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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 # 110, the following were agreed with regards to power saving enhancements for XR [1]

	Conclusion
Conclude that “SFN wraparound mismatch” is a RAN2 issue. It can be left to RAN2 to address. RAN1 does not further study it.

Agreement
RAN1 recommends identifying a solution for enhancement of CDRX to align with XR traffic periodicity

Conclusion
RAN1 does not assume instantaneous jitter value for a frame is predictable for Rel-18 XR SI power saving study before further input is provided by SA.

R1-2207832	Moderator Summary #2 on XR specific power saving techniques	Moderator (Qualcomm Incorporated)

Conclusion 
All the proposed PDCCH monitoring adaptation/reduction schemes including those for jitter handling need to be compared against the Rel-17 PDCCH monitoring adaptation which is to be used as performance reference.

Conclusion 
UE transmission and reception alignment for Issue 3-1 is deprioritized for power saving in Rel-18 XR SI.

Conclusion
RAN1 does not assume dynamic switch of different XR video data rates or frame rates for Rel-18 XR power saving study before further input is provided by SA.

R1-2207833	Final Moderator Summary on XR specific power saving techniques	Moderator (Qualcomm Incorporated)

For future meetings
Companies are encouraged to account the enhancement of CDRX to align with XR traffic periodicity in their further evaluations for XR power saving enhancements.  

Conclusion: 
· Companies are requested to use the Excel sheet attached with TR 38.838 in RP-213652  for recording the simulation results that are provided in their contributions.





In this contribution, we discuss our views on potential power saving enhancements for XR.

2. C-DRX enhancements 

Due to periodic nature of XR packet arrival, C-DRX already seems to be a useful power saving method that can be deployed. The typical XR frame rates are 60, 120 frames per seconds (fps), of which frame periodicities are 16.67ms, 8.33ms., Existing C-DRX cycle lengths (multiple of 1ms) do not align with XR traffic periodicity. Figure 1 shows an example where XR frame arrival rate is 16.67ms and closest CDRX cycle length supported by Rel-15 is 16ms. Hence, even if ON duration of a cycle is aligned with burst arrival, every N cycles, burst could miss ON duration, where value of N depends on length of ON duration. Hence, XR latency may increase as in some cases, since packet scheduling may be delayed to next DRX cycle which is approximately 16ms later whereas XR packet PDB can be as low as 10ms.

[image: ]
          Figure 1: CDRX cycle length does not quite match with XR frame arrival rate.

RAN1 already recommended to identify a solution to align CDRX with XR traffic periodicity. Several options can be considered such as non-integer (in ms) C-DRX cycle, or adaptation of C-DRX start offset by a pattern. In Table 1, we show performance of enhanced DRX (e-DRX) where a pattern (start offset of DRX ON is adjusted every 6th (3rd )cycle for DRX config {8,6,6} and {16, 4, 14}, respectively) is adopted to match with XR traffic arrival with respect to legacy C-DRX, for both jitter ON and OFF. As expected, with jitter ON, performance degradation occurs, however it is still better than using legacy CDRX. Presence of jitter results in non-alignment even if DRX cycle start offset is adjusted due to non-integer periodicity of XR traffic.  Hence, it is critical that range of ON duration covers jitter range as much as possible. On the other hand, since DRX cycle length is already short and XR traffic is periodic, we do not think Rel-16 Wake up signal (WUS) design is a good fit for XR traffic to handle jitter and it may potentially result in increased power consumption.
Observation 1: For DRX (8, 6, 6), 6% (4.4%) and 2.7%  (3%) power saving gain (capacity gain) are observed with semi-static C-DRX alignment compared to legacy C-DRX for jitter OFF and jitter ON, respectively, for PDB 10ms.

Proposal 1: RAN1 recommends semi-static solution for CDRX alignment with XR traffic periodicity 
· Consider configuration a periodic pattern of CDRX cycles such as consecutive DRX cycles with two DRX cycle values or start offset adjustment every N   DRX cycles
· Details of the design can be up to RAN2

Observation 2: Given XR traffic is periodic and DRX cycle is expected to be short for typical XR traffic periodicity, Rel-16 WUS does not seem to be a good fit for power saving for XR applications.

