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1. [bookmark: _Toc18413600][bookmark: _Toc18403966][bookmark: _Toc18404533]Introduction
During the study item it was agreed that Most XR frame rates (15, 30, 45, 60, 72, 90 and 120fps) correspond to periodicities which are not an integer (66.66, 33.33, 22.22, 16.66, 13.88, 11.11 and 8.33ms respectively). The corresponding support by DRX will be dealt with in a semi-static manner at least (e.g. via RRC signalling). In addition, RRC pre-configuration and switching of configurations of DRX can be considered for enhancements of XR power saving.
In RAN2#121bis meeting, the following agreements have been made:
	Options
?? Rational number for DRX cycle periodicity
?? DRX cycle adjustments
?? Multiple active DRX configurations
· RAN2 will not consider solution 3, i.e. multiple active DRX configurations as a solution to the non-integer periodicity for XR traffic, i.e. UE would have only one DRX configuration. 
· To address SFN wrap around, it is proposed to adopt option with a counter in DRX formula that increments at every SFN wrap around and an DRX reference SFN signalled by network. FFS if this is based on H-SFN, E-SFN or a generic counter.


In this contribution, we will study how to match the DRX periodicity with non-integer XR periodicity, switching of DRX configurations, and give our proposals.
2. Discussion
2.1 match the DRX periodicity with non-integer XR periodicity
In RAN2#112 meeting, three options are listed as the possible solutions to the non-integer periodicity for XR traffic issue, and it has been agreed not to consider solution 3, i.e. multiple active DRX configurations as a solution to the non-integer periodicity for XR traffic, i.e. UE would have only one DRX configuration. For the next work, RAN2 should focus on the remaining two options and do not discuss any other solutions:
With dynamic adjustment of DRX cycle, the following issues need to be investigated first: 
· Signaling overhead and overall complexity: 
One of the main concerns with DRX cycle adjustments dynamically by signalling is that this increases signalling overhead. The problem is that different XR periodicities will require an updated DRX configuration at different points in time depending on the difference between the actual periodicity and the integer periodicity of the configured DRX cycle. If the DRX cycle is not updated, the this will cause mis-alignment between the traffic arrival and the DRX ON occasion.  This mis-alignment may cause higher UE power consumption or service transmission delay. To avoid this misalignment, the C-DRX cycle or C-DRX start time should be adjusted often and the frequency with which such updates need to be made depends on the actual DRX cycle and the XR traffic periodicity. Such frequent updating of the DRX cycle will significantly impact the overall signalling overhead and reduce the XR capacity fo the cell.  The actual signalling overhead may depend on whether RRC/MAC/DCI signalling is used for these updates, but regardless of method used, the signalling overhead is always there and different mechanisms will also have different collateral issues (e.g. reliability etc) which are further discussed below.  
Observation 1: Dynamically adjusting the DRX cycle by Signalling as a solution to the non-integer periodicity for XR traffic will cause frequent Uu signalling and reduces the XR cell capacity.
Further, if the solution to dynamically adjust the DRX cycle is to be adopted, we first need to introduce new DRX cycles anyway (e.g. 16 and 17 ms cycles) which currently don’t exist. Thus, new DRX cycle values should be added.
Observation 2: new DRX cycle values would need to be introduced if the solution to dynamically adjusting the DRX cycle is adopted.

· Signalling reliability and potential for mis-match between UE and network: 
Furthermore, as explained above, different combinations of the XR traffic periodicity and DRX cycle duration will need adjustment of DRX cycles at different points in time. This further complicates the overall procedure and increases the chances of mis-match between UE and network. 
Table 1: the mapping between typical XR frame rate and the preferred DRX cycle pattern
	XR frame rate
	The preferred DRX cycle pattern

	15fps
	[66, 66, 68, ...]

	30fps
	[33, 33, 34, ...]

	45fps
	[22, 22, 22, 22, 23, 22, 22, 22, 23, ...]

	60fps
	[16 17, 17, ...]

