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Introduction
According to the description of Rel-18 study item on NR enhancements for XR [1], RAN2 should study how UE-power saving for XR services can be improved:
	2. 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.



The following agreements relating to power saving have been reached:
	RAN2 #119e Agreements
1: RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.: 
-	DRX enhancements to address the issues of DRX cycle mismatch and jitter
-	Identify necessary parameters from CN for XR-awareness for power saving 
Enhancements to Rel-17 PDCCH adaptation can be discussed based on RAN1 feedback, if they have any RAN2 impact
RAN2-specific aspects can be studied based on contributions (e.g. multiple XR traffic flows with different periodicities, SFN wrap-around, RAN2-specific CDRX aspects, …).

RAN2 #119bis-e Agreements
1: At least RRC pre-configuration and switching of configurations of DRX could be considered for enhancements of XR power saving. Other solutions are not precluded and can be further discussed.




This paper aims to discuss some our views about C-DRX enhancements in various aspects, including:
· How RAN2 should proceed with non-integer periodicity and SFN-wraparound issues?
· Whether multiple active DRX configurations should be supported to handle multiple traffic flows?
· How DRX configuration switching (based on agreement in RAN2 #119bis-e) can be applied?
· How to jointly support multiple active DRX configurations with switching ?
Discussions
Non-Integer Periodicity and SFN-Wraparound Issues
A key issue that has been identified is DRX timing mismatch with the expected packet arrival, this can occur due to non-integer periodicity of the XR packet arrival rate, as well as the SFN-wraparound. To address such issues, currently two categories of solutions are being considered:
1. Modification of DRX timing formula
2. Dynamic switching of DRX configuration
In particular, RAN2 has agreed that the solutions based on dynamic switching are generally beneficial for power-saving. From our point of views, formula modification for DRX timing seems to be a more direct approach to tackle the problem, while dynamic switching of DRX configuration is more generic as it may be applied to enhance XR power saving in different aspects as well. Since we are still in the study item phase, we think both of these directions should be kept open and captured in the TR. Then, in the work item phase RAN2 can further discuss if dynamic switching can be made general enough to resolve all these issues including non-integer periodicity and SFN-wraparound, or if specific formula modifications are needed. We think this is more realistic considering the remaining time budget for this study item. It is worth noting that, the approaches based on formula modifications may involve a lot of Stage-3 details and the relevant discussions are not suitable for the Study item phase anyway. 
Proposal 1: For the solutions to address non-integer periodicity and SFN wraparound issues, both DRX formula modification and dynamic switching of DRX configurations could be captured in the TR. RAN2 can further discuss which approaches should be pursued in the WI phase.

Multiple Active DRX Configurations to Support Multi-Flows
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, the situation is quite straightforward as the UE can be configured with a DRX cycle that matches the traffic periodicity of the flow. Nevertheless, for XR use cases, multiple traffic flows with different periodicities in different directions (DL/UL) may co-exist (including video, audio, and pose). Thus, it may not be easy to support all these traffic flows concurrently with only one active DRX configuration. Specifically, some packets may have to wait for quite a while before it can be scheduled when the UE enters the next ON-duration cycle, which may severely degrade the performance and hence the user experience.
Thus, we think it should be allowed to have multiple active DRX configurations simultaneously, in order to make sure the packets from different traffic flows can all be served on time. 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.
Proposal 2: To support multiple XR traffic flows with different periodicities in both DL and UL, multiple active DRX configurations should be allowed in Rel-18.

DRX Configuration Switching or Adjustment
It was agreed in the previous RAN2 meeting that dynamic switching of DRX configuration may be useful. As mentioned in Section 2.1, such approach has been identified as a potential way to address issues such as non-integer periodicity and/or SFN wraparound, but at the same time we think it is a generic approach to optimize power saving, as agreed in RAN2 #119bis-e. In particular, we see two specific areas where DRX switching/adjustment can be quite beneficial for XR:
1. On-Duration Interval Entry/Extension Triggered by Jitter: When jitter occurs, the UE may fail to detect any data on a PDSCH, due to the late arrival of the DL packet. In such cases, the UE may adjust the DRX configuration to make sure it can stay active in order to get the PDCCH for further resource allocation of the late packet. If the UE is already in the ON-duration, the ON-duration can be extended when the UE does not receive the expected PDSCH. Conversely, if the UE is in OFF-duration when such empty PDSCH is detected (e.g. the empty PDSCH is based on SPS), the UE can enter ON-duration in order to receive the supplementary resource allocation that can be scheduled subsequently.

