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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last RAN2 e-meeting, the following agreements were made on XR-specific power saving:
	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, …).


In this contribution, DRX enhancements due to non-integer periodicity of XR traffic are discussed.
Discussion
SFN wrap-around
The current DRX formulas to start drx-onDurationTimer are:
· For long DRX cycle: [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset , where SFN is the current System Frame Number, and the subframe number is the current subframe number.
· For short DRX cycle : [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle) .
SFN takes values in the range 0–1023 and the subframe number can be from 0 to 9. For XR traffic, the DRX cycle length maybe not a factor of 10240 ms, e.g. such as 50/3 ms. When DRX cycle cannot divide 10240ms, there exists mismatch between DRX cycle and traffic arrival when SFN wraps around. According to the tdocs in RAN2#119 e-meeting, companies propose to update DRX formula or description to avoid an erroneous calculation of the start time of DRX on durations (hence resulting in applying a wrong DRX cycle) when SFN wraps around and non-integer valued DRX cycles are configured. For example: 
In [1] it is proposed to introduce a counter m:
[((1024×m + SFN) × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset,
where m=0 when DRX is activated and is incremented every time SFN=0.
In [2] a similar DRX formula enhancement was proposed. E-SFN was introduced in the DRX formula as follows, taking long DRX cycle as an example:
[(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset,
    Where E-SFN can be broadcast by the network as the existing SFN in system information and is incremented by one when legacy SFN wraps around.
In [3] it is proposed to replace SFN in the current DRX formula by a new state variable, SFN_M. This SFN_M is updated by SFN_M = (SFN_M + 1) mod M whenever SFN changes. M is typically configured with a value of 1,000 for XR applications. Since SFN_M and subframe number have the range of 0~999 frames and 0~9 subframes respectively, the new DRX reference time of [(SFN_M × 10) + subframe number] is repeated every 10,000ms. That ensures boundaries at which SFN_M wraps around would be always aligned with boundaries of XR’s traffic cycles and no partial frame would cross the boundaries of SFN_M.
In [4][5] it is proposed that solutions designed for Rel-16 CG enhancements can be reused.
In Rel-16 CG periodicity could have a value which is non-divisor of 10240ms, which is similar as the issue here. And it was agreed to correct formulas for CG occasion determination so that they consider N sequentially. The following is the updated formula for Type-1 CG in TS 38.321 [9].
	After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity)
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)


However, there is no similar parameter in DRX formula as N in CG formulas and on-durations may not increment sequentially, for example for short DRX cycle which may operate only part time. So it is unclear how to reuse the Rel-16 CG enhancements for SFN wrap-around in DRX.
In [1][2][3] some enhancements with current DRX formulas were proposed. The SFN number counting is extended to be considered continuously in all these solution, i.e. not only within its [0–1023] range. These solutions are feasible to resolve the SFN wrap-around issue in DRX. So we propose:
Proposal 1: RAN2 to consider enhancements with current DRX formulas, where the SFN number counting is extended to be considered continuously, i.e. not only within its [0–1023] range, for SFN wrap-around issue of DRX.
Mismatch between the DRX period and non-integer periodicity of XR traffic
The following possible solutions are proposed in RAN2#119e:
· Alt1: Periodically change the drx-startoffset [1]: E.g. As the drift becomes large after few cycles and the XR traffic arrival time risk to fall outside the DRX On-Duration, drx-startoffset adjustment can be done by the UE by using for example a counter, e.g. for XR frame rate with 60 fps, correct the offset (adding a time offset of 2 ms) every 3 cycles.
· Alt2: The length of DRX cycle applied may change according to pre-configured time pattern [6].
Taking the typical 60fps as an example, the lengths between continuous DRX cycles are variable, i.e. 16ms, 17ms, 17ms, 16ms, 17ms, 17ms…  With this configuration, the mismatch issue can be handled with an acceptable impact on DRX configuration.
· Alt3: Multiple active DRX configurations [7].
Assume XR frame rate with 60 fps, UE is awake on all the DRX on-duration occasion determined based on the start offset values 0/17/34ms and cycle lenth value 50ms. 
· Alt4: Enhance DRX formulas
If non-integer DRX cycles are introduced directly with legacy DRX formulas, drx-onDurationTimer will be started at unexpected time. Therefore, some companies propose to enhance C-DRX formulas to support non-integer DRX cycles [2][8].
For example, in [2] the C-DRX formula for the long DRX cycle changes to: 
floor [n – [drx-LongCycle × floor (n / drx-LongCycle) ] ] = drx-StartOffset
	where n = [(SFN × 10) + subframe number]
In [4], new DRX formula similar as R16 CG occasion determination formula but with non-integer periodicity was proposed. UE determines sequentialy the subsequent DRX on-duration occasion according to the non-integer period shift after determining the first DRX on-duration occasion upon reception of DRX configuration. But it is unclear how the new DRX formula is, to cope for SFN wrap-around.
Except alt4, other three alternatives don’t have a unified definition of DRX cycle. Considering that SFN wrap-around issue with non-integer valued DRX cycles needs to be addressed as well, we think alt4 is simple, straightforward, future-proof and aligned with the enhancements for SFN warp around issue of DRX. So we propose to consider alt4. And we can discuss further how the exact enhanced DRX formula is.
Proposal 2: RAN2 consider enhancing DRX formula to align DRX cycle with non-integer periodicity of XR traffic.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: RAN2 to consider enhancements with current DRX formulas, where the SFN number counting is extended to be considered continuously, i.e. not only within its [0–1023] range, for SFN wrap-around issue of DRX.
Proposal 2: RAN2 consider enhancing DRX formula to align DRX cycle with non-integer periodicity of XR traffic.
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