	72fps
	[13, 14, 14, 14, 14, 14, 14, 14, 14, ...]

	90fps
	[11, 12, 12, 12, 12, 12, 12, 12, 12, ...]

	120fps
	[8, 8, 9, ...]


  
From the table, it can be seen that for some XR frame rates (e.g. 45fps), the DRX cycles should be adjusted with un-even distribution, e.g. adjust one time per five cycles and then, once per four cycles, this is complicated to configure the adjustment rules, and may results in a lot of spec impacts. 
If RRC signalling is used, then the signalling is reliable, but this option will have the most impact from signalling perspective. MAC and DCI based options are used to reduce the signalling overhead, this leads to problems with synchronization between network and UE. For instance, we have to discuss what happens when the indication to change the DRX configuration is missed by the UE. Even RRC signalling, one needs to understand at what point the UE changes to the new DRX configuration. It should be kept in mind that the UE processing time is always up to implementation and typically this may even need reconfiguration with sync to avoid the ambiguity between network and UE on the point at which the new DRX configuration is applied by the UE. 
Observation 3: Dynamically adjusting the DRX cycle is complicated and will increase the risk of mis-match between UE and network due to lost signalling messages and/or unknown UE processing time for the change of DRX cycle

While for Rational number for DRX cycle periodicity, with a specified formula, UE and gNB can always determine the most suitable C-DRX on-duration start time. E.g. if the XR data burst arrives at 16.667 ms, the UE and gNB can use floor() operation and 50/3 ms periodicity to determine the C-DRX on-duration start time at 16ms; if the XR data burst arrives at 33.333ms, the UE and gNB can use floor() operation and 50/3 ms periodicity to determine the C-DRX on-duration start time 33ms; etc. This can be implemented easily in formula for determining the C-DRX on-duration start time by adding floor() operation and without any extra signalling. E.g. the SFN and the subframe number of the C-DRX on-duration start occasion can be determined by:
 
