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1.	Introduction
In RAN#98-e, it was decided to narrow the topic for the enhancement for power saving, and only DRX enhancement supporting XR frames with non-integer periodicities is captured as the objective in XR WID [1] as follows. 
	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).



In this document, we present our views on the XR-specific power saving.
2.	Discussion
If a traffic periodicity has same value with the length of DRX cycle, traffic can arrive at DRX onDuration, i.e., the traffic can be scheduled in DRX onDuration. This is beneficial in power saving point of view because additional PDCCH monitoring is not required.
According to [2], the packet arrival rate for XR frames are evaluated as 30/60/90/120 fps and this means that the corresponding XR traffic periodicities are non-integer value of 33.33/16.66/11.11/8.33ms. However, currently, DRX cycle is designed to support integer value, e.g. Long DRX cycle: 10, 20, 32, …, 10240ms, Short DRX cycle: 2, 3, 4, …, 640ms, so there is a misalignment between XR traffic periodicities and the current DRX cycle. 
This misalignment causes the time difference between the periodicity of XR traffic and DRX cycle, and the XR traffic may not arrive in DRX onDuration due to the accumulation of the time difference. As a result, additional PDCCH monitoring is required to receive the XR traffic.
In last meeting, some solutions were proposed to align non-integer periodicities of XR traffic and DRX onDuration.
· Solution 1. DRX cycle represented in rational number [3]
: In this solution, new values of periodicity represented in rational numbers, i.e. 1000/fps ms, are adapted for drx-LongCycle/drx-ShortCycle and the floor operation is added for the DRX formula. For example, the updated formula for short DRX cycle is as follows. 
floor{[(SFN × 10) + subframe number] modulo (drx-LongCycle)} = drx-StartOffset:
floor{[(SFN × 10) + subframe number] modulo (drx-ShortCycle)} = floor{(drx-StartOffset) modulo (drx-ShortCycle)}:
With Solution 1, there is no big change in the DRX formula and the proposed DRX formula can be used commonly for both integer DRX cycle and non-integer DRX cycle, so one may think that Solution 1 is efficient. However, Solution 1 requires a new value each time a new XR periodicity is introduced. For example, if 150 fps is introduced in Rel-19, the value of XR periodicity is 6.66ms (20/3ms), so the values introduced in Rel-18 is not used and a new value should be introduced. 
We think it would be desirable to design a common method that can be used in the future release than introducing a new value whenever a new XR periodicity is introduced.

· Solution 2. Adjustment of drx-StartOffset (Semi-static, Dynamic) [4][5]
: In this solution, DRX cycle is fixed and drx-StartOffset is adjusted every N cycles [4] or by NW signaling [5]. 


In Solution 2, for semi-static approach, a new formula (or a new method) should be defined to adjust drx-StartOffset. To calculate the start of DRX cycle, the UE needs to manage two formulas. We think this complicates the DRX operation. For dynamic approach, signaling overhead is increased especially for short value of DRX cycle. Thus, we think Solution 2 is not desirable in terms of complexity and signaling overhead.

· Solution 3. Non-uniform DRX cycle [6]
: In this solution, the length of DRX cycle is changed at every n:th DRX cycle.


In the above example, the length of DRX cycle is changed at every 3:th DRX cycle. So, to calculate the length of each DRX cycle, many changes are unavoidable to the current DRX formula and this complicates the DRX operation. Thus, we don’t prefer Solution 3 considering complexity and changes.

· Solution 4. Multiple active DRX configurations 
: In this solution, multiple DRX configurations with different drx-StartOffset are configured and activated. The start of onDuration in each DRX configuration is aligned with the XR traffic periodicities.


In this solution, each DRX configuration operates independently and operates same as the current DRX operation. Thus, there is no impact to the DRX formula. Moreover, new value is not introduced and this method can be reused in future release. In addition, considering two DRX group is already introduced in the current specification, multiple active DRX configurations may not introduce many changes, and there is merely some small difference between two DRX group and this solution.

Based on the above, we propose Solution 4, i.e., multiple active DRX configurations, to resolve mismatch issues.
Proposal 1. In order to resolve mismatch issue, RAN2 introduce multiple active DRX configurations.

XR service has multiple streams, e.g., audio, video, pose or I/B/P frames and multiple XR stream requires different traffic pattern with different periodicities. As per the justification of [2], characteristics of the data streams (i.e., video) may be changed during ongoing XR service. In this condition, traffic patterns may be changed dynamically. Thus, if the active DRX configuration can be changed dynamically according to the changed characteristic of XR traffic, it is much beneficial for power saving.
Currently, however, DRX configuration can be changed by RRC, and it may not be sufficient to adapt quickly to the changed XR traffic characteristic during ongoing XR service. Thus, from power saving point of view, dynamic switching of DRX configuration (e.g. DCI or MAC CE) is beneficial than semi-static switching (RRC signalling). For example, multiple DRX configurations that are suitable for each traffic pattern are configured, and when the traffic pattern is changed, DCI or MAC CE is provided to indicate DRX configuration suitable for the changed traffic pattern. 
Therefore, we propose that dynamic switching of DRX configuration other than semi-static switching (RRC signalling) should be considered to apply DRX configuration immediately in response to change of XR traffic characteristic. 
Proposal 2. RAN2 should consider to switch DRX configuration dynamically by MAC CE or DCI.

If DRX cycle is designed to support non-integer periodicity, there is SFN wrap around issues. According to the current specification, SFN range is [0…1023] and subframe range is [0…9], and the current DRX cycle is designed as wrap around every 10240ms. 
However, non-integer periodicity (e.g. 50/3ms) cannot fit into 10240ms, so DRX cycle to align non-integer periodicity cannot be wrap around every 10240ms.
In order to resolve this issue, two solutions were proposed in the last meeting.
· Solution A. Introduce hyper frame number [8]
: In this solution, H-SFN is introduced in DRX formula and H-SFN is extended until it aligns with non-integer value multiples.
[(10240 × H-SFN) + (SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
[(10240 × H-SFN) + (SFN × 10) + subframe number] modulo (drx-ShortCycle)} = (drx-StartOffset) modulo (drx-ShortCycle):
For example, for 50/3ms periodicity, H-SFN can be "5", which means that 50/3ms periodicity can be wrap around every 51200ms (10240*5ms). 

· Solution B. Introduce a reference SFN indicator [4]
: The concept of this solution comes from Rel-16 IIoT for CG type 1. The reference SFN indicator indicates the reference SFN for determining the closest SFN preceding the reception of DRX configuration related to DRX Offset for determining DRX onDuration.
consider sequentially that the Nth (N >= 0) DRX long cycle occurs in the subframe for which [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-LongCycle) modulo (10240):
consider sequentially that the Nth (N >= 0) DRX short cycle occurs in the subframe for which [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-ShortCycle) modulo (10240):

Comparing above two solutions, it is obvious that Solution A is simpler than Solution B and Solution B complicates DRX formula. In addition, in Solution B, additional signaling is needed to configure SFN indicator. Therefore, in terms of specification impact and signaling overhead, Solution A is preferred.
Proposal 3. In order to resolve SFN wrap around issue, introduce hyper frame number in DRX formula.

3.	Conclusion
In this document, we present our view on power saving in XR, and made proposals as follows. 
Proposal 1. In order to resolve mismatch issue, RAN2 introduce multiple active DRX configurations.
Proposal 2. RAN2 should consider to switch DRX configuration dynamically by MAC CE or DCI.
Proposal 3. In order to resolve SFN wrap around issue, introduce hyper frame number in DRX formula.
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