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1. [bookmark: _Toc120549591]Introduction
In last RAN1 meeting, the following agreements and conclusion are made:
Agreement:
Rel-17 evaluation methodology for XR power saving captured in TR 38.838 is used as the baseline evaluation methodology for UE power evaluation of Rel-18 SI on XR enhancements.
Agreement:
Companies are encouraged to compare performance of the following Rel-15/16/17 features with the proposed enhancements for Rel-18 XR power saving evaluations. Power saving gain is calculated w.r.t. the AlwaysOn baseline. 
· Rel-15/16 CDRX including long DRX cycle, short DRX cycle and DRX command MAC CE and DCP
· Rel-17 PDCCH adaptation including PDCCH skipping and SSSG switching
Note: up to companies to report the configuration of the Rel-15/16/17 features
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.
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. 
Agreement:
For Rel-18 XR power saving enhancements, RAN1 further discusses by RAN1 #110 whether the issues below are to be addressed, and if so, which solutions should be selected for evaluation in this study item. These issues are low priority.
· Issue 3-1: Misaligned UE transmission and reception. 
· Issue 3-2: Power saving by XR-aware scheduling.
· Note 1b: XR SI objective has XR-awareness in RAN listed as a specific topic of RAN2 study
· Issue 3-3: Unnecessary data transmission in allocated resources. 
Note 1: Rel-18 XR SI objective only has CDRX enhancements and PDCCH monitoring enhancements explicitly listed as focus of RAN1 study
Note 2: Other considerations are not precluded
Conclusion
· If no evaluation result is provided by any company for an issue, the issue is deprioritized. The issue and proposed enhancements for the issue will not be captured by RAN1 in TR 38.835.
· If no evaluation result is provided by the proponent company for a proposed enhancement, the proposed enhancement is deprioritized. The proposed enhancement will not be captured by RAN1 in TR 38.835.
· If multiple enhancement techniques are proposed for the same issue, there can be down selection among them for the consideration of candidate enhancement for study item recommendation by RAN1 at least based on performance (power saving and capacity), spec impact, signaling overhead and implementation complexity.
· Companies are encouraged to provide detailed information for both the proposed enhancement and the existing power saving features used as the performance reference so that the evaluation results for both can be reproduced by other companies.
· When using existing power saving features as the performance reference, companies are encouraged to configure the existing power saving features to achieve the best performance.
· For evaluation of a proposed enhancement and evaluation of the existing power saving features as performance reference, companies are encouraged to provide the high load case (as defined in TR 38.838, Section A.2) results. Results for low load case can also be reported optionally.
In this contribution, some potential XR-specific power saving techniques will be discussed.
2. Discussion
2.1 C-DRX enhancement
2.1.1 High priority Issue 1-1: Alignment between CDRX and XR traffic
In current NR design, one UE can only be configured with one or two unicast DRX configurations with a single set of parameters, including the DRX cycle, on duration timer and so on which all are configured with the granularity of millisecond. For XR service, considering the non-integer and quasi-periodic service periodicity, the fixed DRX ON duration starting point cannot be aligned with each XR DL traffic arrival time, which causes unnecessary PDCCH monitoring if the DL traffic arrives after the DRX ON or service delay if the DL traffic arrives before the DRX ON.
Some enhanced DRX schemes can be used for XR service to solve this problem. The first scheme is to configure multiple DRX cycles which to be used in a round, e.g., three DRX cycles including 16ms, 17ms, 17ms to be used in a round which can align with 60fps XR traffic.


Figure 1. Multiple DRX cycles which used in a round
Another scheme is to configure multiple DRX ON starting offsets to align with XR traffic, e.g., drx-SlotOffset in one DRX configuration and UE needs to start drx-onDurationTimer more than once in one DRX cycle. Figure 2 is an illustraction which the DRX cycle is 50ms and three drx-SlotOffset values are configured including 0ms, 16ms and 33ms which can achieve the same PDCCH minotiring oaccasion pattern as Figure 1.


Figure 2. Multiple drx-StartOffset values in one DRX cycle
Proposal 1. The following enhanced DRX schemes can be considered for alignment between CDRX and XR traffic:
· [bookmark: _Hlk109808399]Scheme #1: Configure multiple DRX cycles which used in a round;
· Scheme #2: Configure multiple drx-StartOffset values in one DRX cycle.
2.1.2 High priority Issue 1-2: Jitter handling
Due to variable video encoding time, network transfer time, etc, XR traffic arrival at gNB may have unpredictable jitter. If traffic arrives during DRX non-active time, the UE shall wait for the packet transmission until “on Duration” of the next DRX cycle, which increases the latency for the packet transmission as in Figure 3(A). To minimize the impact of jitter, the DRX Active Time should be aligned with actual DL traffic arrival time as much as possible. One implementation method is configuring a larger drx-onDurationTimer to cover the time range of jitter as in Figure 3(B), but it will bring extra PDCCH monitoring power consumption. 


