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Discussion and Decision
· Introduction

During RAN Plenary meeting #94e the XR SID was approved with following objectives [1]:

	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-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.

…...


There are couples XR-specific enhancements proposed and simulated in the TR 38.838 [2] section 8.3.3. In this contribution, we summary the power saving related techniques and show our observations. We also provide some further study directions for these related techniques. 
2. Discussion
One of the issues in XR is the non-integer periodicity of the XR service [3]. The typical XR DL frame rates are 60, 120 frames per seconds (fps), of which frame periodicities are 16.67ms, 8.33ms.  However, the configurable R15/16 C-DRX long cycle values are 10, 20, 32, 40ms, etc. and short cycle values are 2, 3, 5, 6, 7, 8, 10, 14, 16, 20, 30, 32, 35ms, etc.  As shown in Figure 1, since C-DRX cycle values support only integer multiples of 1ms, any cycle periodicity chosen from currently available values cannot be exactly aligned with DL frame arrival timing. This mismatch would lead to XR capacity loss due to larger latency and/or larger UE power consumption to keep the same latency performance.
Observation 1: 

The mismatch between XR DL traffic periodicity and R15/16 C-DRX configuration would lead to XR capacity loss due to larger latency and/or larger UE power consumption.
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Figure 1 Mismatch between XR DL traffic and R15/16 C-DRX periodicity
Another issue is that the XR DL traffic arrival has jitter which makes exact frame arrival timing random due to random delay contributed from frame encoders in Edge server, network transfer time in core network, etc. Therefore we should also consider “flexibility” in the proposed technologies.
Observation 2: 

We should consider “flexibility” to against jitter impact while designing XR power saving technologies.
Based on the SID objectives we summarized related proposals into the C-DRX enhancement and PDCCH monitoring enhancements aspects. The former is to align the DRX cycle and the XR DL traffic pattern; the latter is to align the PDCCH monitoring behavior with the XR DL traffic pattern
· C-DRX enhancement
There are 2 proposed ideas in this category: 
(1) Adjusting DRX On duration start time to align with each XR DL traffic arrival time
There are company proposals to align the DRX On duration start time with XR DL traffic through an adjustable offset and within a configured timing period. In [4] it is proposed to allow the modification of the DRX start offset within the 50ms or 25ms period to match DL packet arrival timings for 60 and 120Fps respectively. In [5] it is proposed to modify the DRX start offset (defined as drx-startoffset in the proposal) periodically every 6 cycles to keep aligned with traffic pattern (with an example of per 100ms in the proposal). 
Proposal 1: 

Further study on the cycle applied to the alignment between C-DRX and XR traffic method.
Further combine DRX start offset with a UE active window was also proposed [6]. It is mentioned that the proposal allows UE to wake up at an additional active window (with an example of 4ms) during DRX off state in addition to the dynamic update of drx-startoffset. The additional active window is triggered if UE does not receive any data during the DRX ON period, or UE receives a triggering indication. 
(2) Configure a C-DRX cycle pattern with different cycle values instead of only one C-DRX cycle
There might be less flexibility considering the various traffic period and the jitter effect of DL burst arrival [7].  The detail to achieve flexibility should be further studied.
Proposal 2: 

Further study on how to against the various traffic period and the jitter effect of XR DL service in the “configure a C-DRX cycle pattern with different cycle values” method.

· PDCCH monitoring enhancement 
There are 2 proposed ideas in this category: 

(1) Modification of PDCCH monitoring periodicity
In [8] it is proposed to configure a MonitoringSlotPeriodicity pattern with different MonitoringSlotPeriodicity values to fit the XR DL traffic arrival pattern. For example, MonitoringSlotPeriodicity pattern is set as {17, 17, 16}ms. 
Through simulation we can find this proposal provide power saving gain with limited capacity loss.  Also we may apply existing parameter monitoringSlotPeriodicityAndOffset in SearchSpace configuration [9] in this proposal. However, the uncertainty of XR DL traffic arrival and occurrence of jitter may introduce some additional impacts, such as configuration overhead and latency if the XR DL traffic pattern changed or jitter happen. We may further study on these impacts. 
Proposal 3: 

Further study on the impacts caused by the uncertainty of XR DL traffic arrival and jitter to the PDCCH monitoring periodicity modification method. 

 (2) XR-dedicated PDCCH monitoring window

In [10] it is proposed to have a UE-configured fixed PDCCH monitoring cycle and monitoring window only for XR services, which is called XR-dedicated PDCCH monitoring window (XR-PMW).  UE monitors only XR scheduled PDCCH during a preconfigured PDCCH monitoring window, and the window size of PDCCH monitoring at each cycle could be dynamically adapted to the delay variation of packet arrival caused by network jitter.
The proposed scheme provide benefits of not affecting data transmission of other service since it is disassociated with DRX. Yet the impact and power saving gain is not clear if jointly consider other UE behavior together with XR-PMW scheme, such as the UE access other services or processes within the same period.

Proposal 4: 

Further study on impacts of the “XR-dedicated PDCCH monitoring window” method to other UE behaviors. 

3. Conclusion

In this contribution we summary the power saving related techniques and show out observations. 

Observation 1: 

The mismatch between XR DL traffic periodicity and R15/16 C-DRX configuration would lead to XR capacity loss due to larger latency and/or larger UE power consumption.
Observation 2: 

We should consider “flexibility” to against jitter impact while designing XR power saving technologies.
We also provide some further study directions for these related techniques. 
Proposal 1: 

Further study on the cycle applied to the alignment between C-DRX and XR traffic method.
Proposal 2: 

Further study on how to against the various traffic period and the jitter effect of XR DL service in the “configure a C-DRX cycle pattern with different cycle values” method.

Proposal 3: 

Further study on the impacts caused by the uncertainty of XR DL traffic arrival and jitter to the PDCCH monitoring periodicity modification method.
Proposal 4: 

Further study on impacts of the “XR-dedicated PDCCH monitoring window” method to other UE behaviors. 

4. References

[1]
RP-213587, “New SID “Study on XR Enhancements for NR”, Dec. 2021.
[2]
3GPP TR 38.838 V1.0.1 (2021-12)
[3]
R1-2112720, “Evaluation Results for XR Capacity and Power.v4”, Qualcomm 
[4]
R1-2112245, “Potential Enhancements for XR”, Qualcomm

[5]
R1-2111352, “Considerations on Capacity and Power Working Areas for XR”, ZTE, Sanechips 
[6]
R1-2111351, “Performance Evaluation Results for XR”, ZTE, Sanechips
[7]
R1-2111046, “Performance evaluation results for XR”, vivo

[8]
R1-2110811, “Performance evaluation results for XR and Cloud Gaming”, Huawei, HiSilicon
[9]
3GPP TS 38.331 V17.0.0 (2022-03)
[10]
R1-2111234,” Evaluation results of XR performance”, CATT
[image: image2.png]


[image: image3.png]


[image: image4.png]


[image: image5.png]


[image: image6.png]



5

[image: image7.png]XR DL Traffic

16.67ms 16.67ms 16.67ms
DRX offset
=
T6ms Toms Toms
DRX offset
is
I7ms I7ms 17ms




