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1 Introduction
In RAN #94e, a continuing SI on XR enhancements for NR in Rel-18 was approved with the following objectives [1] and some related possible enhancement schemes were proposed and evaluated in TR 38.838 [2]: 

	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). 
Objectives on XR-awareness in RAN (RAN2):

· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.

· Study how the above information aids XR-specific traffic handling.

Objectives on 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.

Objectives on XR-specific capacity improvements (RAN1, RAN2):

· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:

· SPS and CG enhancements;

· Dynamic scheduling/grant enhancements.


And the following is captured in the latest RAN1#109-e meeting [3]:
	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)

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



In this contribution, we provide some general views on the high priority issues on XR-specific power saving. 
2 Discussion
UE power consumption for XR traffic should be evaluated given it was identified as an important factor. According to what captured in TR 38.838[2], RAN1 has agreed a parameterized statistical traffic model for the evaluation of XR and CG. For a given XR or CG application, there can be multiple data streams with different traffic characteristics and QoS requirements in DL/UL. For a generic single stream DL traffic model, as shown in Figure 1, the XR DL traffic is modelled as a sequence of video frames arriving at gNB according to the considered video frame rates and random jitter, and the size of each frame is also random according to a certain distribution.
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Figure 1: Single stream DL traffic model

Since XR traffic has low latency requirement, an appropriate DRX setting which can provide a better power saving gain and less capacity loss for XR traffic should be discussed. One simple idea is to set a DRX configuration which guarantees every data packet arrives during DRX On. However, the periodicity of XR traffic (for example, 1/60fps) is not an integer, which means a time drift between the periodicity of XR traffic and the cycle of DRX will be accumulated after each DRX cycle. For example, assuming the periodicity of XR traffic is 1/60 ≈ 16.67 ms and DRX cycle = 16ms. After each cycle of DRX, the time drifts by 0.67ms and then accumulates over time from a small value (e.g., 0) to a large value and then fall backs to the small value after several DRX cycles. To align between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity, one possible way is that the NW sends L1/L2 signalling to the UE to realign the DRX on duration start point with the XR traffic and control the drift between the DRX cycle and XR traffic.
There is one thing to notice is that there is an integer multiple of period which are repeating every 3 frames for both 60 and 120fps. Take 60Fps as an example, since there will be 50ms every 3 frames (60frams every 1000ms also means 3frames 50ms), the assembling of multiple On Durations with staggered start offsets (e.g.., {0, 16, 32, 50}ms can be used to match XR traffic as show below. A new candidate values of CDRX cycle, e.g., 50ms should be introduced.
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Figure 2. Assemble of On Durations to match the XR traffic

Besides, in the Rel-17 TR of the XR study, for baseline assumption, the following multiple traffic flows are modelled:

· DL video traffic: periodical arrival with 16.67 ms period (60Hz)

· UL pose control: periodical arrival with 4 ms period (250Hz)
When there are multiple data flows, especially when at least integer relationship does not exist among their periodicities, matching DRX’s periodicity to another data flow’s periodicity would still cause more UE power. Then multiple active CDRX configurations with different cycle values instead of only one CDRX cycle can be more suitable to transfer the multiple XR data flows.
Proposal 1 DRX mechanism should be enhanced to align between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity:
· Periodically change the drx-startoffset over DRX cycles;
· Configure a single DRX configuration with multiple On Durations;
· Multiple CDRXs for multiple data flows;
If jitter is considered in DL, XR service is observed as a quasi-periodic pattern in the sense that the inter arrival interval between packets should be frame generation interval within a jittering variance due to rendering, encoding as well as packet segmentation in the core network processing. In order to cover the uncertainty coming from random arrival of the packets, it could require more conservative DRX configuration to meet tight delay requirement, which is translated to higher UE power consumption. Currently, RAN1 is considering PDCCH skipping adaptations that UE monitors PDCCH sparsely before the data arrival and monitors PDCCH densely once the data arrives, e.g., implicit SSSG switching based on data arrival. As PDCCH monitoring adaptation technique can significantly facilitate PDCCH monitoring reduction regardless of whether DRX is configured or not, which is beneficial for mini-slot based XR device power saving. And we also noticing that Rel-17 PDCCH monitoring adaptation can only be used per serving cell, while for the across carrier case, more enhancement can be considered.
Proposal 2 Rel-17 PDCCH monitoring adaptation can be enhanced to solve XR jitter effects.  
And we also noticed that due to the frequent interleaved XR traffic flows, the ON duration timer is started in every cycle. Thus, the UE do not need to wake up additionally for monitoring the WUS before the start of the DRX cycle.

Proposal 3 Rel-16 Wake up signal (DCP) will not be used for XR traffic.  
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1 DRX mechanism should be enhanced to align between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity:

· Periodically change the drx-startoffset over DRX cycles;

· Configure a single DRX configuration with multiple On Durations;

· Multiple CDRXs for multiple data flows;
Proposal 2 Rel-17 PDCCH monitoring adaptation can be enhanced to solve XR jitter effects.
Proposal 3 Rel-16 Wake up signal (DCP) will not be used for XR traffic.
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