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In this Tdoc, we discuss the DRX support of XR frame rates corresponding to non-integer periodicities.

In RAN2#121bis-e, the following agreement has been reached:

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 RAN2#122, the following agreement has been reached:

Define DRX cycle based on rational numbers. Inform RAN1/4 about this and ask them to indicate if this causes issues in their specifications. 

In this Tdoc, we share our views on the signaling details for the use of rational number DRX cycles for XR. 

 C-DRX Enhancement
In the MAC specification [TS 38.321], the formulas to start On-Duration timer 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) .

In R2-2304709, Option 1 has been promoted as a solution for supporting DRX cycles expressed as rational numbers. 

The following changes to TS 38.321 have been proposed in R2-2304709:  

	1>	if the Short DRX cycle is used for a DRX group, and floor ([(SFN × 10) + subframe number] modulo (drx-ShortCycle)) = floor ((drx-StartOffset) 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 floor ([(SFN × 10) + subframe number] modulo (drx-LongCycle)) = drx-StartOffset:
NOTE:  If drx-ShortCycle or drx-LongCycle is not an integer, the modulo operation should be implemented by a method that does not introduce rounding errors. For example, (drx-StartOffset) modulo (drx-ShortCycle) can be implemented as drx-StartOffset – drx-ShortCycle × floor (drx-StartOffset / drx-ShortCycle).
(The rest of the legacy text is omitted…)




The modulo definition: A mod B = A - B * floor(A/B), was proposed to implement the modulo operation without introducing rounding errors.
Hence, floor ([(SFN × 10) + subframe number] modulo (drx-ShortCycle)) can be written as
floor ([(SFN × 10) + subframe number] modulo (drx-ShortCycle)) = floor([(SFN × 10) + subframe number] - drx-ShortCycle * floor ([(SFN × 10) + subframe number] /drx-ShortCycle ))

Assuming F is the frame rate (e.g., F = 60 fps). drx-ShortCycle = 1/F, then floor ([(SFN × 10) + subframe number] /drx-ShortCycle) can be implemented as: 

Formula 1:

floor([(SFN × 10) + subframe number] - drx-ShortCycle * floor ([(SFN × 10) + subframe number] / ( 1/F *1000) ) ) = floor ((drx-StartOffset) modulo (drx-ShortCycle))

Formula 2:

floor([(SFN × 10) + subframe number] - drx-ShortCycle * floor ([(SFN × 10) + subframe number] /1000*F ) ) = floor ((drx-StartOffset) modulo (drx-ShortCycle))
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Note 1: results above are obtained with MATLAB and reproduced with both short format precision (4 digits after the decimal point) and long format precision (15 digits after the decimal point).
Note 2: The error is calculated as . Where   is the expected start time of the XR traffic (e.g. for FPS = 60, ) and the  is the subframe index verifying Formula 1 or Formula 2.

Observation 1: The proposed method to implement the modulo operation (A mod B = A - B * floor(A/B) ) introduces rounding errors.

Proposal 1: The proposed method to implement the modulo operation operation (A mod B = A - B * floor(A/B) ) introduces rounding error due to the floating point error. This error can be reduced by carefully considering the order of the operations inside the floor calculation.

Formula 3:

floor([(SFN × 10) + subframe number] - drx-ShortCycle * floor ([(SFN × 10) + subframe number]*F /1000 ) ) = floor ((drx-StartOffset) modulo (drx-ShortCycle))

Formula 3 however seems to address the precision issue by multiplying the subframe number by the FPS before the division by 1000. This issue can also be addressed with UE implementation; however, it is preferred to address the issue in the specifications to avoid different UE implementations.
 
Moreover, the formulas to start On-Duration timer with DRX cycles expressed as rational numbers need to undergo evaluation across a range of frame rates typically used in practical applications. Additionally, a comprehensive list of these frame rates should be made accessible to RAN2 for the purpose of configuring the UE. It is upon RAN2 to request SA4 to provide a list of frame rates suitable for both evaluation and configuration purposes in Rel-18. 

Proposal 2: RAN2 to request SA4 to provide a list of frame rates suitable for both evaluation and C-DRX configuration purposes in Rel-18.

Conclusion
In this contribution, we made the following proposals 

Observation 1: The proposed method to implement the modulo operation (A mod B = A - B * floor(A/B) ) introduces rounding errors.

Proposal 1: The proposed method to implement the modulo operation operation (A mod B = A - B * floor(A/B) ) introduces rounding error due to the floating point error. This error can be reduced by carefully considering the order of the operations inside the floor calculation.

Proposal 2: RAN2 to request SA4 to provide a list of frame rates suitable for both evaluation and C-DRX configuration purposes in Rel-18.
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