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Introduction
According to the revised WID for NR XR [1], RAN2 should address the following objectives to specify the enhancements for XR-specific power saving:
	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).



As highlighted in the WI objective, RAN2 should specify the enhancements that can resolve the non-integer periodicity issues. This paper aims to provide some of our views on the aspects relating to C-DRX enhancements to cope with XR use cases and applications.
Discussions
Prior to delving into the issues on how to select the method to resolve non-integer periodicity problems, we think RAN2 should first look at the bigger picture and identify what is really needed in terms of DRX enhancements in order to support XR use cases in practice. In particular, we think RAN2 should first consider how to handle multi-flow cases (which in our view is a very common scenario for XR), before deciding the approach to resolve the non-integer periodicity issues.
Multiple Traffic Flows for XR Use Cases
It is indeed beneficial if the DRX cycle is configured to match the XR traffic periodicity, which allows the UE to monitor PDCCH only when it intends to transmit/receive a packet in accordance with the expected packet arrival rate. When the UE does not intend to transmit/receive the data, it does not monitor PDCCH and can save UE power.  If there is only one traffic flow whose traffic periodicity can match the supported DRX periodicity, the situation is quite straightforward as the UE can be configured with a DRX cycle that matches the traffic periodicity of the flow. 
Nevertheless, it is worth noting that we may need to cope with multiple co-existing traffic flows with different periodicities in different directions for XR use cases. In Section 5.1.2 of TR 38.838 [2], several different models involve multiple DL traffic steams are described. For instance, if we consider the two stream cases wherein one stream corresponds to video while another stream corresponds to audio and data, the traffic periodicities for these two streams may be very different. Specifically, the periodicity of video stream depends on the frame rate (fps), in which the frame rates 15, 30, 45, 60, 72, 90 and 120fps may be translated to traffic arrival rate of 66.67, 33.33, 22.22, 16.67, 13.88, 11.11 and 8.33ms respectively. On the other hand, the periodicity for audio/data stream may be fixed to a specific value such as 10ms according to the model in [2]. Apparently, the packet arrival rate of these two streams can have a large difference especially when the video has a lower frame rate. In such cases, one single DRX configuration may be insufficient to support the XR application efficiently. As another example, within the video there may be two different streams corresponding to displays for FOV (Field of View) and omnidirectional view respectively; apparently the required refresh rate for these two streams can be quite different.
Thus, it is inefficient and not flexible enough to support multiple traffic flows concurrently with only one active DRX configuration. Specifically, if the DRX configuration is set in accordance with the periodicity of one of the traffic flows, some packets from another traffic flow may arrive in C-DRX OFF-duration and cannot be scheduled on time. This obviously can severely degrade the latency performance and hence lead to poor user experience.
In light of this, we think it is beneficial to have multiple active DRX configurations simultaneously, in order to make sure the packets from different traffic flows can all be served on time. For example, two DRX configurations can be active at the same time, where the first DRX configuration is configured to handle video traffic flow by setting the periodicity to match video packet arrival rate, and the second DRX configuration is configured to handle audio traffic flow by setting the periodicity to match audio packet arrival rate. It is worth highlighting that, we are not suggesting that multiple active DRX configurations are always needed, but at least from specification perspective we should have such flexibility when it is deemed necessary, depending on the concerned XR application.
Observation 1: The XR use cases involve multiple traffic flows with different packet arrival periodicities can be supported more efficiently with multiple active DRX configurations.

Non-Integer Periodicity Frame Rates
Some XR traffic flows may have non-integer periodicity of packet arrival in the units of ms. This results in timing mismatch in some occasions, where the packet arrival time does not match the DRX ON-duration. As indicated in the WID objective, RAN2 should specify solutions to handle this issue, and several different proposals have been suggested by the companies. The proposals on the table include the following:
1. Multiple active DRX configurations.
2. Dynamic switching of DRX configuration/parameters.
3. Multiple Start Offset values in one DRX configuration.
4. Non-uniform cycle patterns such as {17, 17, 16}ms.
5. Non-integer periodicity for DRX.
From our point of views, all these methods can be used to solve the problem relating to non-integer periodicity. However, to reduce the effort of specification work with some considerations of “futureproof-ness”, we think RAN2 should also take the “versatility” of the approach into account for Rel-18 enhancements. It would be ideal if we can agree on an approach that can address multiple different problems, instead of the solutions that are merely restricted to non-integer periodicity issues.
With this in mind, we think RAN2 can consider non-integer periodicity issues by also taking our Observation 1 into account. In other words, if the UE can be configured with multiple DRX configurations that are active concurrently to handle multi-flow scenarios discussed previously, the same feature can be applied to resolve non-integer periodicity issues as well. For example, to handle a traffic flow for video with 60 fps (the packet arrival rate of which is translated to 16.67ms), we can have three active DRX configurations with a common periodicity of 50ms, but with start offset values of 0ms, 17ms, and 34ms respectively. This in turn allows the UE to wake up at appropriate timings to monitor PDCCH for resource allocation relating to the traffic flow with non-integer periodicity. Moreover, this approach does not require extensive changes of DRX timing formulas like some of the other proposals, the UE simply follows the legacy specifications for DRX behaviors according to each of multiple DRX configurations jointly. In our view, this approach offers the best flexibility and scalability, and can be applied to address other practicality problems of XR.
Observation 2: Allowing multiple active DRX configurations can also resolve the non-integer periodicity issues.

Hence, based on both Observation 1 and Observation 2, it is clear that allowing multiple active DRX configurations actually provides a common tool to solve both problems of multi-traffic flows and non-integer periodicity. When/how this tool should used is up to implementation, but from specification perspective we should make this feature available in Rel-18 for XR use cases.
Proposal 1: The approach based on multiple DRX active configurations should be adopted to resolve non-integer periodicity issues, as this can also be applied to handle XR scenarios involving multi-flows with different periodicities.

Conclusions
This contribution presents some of our views on C-DRX enhancements for XR. We have observed that, supporting multiple active DRX configurations allows us to handle multiple problems that can arise in XR use cases:
Observation 1: The XR use cases involve multiple traffic flows with different packet arrival periodicities can be supported more efficiently with multiple active DRX configurations.
Observation 2: Allowing multiple active DRX configurations can also resolve the non-integer periodicity issues.

Hence, we propose that:
Proposal 1: The approach based on multiple DRX active configurations should be adopted to resolve non-integer periodicity issues, as this can also be applied to handle XR scenarios involving multi-flows with different periodicities.
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