Table 1: Power consumption and capacity performance of enhanced DRX using semi-static CDRX alignment and legacy C-DRX. Results are presented for VR and CG in Dense Urban scenario, 4 UEs, DL only with SU-MIMO scheduler. DRX (Cycle, IAT, ON).
	Power Saving Scheme
	Jitter ON
	Jitter OFF

	
	Power consumption (PC)
	#satisfied UEs per cell/ #UEs per cell
PDB 10ms
	#satisfied UEs per cell/ #UEs per cell
PDB 15ms
	Power consumption (PC)
	#satisfied UEs per cell/ #UEs per cell
PDB 10ms
	#satisfied UEs per cell/ #UEs per cell
PDB 15ms

	
	Baseline
	Optional
	
	
	Baseline
	Optional
	
	

	
	Mean PC
	PC of 
5%-tile UE in PC CDF
	PC of 
50%-tile UE in PC CDF
	PC of 
95%-tile UE in PC CDF
	
	
	Mean PC
	PC of 
5%-tile UE in PC CDF
	PC of 
50%-tile UE in PC CDF
	PC of 
95%-tile UE in PC CDF
	
	

	Always On
	116.76
	108.24
	116.13
	127.31
	3.93/4
	3.95/4
	115.19
	107.43
	114.42
	126.9
	3.97/4
	3.99/4

	Legacy CDRX
	DRX (8,6,6)
	111.36
	98.98
	109.41
	127.46
	3.72/4
	3.81/4
	109.67
	98.19
	107.4
	126.03
	3.80/4
	3.89/4

	
	DRX (16,4,14)
	112.99
	102.69
	111.63
	126.18
	3.82/4
	3.89/4
	111.58
	101.94
	109.78
	125.95
	3.84/4
	3.93/4

	w/
eDRX
	DRX (8,6,6)
	108.36
	98.04
	107.36
	121.26
	3.83/4
	3.9/4
	103.05
	93.34
	102.26
	116.97
	3.97/4
	3.99/4

	
	DRX (16,4,14)
	111.43
	102.32
	110.63
	123.13
	3.89/4
	3.93/4
	105.55
	97.76
	104.77
	117.26
	3.97/4
	3.99/4



On the other hand, XR media may include multiple flows, each of which may have different periodicity and requirement. Hence, a given DRX configuration may not adapt well to the characteristics of multiple flows. To this end, multiple DRX configurations can be activated to address the issue.

Proposal 2: RAN1 studies multiple active DRX configurations to support XR traffic with multiple flows.
3. Jitter handling
Jitter may cause extra delay to XR traffic or extra power consumption, depending on Jitter range and CDRX configuration. Jitter can be compensated if ON duration of long-DRX cycle can be configured to cover the jitter range. However, just configuring a longer ON duration may increase power consumption due to PDCCH monitoring activity over a longer ON duration.
In our view, Rel17 PDCCH monitoring adaptation solution can be considered as starting point. For example, inside the ON duration, UE could start with sparse PDCCH monitoring, and once traffic is scheduled, UE could switch to frequent monitoring, such as based on scheduling DCI indication.
On the other hand, dynamic adaptation/start of ON duration by LP WUS (e.g., sequence based) can be considered. However it may depend on outcome of LP WUR study, whether LP WUS is applicable in connected mode or not.
Proposal 3: For jitter handling, Rel17 PDCCH monitoring adaptation solution can be considered as starting point. 
· UE could start with sparse PDCCH monitoring, and once traffic is scheduled, UE could switch to frequent PDCCH monitoring
Proposal 4: Discussion on support LP WUS for XR power saving may depend on outcome of LP WUR study, whether LP WUS is applicable in connected mode or not.
4. PDCCH monitoring enhancements
Similar to the discussion in previous section, PDCCH monitoring activity should be concentrated over a window where XR packet arrival is expected. However, non-integer PDCCH monitoring periodicity is not supported till Rel-17. Hence, some adaptation to PDCCH monitoring periodicity, such as shown in Figure 2, can be considered so that UE could receive the scheduling DCIs during the monitoring window only.
[image: ]
Figure 2: PDCCH monitoring window should include expected XR packet arrival occasions.
However, Rel-17 schemes including both PDCCH skipping and SSSG switching, offers good flexibility in achieving different patterns of PDCCH monitoring adaptation, which in our view, can be adapted to XR traffic characteristics. An example is shown in Figure 3 on how Rel-17 solution can be applied.
· If PDCCH skipping is used only, scheduling DCI may indicate suitable skipping duration
· If SSSG switching is used, UE may be indicated to switch SSSG when adaptation in monitoring slot periodicity/offset is needed
 
