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1 Introduction
In RAN1 #110, power saving techniques for XR were discussed and the agreements captured in the following were taken [1]. 
In this contribution, we continue discussing 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.

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.




2 Discussion 
XR traffic has several unique characteristics that cause existing power saving solutions to be less effective. Some of these important characteristics are:

· Video traffic with non-integer periodicity
· Jitter in video flows

· Multiple traffic flows with different packet periodicity

The probabilistic component of the packet arrival rate and highly variable XR traffic pattern makes it necessary to look for enhancements on C-DRX and PDCCH monitoring reduction techniques. Below we propose several such mechanisms.
2.1 C-DRX enhancements

To align the DRX cycle to video traffic periodicity, several solutions have been proposed. Among the proposals, the most straightforward solution with smaller spec impact is to support non-integer DRX cycle values.

Proposal 1: Support non-integer DRX cycle values for XR.
The number and length of sleep opportunities within XR traffic are fewer compared to some other traffic types, e.g., FTP traffic, due to the multiple flows with different periodicities. A DRX cycle with parameters such as DRX onDuration timer, inactivity timer, etc. optimized for one flow may not be optimal for another flow. Therefore, multiple DRX cycles, one DRX cycle per flow shown in Figure 1, can be defined. In this case, each DRX cycle can be designed to match a specific traffic flow.
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Figure 1 Multiple DRX cycles for multiple flows
For optimal performance, the operation of the DRX cycles should be independent from each other. To achieve this, each DRX may be associated with a separate set of parameters and timers. For example, each DRX may be configured with a separate DRX onDuration timer, an inactivity timer, etc. As another enhancement, the set of search spaces monitored according to each DRX cycle may also potentially be different. 
Proposal 2: Support multiple DRX cycles and independent operation of DRXs.
2.2 PDCCH monitoring enhancements
Video traffic suffers from jitter which has a mean value of 4 ms but could be as high as 8 ms. When there is jitter, the exact arrival time of the packet is not known with certainty; data may arrive earlier or later than the starting point of the ON duration. In order not to miss the packets that arrive in the intervals corresponding to the jitter, a wider ON duration can be used as shown in Figure 2. This approach, however, causes the PDCCH being monitored for a longer duration, and therefore PDCCH monitoring reduction becomes necessary.
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Figure 2 onDuration extension due to jitter

PDCCH monitoring reduction schemes designed in Rel-17 such as skipping, and search space switching can be used for XR as well. If skipping is used without any enhancements, however, performance may degrade. As an example, consider the use case with multiple DRX cycles and assume skipping is indicated. In the current mechanism, the UE should skip all PDCCH monitoring until the end of the indicated skip duration. However, for XR traffic, a scenario may occur that it will be better to skip monitoring the search spaces associated to the video flow but not the search spaces associated to the audio flow.

In addition to enhancements on Rel-17 power saving solutions, other mechanisms such as dynamically changing the starting time of the ON duration so that it aligns with the packet arrival time can also be considered. This solution, and the more general approach of dynamic configuration of the DRX functionality, has the potential to better match the DRX pattern to the XR traffic pattern.
One potential solution is early termination of PDCCH monitoring during Active Time. Another approach could be to adjust search space monitoring such that in certain parts of the ON duration (e.g., at the edges where packet arrival probability is lower) sparser search space monitoring is performed. 

Proposal 3: Study extending the Rel-17 PDCCH skipping mechanism to support multiple DRX cycles.
Proposal 4: Consider dynamic configuration of the DRX parameters.
Proposal 5: Consider early termination of Active Time.
Proposal 5: Study varying search space sparsity in ON duration.
3 Conclusion
In this contribution, C-DRX and PDCCH monitoring enhancements for XR have been discussed and the following are proposed:
Proposal 1: Support non-integer DRX cycle values for XR.

Proposal 2: Support multiple DRX cycles and independent operation of DRXs.
Proposal 3: Study extending the Rel-17 PDCCH skipping mechanism to support multiple DRX cycles.

Proposal 4: Consider dynamic configuration of the DRX parameters.

Proposal 5: Consider early termination of Active Time.
Proposal 5: Study varying search space sparsity in ON duration.
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