[bookmark: _Hlk7194408][bookmark: _Hlk110842847]3GPP TSG RAN WG1 #110			     R1-2207426
Toulouse, France, August 22nd  – 26th , 2022

Source:	NTT DOCOMO, INC.
Title:	Discussion on XR specific power saving techniques
[bookmark: Source]Agenda Item:	9.11.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
5G Extended Reality (XR) and Cloud Gaming (CG) devices are expected to be battery powered, further enhancements of XR power saving are considered important for Rel-18 and beyond. During the Rel-17 study item “Study on XR Evaluations for NR”, XR characteristics had been intensively studied and XR traffic was modelled as follows.
-	Non-integer periodicity (e.g., 16.66667ms)
-	Jitter (i.e., Quasi-periodic periodicity)
-	Multiple flows (e.g., video + audio/data)
-	Latency
-	Reliability
-	etc.
In the current specification, there are a lot of NR power saving techniques, such as DRX, wake-up signaling (WUS), cross-slot scheduling, PDDCCH skipping, search space set group (SSSG) switching, and so on. Therefore, as captured in SID [1], Rel-18 XR power saving techniques are motivated to address the XR-specific issues to accommodate XR-specific service characteristics.  
In this paper, we will study potential enhancements for power saving techniques for XR with a focus on C-DRX enhancements and PDCCH monitoring enhancements.

2. Discussion
2.1.  CDRX enhancements
2.1.1. Non-integer XR traffic
In RAN1#109-e [2], the following agreement was made for C-DRX enhancements.

	Agreement
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.
Note 1: Other considerations are not precluded
Note 2: It can also be adopted for addressing issue 1-1
Note 3: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group.
Additional details can be found in R1-2205411.



One of the issues is misalignment between C-DRX cycle and XR traffic periodicity. The generation of XR traffic is characterized as quasi-periodic and it has non-integer periodicity (e.g., 33.33, 16.67, 11.11, 8.33 ms corresponding to 30, 60, 90, 120 fps, respectively). However, in the current specification, C-DRX cycle can only be configured with integer number of slots (i.e., 1 ms). Thus, starting point of DRX On duration cannot be aligned with each XR DL traffic. Figure 1 illustrates the mismatch issue between XR DL traffic with 60 fps and 16 msec DRX cycle. From the figure, it can be observed that the packets would arrive outside DRX On duration and this mismatch would lead to larger latency to wait for the next DRX On duration window. To address this problem, some enhancements can be considered. 
A straightforward way is to configure multiple DRX cycle in semi-static pattern. As shown in Figure 2, it is observed that DRX cycle pattern of {16 ms, 17 ms, 17 ms} would be beneficial to match XR DL traffic every three C-DRX cycles. The semi-static configuration would have less specification impact. However, if we need more flexibility, dynamic DRX configuration can be implemented, e.g., by updating start-offset via DCI based indication. In this approach, NW may need to calculate and configured reasonable start-offset in advance. The potential drawback from DCI based solution is signaling overhead.

[image: ]
Figure 1: Mismatch between XR DL traffic and DRX cycles 
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Figure 2: Semi-static DRX configuration of {16, 17, 17} ms 

Proposal 1: The following DRX configuration enhancements can be further studied to adjust misalignment between C-DRX cycle and XR traffic periodicity
· Semi-static DRX configuration (e.g., predefined patterns of multiple C-DRX cycles) 
· DCI based DRX enhancements (e.g., adjusting start-offset via DCI indication)

2.1.2. Jitter Issue
Another XR-specific issue is how to handle jitter. In Rel-17 XR SI [3], RAN1 agreed that jitter characteristic for XR traffic follows truncated Gaussian distribution with [-4, 4] ms (baseline) or [-5, 5] ms (optional). From uncertainty of packet arrival due to the jitter, packets would arrive outside DRX On duration and it may cause scheduling delay. In order to solve the jitter issue, one of the simple solutions may be to increase PDCCH monitoring occasions by increasing drx-onDurationTime. This means that UE needs to be awake for longer periods of DRX On duration (i.e., 8 ms or 10 ms) and it would bring extra UE power consumption. 
If the information of XR traffic characteristic is delivered to NW from the XR services, NW may assume that a packet always arrives within a cycle of XR traffic periodicity. In the case, when UE receives the packet correctly within a C-DRX cycle, UE may terminate PDCCH monitoring after the packet reception within the certain C-DRX cycle. In this way, UE power consumption from longer DRX On duration can be avoided (Figure 3 (a)).
If we try to keep DRX cycles short, another approach can be considered by introducing dynamic adjustment of C-DRX configuration. For example, if a packet arrives later than the end of DRX On Duration (i.e., UE cannot receive any packets correctly in the certain DRX ON duration), additional PDCCH monitoring occasion can be activated to wait late packet arrival. For another example, WUS can be introduced to indicate UE to wake up early before the next ON duration (Figure 3 (b)). These enhancements may be beneficial to reduce UE power consumption while keeping DRX On duration short. However, it may result in the similar effect to configure dense and short DRX cycles in terms to have enough opportunities to monitor PDCCH by UE. Therefore, possible solutions to handle jitter need to be studied and compared carefully with the existing DRX configurations.
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 (a) Early termination of DRX On duration                   (b)  Dynamic adjustment of C-DRX starting time
Figure 3: Two approaches to handle jitter issue 