[image: ]
Figure 3: Application of Rel-17 PDCCH monitoring adaptation solution for XR applications.

Observation 3: Rel-17 schemes including both PDCCH skipping and SSSG switching, offer good flexibility in achieving different patterns of PDCCH monitoring adaptation, which in our view, can be adapted to XR traffic characteristics. 

Proposal 5: Rel-17 PDCCH skipping and SSSG switching solutions should be considered as starting point for PDCCH monitoring enhancements.

On the other hand, it is imperative that UE enters sleep mode upon end of XR packet transmission. Currently, Rel-17 supports scheduling DCI based PDCCH skipping solution. It was discussed during Rel-17 that PDCCH skipping needs to consider retransmission. Since PDB of XR media can be short, it may not be desirable that retransmission is delayed since skipping starts from next slot of DCI reception. One option can be to support non-scheduling DCI providing the trigger for PDCCH skipping, i.e., when packet delivery is complete gNB can use a non-scheduling DCI to indicate PDCCH skipping so that UE can enter sleep state immediately. On the other hand, Rel-17 PDCCH monitoring adaptation solution does not support interaction of retransmission handling and PDCCH skipping. Since XR traffic is latency sensitive, there may be a need the PDCCH skipping starts after XR packet delivery is successfully completed. Instead of UE determining when to start PDCCH skipping such as based on outcome of ACK or NACK, we think it is much cleaner solution if gNB explicitly indicates PDCCH trigger with immediate effect. To this end, we think non-scheduling DCI also helps with protecting retransmissions.
Proposal 6: RAN1 considers supporting non-scheduling DCI to trigger PDCCH monitoring enhancements.
5. Conclusions
In this contribution, we discuss the potential enhancements for XR power saving. The following proposals and observations are provided. 
Observation 1: For DRX (8, 6, 6), 6% (4.4%) and 2.7%  (3%) power saving gain (capacity gain) are observed with C-DRX alignment compared to legacy C-DRX for jitter OFF and jitter ON, respectively, for PDB 10ms.
Observation 2: Given XR traffic is periodic and DRX cycle is expected to be short for typical XR traffic periodicity, Rel-16 WUS does not seem to be a good fit for power saving for XR applications.

Proposal 1: RAN1 recommends semi-static solution for CDRX alignment with XR traffic periodicity 
· Consider configuration a periodic pattern of CDRX cycles such as consecutive DRX cycles with two DRX cycle values or start offset adjustment every N   DRX cycles
· Details of the design can be up to RAN2
Proposal 2: RAN1 studies multiple active DRX configurations to support XE media with multiple flows.
Proposal 3: For jitter handling, Rel17 PDCCH monitoring adaptation solution can be considered as starting point. 
· UE could start with sparse PDCCH monitoring, and once traffic is scheduled, UE could switch to frequent PDCCH monitoring
Proposal 4: Discussion on support LP WUS for XR power saving may depend on outcome of LP WUR study, whether LP WUS is applicable in connected mode or not.
Proposal 5: Rel-17 PDCCH skipping and SSSG switching solutions should be considered as starting point for PDCCH monitoring enhancements.
Proposal 6: RAN1 considers supporting non-scheduling DCI to trigger PDCCH monitoring enhancements.

Reference
[1] RAN1 # 110 Chairman Notes 
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