Figure 3. Illustration of jitter and implementation method to configure larger drx-onDurationTimer
One enhanced scheme to handle jitter is gNB using a new DCI signalling to extend the DRX ON at the end the original drx-onDurationTimer to provide additional PDCCH monitoring opportunities if data arrives late which is illustrated as in Figure 4. In this scheme, gNB can configure a proper original drx-onDurationTimer to cover most jitter distributions, e.g., for jitter with 2ms STD and [-4, 4]ms truncation range, the original drx-onDurationTimer can be configured as 4ms to cover almost 70% jitter distribution. If the data arrival is beyond the original drx-onDurationTimer, gNB can use this new DCI to extend the DRX ON. Since the probability of jitter beyond the original drx-onDurationTimer is small, the total power consumption of this scheme is reduced compared with the implementation method in Figure 3(B). In addition, there are several ways of the DCI indication content design to realize the extention of DRX ON, e.g., DCI to indicate a new extended drx-onDurationTimer value or indicate UE to restart drx-onDurationTimer. 


Figure 4. DCI to indicate the DRX ON
Proposal 2. A new DCI can be used to indicate UE the extension of DRX ON at the end of DRX ON to handle XR jitter, e.g., indicate a new extended drx-onDurationTimer value or indicate UE to restart drx-onDurationTimer.
For data arrives before DRX ON, gNB can also use signalling to indicate UE to wake up before the next DRX cycle instead of waiting for data transmission until next on duration time as in Figure 5. For example, a new "Early Wake-up Indication" DCI filed can be carried in DCI format 2_6 and UE can monitor PDCCH after receiving the "Early Wake-up Indication" to reduce the service latency. Furthermore, if DL data arrives earlier than the expected arrival time and no more data is expected to be sent on the next DRX cycle, gNB can indicate UE to wake up early by the "Early Wake-up Indication" field and not to start the next on duration timer by the “Wake-up Indication field” in DCI format 2_6. As the DCI for the data is sent during the “Early active time” and the duration of which is expected to be shorter than that of “on Duration”, the overall UE power consumption will be reduced.

Figure 5. Enhanced WUS to indicate UE early wake up before next DRX ON
Proposal 3. A new DCI field in DCI format 2_6 can be used to indicate UE whether to wake up early from DRX ON to handle XR jitter.
2.2 PDCCH monitoring enhancement
2.2.1 High priority Issue 2-3: Enhancements to Rel-17 PDCCH monitoring adaptation
In Rel-17, both PDCCH skipping and SSSG switching are supported for licensed band to save PDCCH monitoring power consumption, but PDCCH skipping can only be applied in DRX active time. Considering for some XR service with multiple flows or dense traffic arrival rate, it may not suitable to always configure DRX to realize fixed PDCCH monitoring occasions. Therefore, the PDCCH skipping can be extended to non-DRX scenario which can also facilitate the adaptive PDCCH monitoring to align with XR DL traffic more accurately.
Proposal 4. PDCCH skipping can be considered to be applied when DRX is not configured to save PDCCH monitoring power consumption.
In addition, only scheduled DCI is supported as the PDCCH skipping and SSSG switching indication DCI in Rel-17. Considering the jitter of XR service, the current PDCCH skipping duration candidates may not be sufficient. One possible solution is to extend the PDCCH skipping duration candidates and the bitlength of PDCCH skipping indication, but this will cause the increase of DCI size. Thus, non-scheduling DCI can also be considered as the PDCCH monitoring adaptation indication, for example, repurpose some fields in DL/UL grant as the PDCCH skipping or SSSG switching indication.
Proposal 5. Non-scheduling DCI can also be considered as PDCCH skipping and SSSG switching indication, e.g., repurpose some fields in DL/UL grant.
3. Conclusions
In this contribution, some potential XR-specific power saving techniques are discussed, and the following proposals are made.
Proposal 1. The following enhanced DRX schemes can be considered for alignment between CDRX and XR traffic:
· Scheme #1: Configure multiple DRX cycles which used in a round;
· Scheme #2：Configure multiple drx-StartOffset values in one DRX cycle.
Proposal 2. A new DCI can be used to indicate UE the extension of DRX ON at the end of DRX ON to handle XR jitter, e.g., indicate a new extended drx-onDurationTimer value or indicate UE to restart drx-onDurationTimer.
Proposal 3. A new DCI field in DCI format 2_6 can be used to indicate UE whether to wake up early from DRX ON to handle XR jitter.
Proposal 4. PDCCH skipping can be considered to be applied when DRX is not configured to save PDCCH monitoring power consumption.
Proposal 5. Non-scheduling DCI can also be considered as PDCCH skipping and SSSG switching indication, e.g., repurpose some fields in DL/UL grant.
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