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A new Rel-18 Study Item for XR enhancements in NR has been approved in RAN#94. Three main topics are to be studied in RAN1 and RAN2: XR-awareness, XR-specific power saving, and XR-specific capacity improvements.
As clarified in [1] ,the study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
The objectives of the Study Item include: 

· 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 this Tdoc, we discuss XR-specific Power saving enhancements. 

C-DRX Enhancement
Mismatch between the C-DRX and XR traffic periodicity
In RAN1#110bis-e [3], the following agreement has been made:

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



The dynamic solutions have not been totally excluded so far as the dynamic solutions could be useful in combining C-DRX periodicity alignment due to the different XR traffic periodicity with correction of the drift due to the jitter. However, according to the reply LS from SA4 to SA2 [2], it seems the jitter range/statistics awareness in RAN is not feasible in Rel-18 considering lack of study from SA4. Hence, dynamic solutions can be excluded from the FFS. 

Proposal 1: Dynamic solutions are not needed for the enhancement of CDRX to align with XR traffic periodicity


We propose to align the C-DRX periodicity with the XR traffic periodicity using a semi-static solution by periodically correcting for the time offset or aperiodically correcting when the drift risks to bring the arrival time outside of the C-DRX On-Duration.

We prefer to keep the legacy approach by re-using the 38.321 equation with some modification. The equation should remain backward compatible for example by allowing the network to set some parameters to zero or skip the configuration of some parameters to fall-back to the legacy equation. This gives better flexibility at the network side and minimize the implementation changes at both the UE and the network sides. Also, this allows to adopt a single a solution for all sort of traffics.  
In the MAC specification [TS 38.321], the formulas to start On-Duration timer are:
· For long DRX cycle: [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset, where SFN is the current System Frame Number, and the subframe number is the current subframe number.
· For short DRX cycle: [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle).
We propose two possible solutions to update the above formulas:

· Solution 1: 
In this solution, we adjust the drift every fixed number of C-DRX cycles and we adjust with a fixed offset. For example, for a Frame Rate =  (33.33 ms periodicity) and drx-Cycle = 32, we will adjust every 3 cycles with an offset equal to 4. 

We propose to introduce three new parameters: 
· drx-CyclesAdjust: number of cycles to apply a correction shift
· drx-CyclesOffset: the value of the offset to apply every drx-CyclesAdjust cycles
· drx-CorrectionCounter: A counter to apply the offset
And apply the following algorithm:
1. Increment the counter: 
drx-CorrectionCounter = 0; 
if (([(SFN × 10) + subframe number] modulo [(drx-CorrectionCounter + 1) × drx-CyclesAdjust × drx-Cycle] = drx-CorrectionCounter × drx-CyclesOffset ) && [(SFN × 10) + subframe number - drx-StartOffset > 0 ]  )
drx-CorrectionCounter = drx-CorrectionCounter + 1; 

2. Start of On-Duration:
[(SFN × 10) + subframe number] modulo (drx-Cycle) = (drx-StartOffset + [drx-CorrectionCounter × drx-CyclesOffset]) modulo (drx-Cycle), where SFN is the current System Frame Number, and the subframe number is the current subframe number.

The formulas are evaluated in Appendix case-1 and case-2. 
Introducing a drx-Cycle = 33 can further reduce the residual error as shown in in Appendix case-3. 

gNB can use the frame rate irreducible fraction to determine drx-CyclesAdjust and drx-CyclesOffset. 
e.g. if Frame Rate =  and drx-Cycle = 32:
· 
· drx-CyclesAdjust = 3 
· drx-CyclesOffset = 100 - drx-CyclesAdjust × drx-Cycle = 4
The advantage of Solution 1 is that it allows to correct the drift by adding a fixed offset every fixed number of cycles. The solution is simple, predictable and requires only an RRC signalling to the UE of two extra parameters drx-CyclesAdjust and drx-CyclesOffset. 