2. Adaptation of DRX Timers for HARQ Handling: Since XR applications have multiple traffic streams with different latency requirements in accordance with their PDB, it may be beneficial to adapt the time interval length that the UE needs to wake up for HARQ retransmission for different PDSCH/PUSCH transmissions. For instance, if the delay budget is stringent, the time that the UE needs to wake up for retransmission grant can be set to be very short, so the UE does not waste too much power to monitor PDCCH when the data is already anyway outdated. On the other hand, if the delay budget is quite relaxed, the UE may stay in sleep mode longer before it wakes up again to receive potential retransmission grant.
We think RAN2 can further explore dynamic DRX configuration switching/adjustments to support the mechanisms described above. 
Proposal 3: RAN2 can further consider dynamic DRX configuration switching/adjustments to support:
· On-Duration Interval Entry/Extension Triggered by Jitter
· Adaptation of DRX Timers for HARQ Handling

Associations Between Multiple DRX Configurations
If Proposal 2 can be acceptable by RAN2, we anticipate that multiple active DRX configurations are allowed in order to support more than one traffic flows. Moreover, according to the agreement in RAN2 #119bis-e, potentially RAN2 can consider dynamic switching/adjustment of DRX configurations. By considering these jointly, we think we can have the following DRX configuration framework:
· A UE is configured with multiple “static” or “default” DRX configurations that can applied by the UE at the same time to support different traffic flows, and
· Each of these “static/default” DRX configuration can be further associated with zero, one or more “on-demand” DRX configuration(s), wherein a static/default DRX configuration can be switched to (one of) its associated on-demand DRX dynamically.
Thus, the multiple DRX configurations can be classified into “static/default” DRX and “on-demand” DRX, and association relationship between them can be pre-configured. This is illustrated in Figure 1:
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Figure 1 An illustration of associations among DRX configurations

In Figure 1, originally two static/default DRX configurations are concurrently applied to support Traffic Flow #1 and Traffic Flow #2 respectively. To enable possible switching in each of these static/default DRX configurations to accommodate certain situations that may occur spontaneously (e.g. jitter), each of the static/default DRX configurations is further associated with one or more On-Demand DRX configurations. Although in this example an On-demand DRX configuration is exclusively associated with a static/default DRX, in fact this is also possible for an On-demand DRX to be shared by multiple static/default DRX configurations. Furthermore, switching may not be always needed for certain traffic flows, so some static/default DRX configurations may not be associated to any On-demand DRX. We think such framework can be considered by RAN2 to jointly support multiple active DRX and DRX configuration switching.
Proposal 4: RAN2 can consider the framework based on associations between multiple “static/default” DRX configurations and their corresponding “on-demand” DRX configurations, to jointly support multiple active DRX configurations and DRX configuration switching/adjustment.

Conclusions
This contribution presents some of our views on DRX enhancements for XR. We have the following proposals:
Proposal 1: For the solutions to address non-integer periodicity and SFN wraparound issues, both DRX formula modification and dynamic switching of DRX configurations could be captured in the TR. RAN2 can further discuss which approaches should be pursued in the WI phase.
Proposal 2: To support multiple XR traffic flows with different periodicities in both DL and UL, multiple active DRX configurations should be allowed in Rel-18.
Proposal 3: RAN2 can further consider dynamic DRX configuration switching/adjustments to support:
· On-Duration Interval Entry/Extension Triggered by Jitter
· Adaptation of DRX Timers for HARQ Handling
Proposal 4: RAN2 can consider the framework based on associations between multiple “static/default” DRX configurations and their corresponding “on-demand” DRX configurations, to jointly support multiple active DRX configurations and DRX configuration switching/adjustment.
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