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Introduction
In Rel-17, study item “Study on XR Evaluations for NR” was mainly studied in RAN1 and many progress were made and summarized in TS 38.838 [1]. For Rel-18, a new SID “Study on XR Enhancements for NR” has been approved, including the following aspects: XR-awareness in RAN, XR-specific power saving, and XR-specific capacity improvements [2]. For XR-specific Power Saving, the detail objective is as the following:
	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.



In this contribution, some potential XR-specific power saving techniques will be discussed from RAN2 perspective.
Discussion
XR traffic characteristics
As identified in [1], eXtended Reality (XR) and Cloud Gaming (CG) are some of the most important 5G media applications under consideration in the industry. XR is an umbrella term for different types of realities and refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables. It includes representative forms such as Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR) and the areas interpolated among them.
For many XR and CG applications, the DL data flow is quasi-periodic with high data rate, there could be frequently UL/DL data or configuration update. Besides, XR and CG applications have tight PDB, which is modelled as the latency requirement of XR traffic in RAN side (i.e., air interface). And it is expected that XR and CG supporting devices is mobile and with small size, which may bring some limitation on device battery capacity. And these are XR unique characters different from the eMBB or uRLLC traffic.
Observation 1: XR and CG applications have high data rate and tight PDB, with limited battery capacity.
What’s more, the average packet arrival periodicity of XR and CG application is given by the inverse of the frame rate, while the typical frame rate for XR and CG application is 60/90/120 fps, accordingly, the average packet arrival periodicity may be non-integer (16.67 / 11.11 / 8.33 ms), while in current power saving techniques like C-DRX and PDCCH monitoring, only integer periodicity is supported. In other words，there could be mismatch between XR traffic periodicity and C-DRX cycle/PDCCH monitoring periodicity.
Observation 2: The average packet arrival periodicity of XR and CG application is non-integer, which cause periodicity mismatch between XR traffic periodicity and C-DRX cycle/PDCCH monitoring periodicity.
Besides, due to the varying frame encoding delay and network transfer time, jitter may be caused in packet arrival time at gNB, which means UE needs to monitor the jitter time to avoid data missing, and this may cause extra power consumption. The jitter follows truncated Gaussian distribution with following statistical parameters shown in Table 1[1].
[bookmark: _Ref82966331]Table 1: Statistical parameters for jitter
	Parameter
	unit
	Baseline value for evaluation
	Optional value for evaluation

	Mean
	ms
	0
	

	STD
	ms
	2
	

	Truncation range
	ms
	[-4, 4]
	[-5, 5]