· Solution 2: 
 In solution 2, we take the C-DRX On-Duration time into consideration. Basically, if the traffic arrival time is within the On-Duration there is no need to correct the drift between the XR traffic arrival and the C-DRX cycles. The formula can be written as: 
[(SFN × 10) + subframe number] modulo (drx-Cycle) = (drx-StartOffset + floor(m × d)) modulo (drx-Cycle)

The m is increased by 1 every n drx-Cycles and d = n × (xr_periodicity - drx-Cycle). The n can be given by gNB or a pre-defined value. 

The formula is evaluated in Appendix case-4.

The advantage of this solution is that we correct the drift only when needed and there is no need to correct as long as the expected arrival time is still within the On-Duration.


Proposal 2: Support the adjustment of drx-StartOffset to align C-DRX cycles and XR traffic periodicity.

Proposal 3: Re-use the 38.321 equation with some modification for the start of On-Duration timer . 
C-DRX Enhancement to handle the jitter 

Multiple solutions have been proposed for C-DRX enhancement to address the jitter:

· Two stages C-DRX On-Duration: PDCCH monitoring adaptation compared to the two stage C-DRX On-Duration can achieve the desired behaviour. The evaluation results [4] show no additional power saving gain compared to the Rel-17 PDCCH monitoring adaptation. Hence, we support de-prioritizing this enhancement. 

Proposal 4: RAN1 does not further study two stages C-DRX On-Duration

· Early termination of DRX On-Duration based on Inactivity timer expiry: Rel-17 PDCCH skipping can also achieve similar behaviour. Also, XR awareness about the start of the video frame is needed to avoid false alarm if a non-video traffic is received before the start of the XR traffic. Hence, we support de-prioritizing this enhancement.

Proposal 5: RAN1 does not further study early termination of DRX On-Duration based on Inactivity timer expiry.


· Additional DRX active time: DCI based extension of the DRX active time is very beneficial. The gNB can configure the UE with small DRX On-Duration and can extend it with DCI if the traffic is arriving late. This allows for UE power saving by using small DRX On-Duration. PDCCH skipping can achieve similar behaviour if we can configure DRX On-Duration that can be large enough to span the range of the jitter. However, according to the reply LS from SA4 to SA2 [2],  the jitter range wouldn’t be available for the RAN to be aware of.  

Proposal 6: Support DCI based DRX active time extension.


C-DRX Enhancement for multiple XR traffic flows
XR traffic is composed of multiple data flows, like video, audio, pose/control information, haptic, etc. These flows have different traffic characteristics (periodicities, offsets, packet sizes, etc.) and different QoS requirements. 
The adoption of multiple simultaneously active C-DRX configurations to support the multi-flow XR traffic has been discussed in RAN1#110bis-e. The main motivation is to reduce the UE power consumption by having a dedicated and optimized C-DRX configuration per XR traffic flow. For example, different C-DRX configurations could be configured for video, audio, haptic flows.  

Power saving gain has been shown in multiple contributions during the RAN1 Study by using multiple active C-DRX configurations for the different XR flows ( video, audio, …) instead of using a single C-DRX configuration for all traffics. 


Proposal 7: Capture in the TR evaluation results on multiple active CDRX configurations.

Dynamic Adaptation of C-DRX Configuration
The dynamic adaptation of the C-DRX configuration parameters consists of dynamically adjusting On-Duration, Inactivity Timer, Start Offset.
Although this technique can help address the jitter and the periodicity alignment issues, it may require the network to have instantaneous or a priori knowledge about the jitter of the traffic burst arriving in the next C-DRX occasion. This requires the network to have instantaneous information from the XR server /video codec about the jitter or the network to do jitter prediction.

However, according to the reply LS from SA4 to SA2[2], the jitter may vary during operation depending on cloud encoder load, content complexity, and many other factors. SA4 informed that they don’t have a study nor any requirements on the performance of video encoders in real-time XR services. Hence, jitter information awareness seems difficult to have in RAN at this stage without further study in SA4. 