Observation 4: With Rational number for DRX cycle periodicity as a solution to the non-integer periodicity for XR traffic issue, UE and gNB can always determine the most suitable C-DRX on-duration start time by floor() operation in the formula for determining the C-DRX on-duration start time and the solution to use rational number for DRX cycle periodicity doesn’t have the drawbacks like signalling overhead and/or reliability.
Proposal 1: use rational number for DRX cycle periodicity as a solution to the non-integer periodicity for XR traffic issue. 
2.2 For C-DRX SFN wrap around issue
In RAN2#121bis meeting, it has been agreed that “To address SFN wrap around, it is proposed to adopt option with a counter in DRX formula that increments at every SFN wrap around and an DRX reference SFN signalled by network. FFS if this is based on H-SFN, E-SFN or a generic counter.”
Considering that using H-SFN has also the H-SFN wrap around issue, e.g. when the DRX cycle step over H-SFN1023 and SFN1023, the XR traffic periodicity and the C-DRX cycle will be mismatched. 
Observation 5: Using H-SFN causes the H-SFN wrap around issue.
Although E-SFN can deal with some warp around issue, but considering that using E-SFN needs eNB to broadcast the E-SFN number and E-SFN value range, it impacts specification much relative to the generic counter.
Observation 6: Using E-SFN impacts specification more than using a generic counter.
Proposal 2: To address SFN wrap around, a generic H-SFN counter is used. 
2.3 Handling of XR traffic which is quasi-periodic with jitter
Two USS are configured during the DRX on-duration occasion for the Jitter case
XR traffic is usually quasi-periodic service with large burst. To balance the UE power saving before the burst arriving and burst scheduling latency, configuring more than one USS to the same UE is beneficial. For instance, two different UE specific search spaces with different USS monitoring periodicities can be configured to the UE. The UE monitors the first USS for PDCCH/WUS before the arrival of the burst of traffic using a larger monitoring periodicity and upon detecting the burst arrival, the UE monitors the second USS using the second USS with a smaller monitoring periodicity. With this approach, the USS monitoring periodicity of the first USS can be kept large and can avoid high power consumption at the UE side. The second USS which is conditionally activated upon receiving the indication on the first USS can have a smaller USS monitoring periodicity to allow the network scheduler to schedule the data transmission in-time. 
Proposal 3: To handle the quasi-periodic XR traffic with jitter, the network can configure more than one USS, the first USS is activated at the DRX on-duration start occasion and the second USS is activated only upon receiving an indication on the first USS.
Extension of DRX on duration
In case of periodic XR traffic, jitter can cause both early arrival and delayed arrival of DL data. However, early arrival of packets in general does not have an adverse impact on overall latency budget for XR traffic (i.e the network can simply buffer the early packet and send it at the next ON duration without impacting the power consumption at the UE). However, if the DRX on duration cannot capture the packets that are delayed due to jitter, then this will have significant impact on overall latency since the UE may go into DRX mode and the packet can only be received in the next DRX ON cycle. Periodic XR traffic, is generally characterised by having at least one packet during every DRX on duration, one option could be to extend the DRX on duration dynamically if the DL packet is delayed. With this option, if the DL packet arrives during the DRX ON duration time, then the UE can terminate the DRX cycle and go back to sleep normally and if the packet is delayed then the DRX on duration can be extended by a specific duration.Considering the different jitter value for different service, the extended duration value can be configured by RRC signalling, and whether to extend the duration can be decided by gNB and UE(e.g. the duration is extended automatically if the DL packet is not received in the DRX on-duration)   This is depicted in Figure 1 below. 
[image: ]
[bookmark: _Ref109991128][bookmark: _Ref109991102]Figure 1: Dynamic extension of ON Duration to cater for delayed packet arrival due to jitter
Based on the above, the following proposal is made. 
Proposal 4: No specific solution is needed to solve the issue of early arrival of DL packet due to jitter
Proposal 5: For the dynamic extension of DRX ON duration(e.g. switching of configurations of DRX): an extended duration value is configured by RRC signalling, and the on duration is extended automatically when there is no DL transmission during the expected DRX ON duration.
3. Conclusion
[bookmark: _Toc18403976][bookmark: _Toc18404543][bookmark: _Toc18413612]Observation 1: Dynamically adjusting the DRX cycle by Signalling as a solution to the non-integer periodicity for XR traffic will cause frequent Uu signalling and reduces the XR cell capacity.
Observation 2: new DRX cycle values would need to be introduced if the solution to dynamically adjusting the DRX cycle is adopted.  
Observation 3: Dynamically adjusting the DRX cycle is complicated and will increase the risk of mis-match between UE and network due to lost signalling messages and/or unknown UE processing time for the change of DRX cycle.
Observation 4: With Rational number for DRX cycle periodicity as a solution to the non-integer periodicity for XR traffic issue, UE and gNB can always intelligently determine the most suitable C-DRX on-duration start time by floor() operation in the formula for determining the C-DRX on-duration start timeThe solution to use rational number for DRX cycle periodicity doesn’t have the drawbacks like signalling overhead and/or reliability
Proposal 1: use rational number for DRX cycle periodicity as a solution to the non-integer periodicity for XR traffic issue.
Observation 5: Using H-SFN causes the H-SFN wrap around issue.
Observation 6: Using E-SFN impacts specification more than using a generic counter.
Proposal 2: To address SFN wrap around, a generic H-SFN counter is used. 
Proposal 3: To handle the quasi-periodic XR traffic with jitter, the network can configure more than one USS, the first USS is activated at the DRX on-duration start occasion and the second USS is activated only upon receiving an indication on the first USS.
Proposal 4: No specific solution is needed to solve the issue of early arrival of DL packet due to jitter 
Proposal 5: For the dynamic extension of DRX ON duration (e.g. switching of configurations of DRX): an extended duration value is configured by RRC signalling, and the on duration is extended automatically when there is no DL transmission during the expected DRX ON duration.
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