Observation 3: The jitter of packet arrival time may cause extra power consumption for UE.
Meanwhile, there could be multiple flows for XR applications, with different periodicity, which means a single C-DRX configuration does not fit multiple flows.
Observation 4：There could be multiple flows for XR application，multiple C-DRX configuration may be needed.
Based on the analysis above, we think the key issues to be addressed in XR-specific power saving includes:
· Mismatch between C-DRX/PDCCH monitoring periodicity and XR traffic periodicity
· Extra power consumption due to periodicity jitter
· Multiple data flows for XR applications
· Potential enhancements due to XR unique characteristics
What’s more, RAN1 has started XR discussion in the last meeting, and some potential design enhancements are identified. Priorities for the enhancements are proposed from RAN1 perspective [3], including:
· For CDRX enhancements, high priority issues are alignment between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity for each flow and jitter handling.
· For PDCCH monitoring enhancements, high priority issue is the enhancements to Rel-17 PDCCH monitoring adaptation.
Observation 5： From RAN1 perspective, the following issues are with high priority:
· For CDRX enhancements, high priority issues are alignment between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity for each flow and jitter handling.
· For PDCCH monitoring enhancements, high priority issue is the enhancements to Rel-17 PDCCH monitoring adaptation.
Proposal 1: RAN2 is kindly confirm that the following issues will be addressed in XR-specific power saving:
· Mismatch between C-DRX cycle/PDCCH monitoring periodicity and XR traffic periodicity
· Extra power consumption due to periodicity jitter
· Multiple data flows for XR applications
· Potential enhancements due to XR unique characteristics like tight PDB
[bookmark: _Hlk110416859]XR-specific power saving techniques
C-DRX enhancements
With C-DRX mechanism, UE only needs to monitor PDCCH on some specific time, periodically. It is realized by configure a single set of parameters, including the DRX cycle, on duration timer and so on which all are configured with the granularity of millisecond. In current NR design, one UE can only be configured with one or two unicast DRX configurations.
When it comes to XR, as mentioned above, the C-DRX cycle and XR traffic periodicity may be mismatched, 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 methods 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, e.g., drx-SlotOffset in a DRX cycle and UE needs to start drx-onDurationTimer more than once in one DRX cycle to align with XR traffic. Figure 2 is an illustraction which the DRX cycle is 50ms and three drx-SlotOffset values are cofnigred 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
Besides, for the multiple XR data flow case, multiple C-DRX configuration could be taken into consideration, and the two schemes proposed above could be start point, too.
Proposal 2. The following enhanced DRX schemes can be considered for alignment between CDRX and XR traffic and multiple XR data flow:
· [bookmark: _Hlk109808399]Scheme #1: Configure multiple DRX cycles which used in a round;
· Scheme #2：Configure multiple drx-StartOffset values in one DRX cycle.
As discussed in section 2.1, XR traffic arrival at gNB may have unpredictable jitter due to variable video encoding time, network transfer time, etc., it results in that XR data would arrive DRX non-active time, maybe early or late than the expective time and UE wait for the packet transmission until “on Duration” of the next DRX cycle (i.e., until drx-onDurationTimer is started), which increases the latency for the packet transmission.
[bookmark: _Hlk110503420]From RAN2 perspective, one implementation method to solve jitter is configuring a larger drx-onDurationTimer to cover the time distribution of jitter, but larger timer may cause more power consumption for PDCCH monitoring. Furthermore, a general or fixed drx-onDurationTimer could be configured as baseline, and network could active a larger drx-onDurationTimer cover most jitter distribution, when necessary, and this may need right prediction/awareness of the jitter. 
Proposal 3: For jitter handling, the following two schemes can be taken into consideration:
· Scheme#1: Configure larger drx-onDurationTimer to cover the time distribution of jitter
· Scheme#2: Configuring a fixed drx-onDurationTimer as baseline, and network can activate a larger drx-onDurationTimer when necessary.
PDCCH monitoring enhancements
Similar to C-DRX, PDCCH monitoring is also used for UEs to monitor PDCCH periodically, and the potential enhancements should aim to align the monitor time with XR traffic arrival time. Based on Rel-17 progress, UE skipping PDCCH monitoring based on a dynamically indicated PDCCH skipping indication and/or search space set group switching (SSSG) indication for power saving. In our view, it is more like a RAN1 issue and RAN1 is discussing the further enhancements, hence, RAN2 can wait for RAN1’s progress and further identify RAN2’s work.
Proposal 4: For PDCCH monitoring enhancements, RAN2 should wait for RAN1’s progress first.
Conclusions
In this contribution, we discussed on XR traffic characters, and based on the these, we analyse the key issues to be solved in XR-specific power saving, and the potential techniques. Following are our observations and proposals.
Observation 1: XR and CG applications have high data rate and tight PDB, with limited battery capacity.
Observation 2: The average packet arrival periodicity of XR and CG application is non-integer, which cause periodicity mismatch between XR traffic periodicity and C-DRX cycle/PDCCH monitoring periodicity.
Observation 3: The jitter of packet arrival time may cause extra power consumption for UE.
Observation 4：There could be multiple flows for XR application，multiple C-DRX configuration may be needed.
Observation 5： From RAN1 perspective, the following issues are with high priority:
· For CDRX enhancements, high priority issues are alignment between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity for each flow and jitter handling.
· For PDCCH monitoring enhancements, high priority issue is the enhancements to Rel-17 PDCCH monitoring adaptation.
Proposal 1: RAN2 is kindly confirm that the following issues will be addressed in XR-specific power saving:
· Mismatch between C-DRX cycle/PDCCH monitoring periodicity and XR traffic periodicity
· Extra power consumption due to periodicity jitter
· Multiple data flows for XR applications
· Potential enhancements due to XR unique characteristics like tight PDB
Proposal 2. The following enhanced DRX schemes can be considered for alignment between CDRX and XR traffic and multiple XR data flow:
· Scheme #1: Configure multiple DRX cycles which used in a round;
· Scheme #2：Configure multiple drx-StartOffset values in one DRX cycle.
Proposal 3: For jitter handling, the following two schemes can be taken into consideration:
· Scheme#1: Configure larger drx-onDurationTimer to cover the time distribution of jitter
· Scheme#2: Configuring a fixed drx-onDurationTimer as baseline, and network can activate a larger drx-onDurationTimer when necessary.
Proposal 4: For PDCCH monitoring enhancements, RAN2 should wait for RAN1’s progress first.
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