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1 Introduction
In the RAN2#121bis-e meeting, solutions for DRX cycles with XR and the potential impacts to RAN1/4 specification (if any) have been discussed. The following agreement has been made in the XR-specific power saving discussion [1]:

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. 

In this contribution, we would like to discuss details of solutions for DRX cycles with XR: do we use rational numbers for DRX cycle or do integer adjustments? 
2 Discussion 
The periodicity of XR traffic arrival could be non-integer (rational) as explained in [2]. 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). 

However, current DRX cycle is configured in ms (integer number). Considering the periodicity of XR traffic, how to solve issues on misalignment of the DRX cycle and XR traffic periodicities needs to be addressed.
Options on DRX enhancements to support non-integer periodicities
Based on the above RAN2 agreement, we have narrowed down to two types of solutions for supporting non-integer XR periodicities: rational number for DRX cycle periodicity, or DRX cycle adjustments. For the solution on rational number for DRX cycle periodicity, it is not straightforward on how to avoid the rounding error and the modulo operation on the non-integer number may increase the implementation complexity. The solution on DRX cycle adjustments can be achieved with very small standard impact without the trouble of dealing with non-integer operations. 
Proposal 1: Solution on DRX cycle adjustments is supported to solve the DRX cycle alignment problem.
Details of the solutions for DRX cycle adjustments
In this category, there are mainly two options:
Option 1: Adjust the start offset for each DRX cycle. 

UE is configured with an integer DRX cycle which is closest to the periodicity of XR traffic, and a pattern of DRX start offsets which matches/aligns the start time of ON durations with the start of each XR data burst. One example for this option is that a new time offset is used to shift the start offset of the DRX after a given number of DRX cycles. 

This option always involves adding a counter that can indicates whether a new shift is used or not for the current DRX cycle. However, the timing of the initialization of the counter is an issue to be addressed.
Option 2: A DRX cycle with multiple ON durations.
The periodicity of a XR traffic may be a non-integer, however, if we group N (N=3 for most of the currently defined XR frame rates) data arrivals together into a bigger cycle, this cycle is an integer number. Use 60 fps as an example, there will be N=3 frames per 50ms. Each 50ms repeats itself for the data arrival time, not considering the jitter. Therefore, a DRX cycle with 3 ON durations can solve the problem of the misalignment for the DRX cycle and the XR periodicities.

To implement this, multiple start offsets are used in one DRX cycle. Figure 1 illustrates an example of 60fps XR data arrival and the configuration of start offsets in a DRX cycle. Each start offset can trigger an ON duration in this DRX cycle.
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Figure 1: A DRX cycle with 3 ON durations
Option 2 is simpler than Option 1 in terms of the standard impact. There is no need to introduce a counter in Option 2. If we still re-use the drx-StartOffset, it may be extended to refer to the first start offset in the DRX cycle. Only a list of new start offsets (e.g. 2 more starts offsets in a list called drx-newStartOffsetList) is added and can be configured by RRC. 
Based on the reason that option 2 is simpler, option 2 should be supported.
Proposal 2: A DRX cycle with multiple ON durations is used. Multiple start offsets are defined in a DRX cycle, and each start offset can trigger an ON duration.

If option 2 is adopted, some new values on the DRX cycles (both Long DRX cycle and Short DRX cycle), e.g., 50ms, 100ms, etc., need to be added to accommodate the currently defined XR frame rates. 

If Short DRX cycle is not configured, then the multiple ON durations are configured for the Long DRX cycle, which means that the multiple start offsets are within the range of a Long DRX cycle. If Short DRX cycle is configured, the multiple ON durations are configured for the Short DRX cycle, which means that the multiple start offsets are within the range of a Short DRX cycle. This configuration can be well suited to the scenario of data burst in XR services.
Proposal 3: The multiple start offsets are within the range of a Short DRX cycle if drx-ShortCycle is configured, and within the range of a Long DRX cycle otherwise. 
An example TP for TS38.321 for Option 2 is shown below in Table 1:
	1>
if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset or any item in drx-newStartOffsetList if configured) modulo (drx-ShortCycle):

2>
start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
1>
if the Long DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset or any item in drx-newStartOffsetList if configured:

…


Table 1: TP for TS38.321
Proposal 4: Adopt the TP in Table 1 for supporting DRX cycle with multiple ON durations.
3 Conclusion

In this contribution we discuss the DRX enhancement for supporting XR and media services. We make the following proposals:
Proposal 1: Solution on DRX cycle adjustments is supported to solve the DRX cycle alignment problem.
Proposal 2: A DRX cycle with multiple ON durations is used. Multiple start offsets are defined in a DRX cycle, and each start offset can trigger an ON duration.

Proposal 3: The multiple start offsets are within the range of a Short DRX cycle if drx-ShortCycle is configured, and within the range of a Long DRX cycle otherwise. 
Proposal 4: Adopt the TP in Table 1 for supporting DRX cycle with multiple ON durations.
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