Proposal 2: Further study the following directions for C-DRX enhancements to handle jitter.
· Early termination of DRX On duration timer
· Dynamic adjustment of C-DRX starting time

2.2.  PDCCH monitoring enhancements
The agreement from the previous meeting is as follows.
	Agreement
For power saving study of Rel-18 XR SI, PDCCH monitoring enhancements to evaluate in this study item are to be selected from the following
· Low priority Issue 2-1: Alignment between PDCCH monitoring and XR traffic to resolve the mismatch between PDCCH monitoring periodicity and XR traffic periodicity. 
· Note: some companies think Rel-17 PDCCH monitoring adaptation can solve issue 2-1 or achieve similar intended outcome
· Note: Solutions proposed for Issue 2-1 and those proposed for Issue 1-1 are motivated by the same issue, namely non-integer XR traffic periodicity. It is to be studied how they compare in in terms of power saving gain and capacity, (a) solutions proposed for Issue 1-1; (b) solutions proposed for Issue 2-1.
· Low priority Issue 2-2: XR-dedicated PDCCH monitoring window to supplement CDRX for multi-flow traffic. 
· Note: some companies think Rel-17 PDCCH monitoring adaptation can solve issue 2-2 or achieve similar intended outcome
· Note: Solutions proposed for Issue 2-2 and those proposed for Issue 1-3 are motivated by the same issue, namely multiple XR traffic flows. It is to be studied how they compare in in terms of power saving gain and capacity, (a) solutions proposed for Issue 1-3; (b) solutions proposed for Issue 2-2.
· High priority Issue 2-3: Enhancements to Rel-17 PDCCH monitoring adaptation. 
· Note: Discussion on some enhancements may depend on the outcome of Rel-17 PDCCH monitoring adaptation maintenance
· Note: The study on enhancement to R17 PDCCH monitoring adaptation should focus on the techniques that are used for addressing XR-specific issues, e.g., jitter
Note 1: Other considerations are not precluded
Note 2: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group.



Similar to the Section 2.1, there is a mismatch issue between search space set and XR traffic. Basically, we consider that existing schemes (e.g., SSSG switching, PDCCH skipping, WUS, etc.) can cover a variety of use cases. Taking jitter issues as an example, we can configure longer DRX On duration to be enough to cover the jitter distribution of XR traffic. In the case, XR data reception does not have any matter. Due to the large jitter range (e.g., 8 ms), UE would need to be awake for a long duration and UE power consumption may be an issue. However, by using PDCCH skipping, gNB can indicate to skip some PDCCH monitoring according to XR traffic characteristics to reduce UE power consumption. In the sense, Rel-17 PDCCH monitoring adaptation can be baseline for Rel-18 PDCCH monitoring enhancements. Since Rel-17 PDCCH monitoring adaptation is based on dynamic DCI signaling, signaling overhead may also be an issue. In addition, PDCCH monitoring may not have sufficient flexibility to cope with a various of XR service type (XR/AR/GC, single/multi-streams, etc.). Therefore, we can study possible enhancements to Rel-17 PDCCH monitoring adaptation features.

Proposal 3: Rel-17 PDCCH monitoring adaptation can be baseline for Rel-18 PDCCH monitoring enhancements.

3. Conclusion
In this contribution, we have discussed power saving techniques for XR and propose the following:

Proposal 1: The following DRX configuration enhancements can be further studied to adjust misalignment between C-DRX cycle and XR traffic periodicity
· Semi-static DRX configuration (e.g., predefined patterns of multiple C-DRX cycles) 
· DCI based DRX enhancements (e.g., adjusting start-offset via DCI indication)

Proposal 2: Further study the following directions for C-DRX enhancements to handle jitter.
· Early termination of DRX On duration timer
· Dynamic adjustment of C-DRX starting time

Proposal 3: Rel-17 PDCCH monitoring adaptation can be baseline for Rel-18 PDCCH monitoring enhancements.
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