Observation 1: Jitter range/statistics awareness in RAN is not feasible in Rel-18 considering lack of study from SA4. 

Some solutions however can achieve dynamic adaptation without the need for jitter awareness like using DCI signalling to increase or decrease the length of C-DRX active time. This allows the network to configure conservative C-DRX On-Duration and increase it when needed if the jitter is large and the traffic is arriving late. Hence, better power saving can be achieved at the UE. 


Proposal 8: Netowrk dynamically adjusts the C-DRX active time per cycle (e.g. via DCI) to address the jitter and achieve UE power saving.  


PDCCH Monitoring Enhancements

Single DCI scheduling multi-PDSCHs could be supported for TDD. Single DCI scheduling multi-PDSCHs can bring power saving gain in TDD mode where the UE can stop monitoring PDCCH after the reception of the single DCI till the DL slot following the next UL slot, hence saving PDCCH monitoring power without impacting the system performance. The motivation is that the UE cannot report HARQ-ACK feedback till the next UL slot and therefore the gNB cannot schedule any retransmissions in the meantime. The gNB can schedule all the DL data in the first DL slot and signal to the UE to skip DCI monitoring till the next DL slot after the UL slot. 
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The same applies in UL for PUSCH, single DCI scheduling multi-PUSCHs, can schedule all the UL data at once and the UE can stop monitoring for PDCCH since the UL data cannot be transmitted anyway till the next UL slot. 


Proposal 9: Support Single DCI scheduling multi-PDSCHs/PUSCHs in TDD mode for UE power saving. 

Conclusion
In this contribution, we have presented several potential enhancements for the XR service that could be studied and explored further to enable better XR power saving on 5G.
We made the following proposals and observations: 

Proposal 1: Dynamic solutions are not needed for the enhancement of CDRX to align with XR traffic periodicity
Proposal 2: Support the adjustment of drx-StartOffset to align C-DRX cycles and XR traffic periodicity.
Proposal 3: Re-use the 38.321 equation with some modification for the start of On-Duration timer . 
Proposal 4: RAN1 does not further study two stages C-DRX On-Duration
Proposal 5: RAN1 does not further study early termination of DRX On-Duration based on Inactivity timer expiry.
Proposal 6: Support DCI based DRX active time extension.
Proposal 7: Capture in the TR evaluation results on multiple active CDRX configurations.
Observation 1: Jitter range/statistics awareness in RAN is not feasible in Rel-18 considering lack of study from SA4. 
Proposal 8: Netowrk dynamically adjusts the C-DRX active time per cycle (e.g. via DCI) to address the jitter and achieve UE power saving.  
Proposal 9: Support Single DCI scheduling multi-PDSCHs/PUSCHs in TDD mode for UE power saving. 
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· Solution 1:
· Case 1: 
· Frame Rate = 30 fps 
· drx-Cycle = 32
· drx-CyclesAdjust = 3 
· drx-CyclesOffset = 4
	Traffic Arrival
	start on-duration
from the proposed formula
	Residual Error

	33.3333
	32
	1.33333

	66.6667
	64
	2.66667

	100
	100
	0

	133.333
	132
	1.33333

	166.667
	164
	2.66667

	200
	200
	0

	233.333
	232
	1.33333

	266.667
	264
	2.66667

	300
	300
	0

	333.333
	332
	1.33333

	366.667
	364
	2.66667

	400
	400
	0

	433.333
	432
	1.33333

	466.667
	464
	2.66667

	500
	500
	0

	533.333
	532
	1.33333

	566.667
	564
	2.66667

	600
	600
	0

	633.333
	632
	1.33333

	666.667
	664
	2.66667

	700
	700
	0

	733.333
	732
	1.33333

	766.667
	764
	2.66667

	800
	800
	0

	833.333
	832
	1.33333

	866.667
	864
	2.66667

	900
	900
	0

	933.333
	932
	1.33333

	966.667
	964
	2.66667

	1000
	1000
	0

	1033.33
	1032
	1.33333


· Case 2: 
· Frame Rate = 60 fps 
· drx-Cycle = 16
· drx-CyclesAdjust = 3 
· drx-CyclesOffset = 2
	Traffic Arrival
	start on-duration
from the proposed formula
	Residual Error

