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1. Introduction
In the RAN1 #110 [1], the following agreements were made on XR specific power saving techniques.

	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.

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.

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 paper, we will study potential enhancements for XR power saving techniques for XR with a focus on CDRX enhancements and PDCCH monitoring enhancements.

2. Discussion
2.1.  CDRX enhancements
2.1.1. Periodicity Alignment between CDRX and XR Traffic
Since CDRX cycle can only be configured with integer number of slots (i.e., 1 ms) in the current specification, starting point of DRX On duration cannot be aligned with non-integer periodicity of XR DL traffic (e.g., 16.67 ms). Figure 1 illustrates the mismatch issue between XR DL traffic with 60 fps and 16 msec DRX cycle. 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 CDRX cycles. As another approach, we can introduce rational number of DRX cycle which is rounded up or down to nearest integer number to match non-integer XR periodicity. These semi-static configurations may 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 dynamic approach, NW may need to calculate and configured reasonable start-offset in advance and it may increase NW signaling overhead.
Based on the above discussion, we consider that CDRX enhancements can be further studied both on semi-static and dynamic approaches.
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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: For CDRX enhancements to align with XR traffic periodicity, the following approaches can be further studied.
· Semi-static DRX configuration (e.g., predefined patterns of multiple CDRX cycles) 
· DCI based DRX enhancements (e.g., adjusting start-offset via DCI indication)

2.1.2. Jitter Handling for CDRX
In Rel-17 XR SI [2], 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 this issue, the simplest solution 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 CDRX cycle, UE may terminate PDCCH monitoring after the packet reception within the certain CDRX 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 CDRX 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 CDRX enhancements to handle jitter.
· Early termination of DRX On duration timer
· Dynamic adjustment of CDRX starting time

2.1.3. Multiple active DRX configuration
As identified in Rel-17 XR study [2], XR services may have multiple traffic flows which have different characteristics and requirement (e.g., packet size, jitter, PDB, etc.). From the agreement aAs described in Section 1, RAN made a conclusion to explore possible solutions to make alignment on CDRX cycle with XR traffic periodicity. Since only one CDRX configuration can be configure on a cell in the current specification, some enhancements may need to be identified for multiple traffic scenarios. To solve this problem, multiple active CDRX configuration was proposed from several companies [3]. Obviously, multiple active CDRX configuration may have benefit to cope with multiple traffic flow, however its performance benefits are still unclear. In addition, Rel-17 PDCCH adaptation with single active CDRX configuration may provide reasonable performance even in the case with multiple traffic flows. Thus, we made the following proposal.

Proposal 3: Multiple active CDRX configurations for multiple traffic flows should be further studied in comparing with existing schemes (e.g., WUS, PDCCH skipping and/or SSSG switching).

2.2.  PDCCH monitoring enhancements
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. However, 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. 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.
In Rel-17 PDCCH skipping, PDCCH monitoring can be skipped only by a scheduling DCI. Since UE starts to skip PDCCH monitoring only right after the next slot of PDCCH reception, there is no chance to request quick retransmission. In Rel-17 power saving WI, this issue was discussed and the following conclusion was made in the last meeting. 
	Conclusion
For Rel-17, RAN1 has no consensus in whether UE resumes monitor of PDCCH during skipping duration (i.e., PDCCH skipping is cancelled) when DRX Retransmission timer DL/UL is started.  



Considering stringent delay requirement of XR applications, this issue can also be disused in Rel-18 XR SI. Possible solution is that UE can resume PDCCH monitoring if any NACK is transmitted (i.e., PDCCH skipping is partially or fully cancelled). Alternatively, non-scheduling DCI to trigger PDCCH skipping can be introduced so that gNB can indicate PDCCH skipping after completion of a packet delivery. 

Proposal 4: Rel-17 PDCCH monitoring adaptation can be baseline for Rel-18 PDCCH monitoring enhancements.
Proposal 5: Study PDCCH skipping enhancements triggered by non-scheduling DCI.

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

Proposal 1: For CDRX enhancements to align with XR traffic periodicity, the following approaches can be further studied.
· Semi-static DRX configuration (e.g., predefined patterns of multiple CDRX cycles) 
· DCI based DRX enhancements (e.g., adjusting start-offset via DCI indication)
Proposal 2: Further study the following directions for CDRX enhancements to handle jitter.
· Early termination of DRX On duration timer
· Dynamic adjustment of CDRX starting time
Proposal 3: Multiple active CDRX configurations for multiple traffic flows should be further studied in comparing with existing schemes (e.g., WUS, PDCCH skipping and/or SSSG switching).
Proposal 4: Rel-17 PDCCH monitoring adaptation can be baseline for Rel-18 PDCCH monitoring enhancements.
Proposal 5: Study PDCCH skipping enhancements triggered by non-scheduling DCI.
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