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1. Introduction
In RAN1 #109-e, the technical issues and related solutions of CDRX and PDCCH monitoring adaptation supporting XR traffic were examined [1].

In RAN2#119-e, DRX enhancements for XR-specific power saving had lots of discussions [2].

In this study, we present our further discussion and view.
2. Discussion
CDRX Enhancements
For CDRX supporting XR traffic, the related technical issues are:
· Alignment between CDRX and XR traffic 
· CDRX enhancements to handle jitter 
· CDRX enhancements for multiple XR traffic flows
· CDRX enhancements to adjust to variable burst sizes and frame rate

1. 
2. 
2.1. 
2.1.1. Alignment between CDRX and XR traffic
In Rel-15/16 CDRX, the period of UE being actively monitoring PDCCH must be a fixed integer multiple of 1 milli-second (ms), such as 10/20 ms for the long DRX cycle and 2/3/5 ms for the short. However, the typical XR DL packet arrival periodicity is 16.67/8.33 ms, corresponding to the inverse of the frame rate 60/120 fps. Due to the periodicity mismatch between CDRX and XR traffic, applying this CDRX scheme in XR data reception inevitably leads to the increased packet loss and delay in the long run.
To mitigating the aforementioned mismatch, an enhanced CDRX of non-uniform periodicity is proposed. For example, there are 3 arrival packets equally spaced in 50 ms when considering XR traffic of the frame rate 60fps. This CDRX can repeatedly use a set of three integer-valued periods where a total sum is equal to 50 ms, e.g., {17ms, 17ms, 16ms}. Facilitated with a mechanism of this kind, the alignment between CDRX and XR traffic can be ensured every 50 ms. On the other hand, without this enhancement, other alternative mechanisms, such as increasing the DRX ON-duration or adjusting the start offset of CDRX cycles, could be carried out. These alternatives, however, are likely implemented at a cost of lower power saving gain or higher complexity.

Observation#1: Aligning CDRX with XR traffic could be achieved by increasing the DRX ON-duration or adjusting the start offset of CDRX cycles at a cost of lower power saving gain or higher complexity.

2.1.2. CDRX enhancements to handle jitter
The jitter effect in a cellular network will make the arrival of data bursts become pseudo-periodical. It means that the arrival time will deviate from the expected value and this deviation follows a truncated Gaussian distribution. In the case of the arrival period 16.67 ms, the next data burst arrives 16.674 ms later. To deal with jitter, the current CDRX has to extend its active duration conservatively in each DRX cycle. This extended active duration ensures a high packet reception rate, but also implies the increase in UE power consumption. The similar problem also confronts CDRX of non-uniform periodicity. Hence, the extension of active duration is not a satisfactory solution from the perspective of power saving.
To circumvent the jitter effect without consuming significant power, the design effort has been spent on minimizing the extended active duration. One possible realization is to have an active duration being slightly shorter than the jitter interval. As jitter follows a truncated Gaussian distribution within the interval [-4, +4] ms, this slightly shorter duration will enable XR traffic reception for most probable jitter values, e.g., [-3.8, +3.8] ms. The principle of this realization can be further generalized. It is to have dense and sparse PDCCH monitoring for high and low probability jitter values, respectively. In other words, within a DRX ON-duration, a UE device is allowed to opportunistically go to sleep for certain time slots. A DRX ON-duration could also be reduced in a deterministic way. Once the first packet is received, the ON-duration timer will be terminated. The PDCCH monitoring for receiving the following packets of the same frame will depend on the DRX inactivity timer, which is expected to terminate earlier than the ON-duration timer. Utilizing these active duration minimization techniques, better power saving gain would be achieved with sufficiently high UE satisfaction.

Proposal#1: In order to handle jitter, we propose to utilize opportunistic or deterministic active-duration-minimization techniques to achieve better power saving gain with sufficiently high UE satisfaction.

2.1.3. CDRX enhancements for multiple XR traffic flows
A unique feature of XR traffic is having multiple data flows where each flow has its own arrival period, jitter, data rate, and quality of service (QoS) requirements. Obviously, using one fixed CDRX configuration is hard to meet diverse needs imposed by such traffic. A seemly straightforward solution to this is using multiple CDRX configurations to support multiple-flow XR traffic. Consider a traffic realization including two video data flows of periodicity 30 ms and 10 ms respectively. Then, two DRX cycles, i.e., 30 ms and 10 ms, can be configured to tackle these flows. Due to different levels of jitter effects, the first CDRX configuration might use a DRX ON-duration of 8-ms-long, and the second might use a ON-duration of 3-ms-long. However, when the multiple-flow traffic is composed of one video and one audio data flows, having two CDRX configurations becomes unnecessary. This is because that the existing SPS mechanism is capable of monitoring the audio data flow. In summary, we think that the composition of multiple XR traffic flows determines which kind of CDRX enhancement should be applied.

Observation#2: Our discussion shows that the composition of multiple XR traffic flows determines which kind of CDRX enhancement should be applied.

2.1.4. CDRX enhancements to adjust to variable burst sizes and frame rate
When considering single data flow, the traffic can be characterized by variable burst sizes and frame rate. Burst size issue may be resolved by current spec or potential solutions to other issues. Whether or not a new solution is required for this issue is FFS. 
When it comes to the variable frame rate, we think that we should wait for SA’s further explanation about this phenomenon. Without this explanation, there is no need of further discussion about this issue. On the other hand, if this issue is validated by SA, we think that a dynamic adjustment to the CDRX configuration, such as the DRX ON-duration, according to the frame rate at the time is necessary.

Proposal#2: We should wait for SA’s further explanation about the variable frame rate. Without this explanation, there is no need of further discussion about this issue.

3. Conclusion
This study has reviewed the key aspects of Rel-15/16 CDRX and Rel-17 PDCCH monitoring enhancements for supporting XR traffic. The observations and proposals mentioned so far are listed below:

Observation#1: Aligning CDRX with XR traffic could be achieved by increasing the DRX ON-duration or adjusting the start offset of CDRX cycles at a cost of lower power saving gain or higher complexity.
Observation#2: Our discussion shows that the composition of multiple XR traffic flows determines which kind of CDRX enhancement should be applied.

Proposal#1: In order to handle jitter, we propose to utilize opportunistic or deterministic active-duration-minimization techniques to achieve better power saving gain with sufficiently high UE satisfaction.
Proposal#2: We should wait for SA’s further explanation about the variable frame rate. Without this explanation, there is no need of further discussion about this issue.
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