	16.6667
	16
	0.66667

	33.3333
	32
	1.33333

	50
	50
	0

	66.6667
	66
	0.66667

	83.3333
	82
	1.33333

	100
	100
	0

	116.667
	116
	0.66667

	133.333
	132
	1.33333

	150
	150
	0

	166.667
	166
	0.66667

	183.333
	182
	1.33333

	200
	200
	0

	216.667
	216
	0.66667

	233.333
	232
	1.33333

	250
	250
	0

	266.667
	266
	0.66667

	283.333
	282
	1.33333

	300
	300
	0

	316.667
	316
	0.66667

	333.333
	332
	1.33333

	350
	350
	0

	366.667
	366
	0.66667

	383.333
	382
	1.33333

	400
	400
	0

	416.667
	416
	0.66667

	433.333
	432
	1.33333

	450
	450
	0

	466.667
	466
	0.66667

	483.333
	482
	1.33333

	500
	500
	0

	516.667
	516
	0.66667




· Case 3: 
· Frame Rate = 30 fps 
· drx-Cycle = 33
· drx-CyclesAdjust = 3 
· drx-CyclesOffset = 4
	Traffic Arrival
	start on-duration
from the proposed formula
	Residual Error

	33.3333
	33
	0.33333

	66.6667
	66
	0.66667

	100
	100
	0

	133.333
	133
	0.33333

	166.667
	166
	0.66667

	200
	200
	0

	233.333
	233
	0.33333

	266.667
	266
	0.66667

	300
	300
	0

	333.333
	333
	0.33333

	366.667
	366
	0.66667

	400
	400
	0

	433.333
	433
	0.33333

	466.667
	466
	0.66667

	500
	500
	0

	533.333
	533
	0.33333

	566.667
	566
	0.66667

	600
	600
	0

	633.333
	633
	0.33333

	666.667
	666
	0.66667

	700
	700
	0

	733.333
	733
	0.33333

	766.667
	766
	0.66667

	800
	800
	0

	833.333
	833
	0.33333

	866.667
	866
	0.66667

	900
	900
	0

	933.333
	933
	0.33333

	966.667
	966
	0.66667

	1000
	1000
	0

	1033.33
	1033
	0.33333





· Solution 2:
· Case 4: 
· Frame Rate = 30 fps
· drx-Cycle = 32
· On-Duration = 11ms
	Traffic Arrival
	start on-duration
from the proposed formula
	Residual Error

	33.3333
	32
	1.33333333

	66.6667
	64
	2.66666667

	100
	96
	4

	133.333
	128
	5.33333333

	166.667
	160
	6.66666667

	200
	192
	8

	233.333
	224
	9.33333333

	266.667
	256
	10.6666667

	300
	300
	0

	333.333
	332
	1.33333333

	366.667
	364
	2.66666667

	400
	396
	4

	433.333
	428
	5.33333333

	466.667
	460
	6.66666667

	500
	492
	8

	533.333
	524
	9.33333333

	566.667
	556
	10.6666667

	600
	600
	0

	633.333
	632
	1.33333333

	666.667
	664
	2.66666667

	700
	696
	4

	733.333
	728
	5.33333333

	766.667
	760
	6.66666667

	800
	792
	8

	833.333
	824
	9.33333333

	866.667
	856
	10.6666667

	900
	900
	0

	933.333
	932
	1.33333333

	966.667
	964
	2.66666667

	1000
	996
	4

	1033.33
	1028
	5.33333333
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