered to improve the performance on the top of CDRX alignment with XR traffic periodicity.  

Rel-17 PDCCH monitoring enhancement applied to XR scenarios
During Rel-17 phase, apart from CDRX, PDCCH monitoring skipping/SSSG switching are effective way to reduce UE power consumption for general use cases. There’s a remaining issue regarding whether allow re-transmission at the PDCCH skipping duration, it may have critical impact for XR use cases, which requires low latency and high data rate at the same time. The permission of re-transmission during PDCCH skipping duration can contribute to the capacity up a bit, which could be important for specific use case which has particular requirement of user experience while with relaxed power consumption constraint. In this regard, supporting re-transmission during PDCCH skipping duration can be considered.
[bookmark: _Toc110950867]Permission of re-transmission scheduling during PDCCH skipping duration can contribute to the capacity boosting to some extent. 

Others
· Assistance information
RAN1 discussed and concluded that information from the core network to RAN could be helpful for the enhancement of XR-specific UE power management [4], we think the listed potential assistance information denoting traffic properties from CN or UE is needed for design of the solutions e.g., eCDRX configuration.
[bookmark: _Toc83805060][bookmark: _Toc4166][bookmark: _Toc25047][bookmark: _Toc2934][bookmark: _Toc29441]Then regarding how to convey these assistance information, for example, enhanced SR/BSR can be considered to convey the (UE’s)assistance information without introducing additional reporting procedure/or signal. 
Proposal 5: 	Enhanced SR/BSR can be considered to convey the assistance information

· UL transmission
For UL transmission e.g., the pose/control can be transmitted in CG resource. Possibly there exists unnecessary data transmission in allocated resources, which may lead to waste of UE’s power consumption. Thus we consider to configure a UL active time to optimize the time/resource at which the UE can transmit the signal. 
Proposal 6: 	Power saving techniques from UL transmission perspective can also be considered.

Conclusion
In this contribution, we discuss the XR-specific power saving techniques and we have the following observations and proposals.
1. The power saving gain from solutions such as dynamic indication, non-uniform CDRX cycle, uniform non-integer CDRX cycle, multiple CDRX configurations is close and within a small value range. 
It is not necessary to achieve a periodic alignment between CDRX cycle and XR traffic periodicity, via additional dynamic signalling in each CDRX cycle.
RRC signalling and specification impact can be considered in terms of comparison among semi-static RRC configuration approaches. 
Permission of re-transmission scheduling during PDCCH skipping duration can contribute to the capacity boosting to some extent. 
[bookmark: _GoBack]Proposal 1:	The dynamic indication to adjust CDRX configuration frequently should be avoided from RAN1 perspective.
Proposal 2:	RAN 1’s evaluations and comparisons of solutions of matching periodicities of XR traffic and CDRX via semi-static RRC configuration should be captured in TR.38.835
Proposal 3:	RAN 1 sends LS to RAN 2 and provide the information of evaluations and comparison among solutions of matching periodicities of XR traffic and CDRX via semi-static RRC configuration.
Proposal 4: 	With jitter impact of the XR traffic, flexible additional active time either trigger implicitly or via signalling can be considered to improve the performance on the top of CDRX alignment with XR traffic periodicity.  
Proposal 5: 	Enhanced SR/BSR can be considered to convey the assistance information
Proposal 6: 	Power saving techniques from UL transmission perspective can also be considered.

References
[bookmark: _Ref17466]RP-220285, Study on XR Enhancements for NR.
R1-2205412, Final Moderator Summary on XR specific power saving techniques, Qualcomm, RAN1#109-e.
R1-2203606, Discussion on XR specific power saving techniques, ZTE, Sanechips, RAN1#109-e.
R1-2205531, Reply LS on UE Power Saving for XR and Media Services. Qualcomm, RAN1#109-e.
 
Appendix 
Simulation parameters and power model adopted in our simulation refer to [3], and the assumptions are in line with TR 38.838.
In our contribution, evaluations of power consumption in terms of both joint UL&DL and DL only are provided. 
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