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1. Introduction
In the last meeting, the following agreements were made for C-DRX enhancements for XR:
	· Not use broadcast signalling for counter and reference SFN in XR.
· The maximum value of the counter (NSFN) is 2^16 = 65536. 
· Network sets DRX reference SFN (drx-ReferenceSFN) to either 0 or 512, in the same way as in Rel-16 IIoT.
· Use the following option (option A): both the counter NSFN and the DRX reference SFN drx-ReferenceSFN are added to the DRX formula. NSFN is initialized to 0. 


In this contribution, we discuss the remaining issues for C-DRX enhancements for XR.
2. Discussion
Issue#1: How to represent non-integer DRX cycles
Non-integer DRX cycles are introduced in XR to match the non-integer XR traffic period. However, it is unclear how to represent non-integer DRX cycles in ASN.1. In the last meeting, the following three options were proposed by companies:
· Option 1: Represent the non-integer DRX cycle by the corresponding frame rate [1]
· Option 2: Represent the non-integer DRX cycle by a choice structure [2]
· Option 3: Represent the non-integer DRX cycle by two parameters, numerator and denominator [3]
With option 1, the frame rate of XR traffic is configured to calculate the period of DRX cycle. For example, 60 FPS represents DRX period of 50/3ms. If 8 bits are allocated to represent the frame rate, the range of XR traffic FPS from 1 to 256 can be supported. However, other non-integer traffic periods that may be used by features other than XR (e.g., 16.1 ms) cannot be supported by option 1. 
Observation 1: Using frame rate to configure the non-integer DRX cycle can support the current frame rate requirements for XR services and can easily support other potential XR integer frame rates in the future. However, it cannot support traffic with non-integer frame rate which may arise in the future.
With option 2, the several possible frame rates for XR traffic (e.g., 30/60/90/120 FPS) are concluded using a parameter with several choice elements, e.g. [100/3, 50/3, 100/9, 25/3], to represent the DRX cycle of corresponding frame rates. It can be seen that this approach can support the current XR frame rate but with poor scalability.
    drx-LongCycleStartOffset-XR-r18         CHOICE {
        ms-100-3                            INTEGER(0..33),
        ms-50-3                             INTEGER(0..16),
        ms-100-9                            INTEGER(0..11),
        ms-25-3                             INTEGER(0..8)
    }
Observation 2: Using choice structure to represent the non-integer DRX cycle can support the current frame rate requirements for XR services, but it lacks flexibility and forward compatibility
With option 3, two parameters numerator and denominator are used to represent the non-integer DRX cycle. For example, a numerator of 50 and a denominator of 3 can be used to represent DRX cycle of 50/3 ms. If the value range of the numerator and denominator are both 1~1000, then non-integer traffic period can also be supported (e.g., 16.1ms can be expressed as 161/10).
It can be seen that option 3 is the most flexible and has the best forward compatibility. Thus, we prefer option 3.
Proposal 1: Use a pair of numerator and denominator to configure the non-integer DRX cycles.

Issue#2: Whether non-integer DRX is applicable to short DRX cycle
RAN2 has not yet discussed whether short DRX cycle needs to be introduced for non-integer DRX. From our point of view, since XR traffic arrives periodically and the non-integer long DRX cycle is already configured to match the period of XR traffic, there is no need to introduce non-integer short DRX cycles, considering that the XR frame rate is expected to be stable.
Proposal 2: Non-integer short DRX cycle should not be introduced.

Issue#3: The formula for determining the start time of drx-onDurationTimer
The legacy DRX formula for long DRX cycle is expressed as below:
[(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset
For non-integer DRX cycles, floor operation needs to be added to ensure that start time of DRX on-duration can match with the subframe boundary. In addition, a new counter and DRX reference SFN are also added in the new formula: 
floor[(DRX_SFN_COUNTER × 10240)  + (SFN × 10) + subframe number] modulo
  (drx-NonIntegerLongCycle) = floor[(drx-TimeReferenceSFN× 10 + drx-StartOffset) modulo
(drx-NonIntegerLongCycle)]:
In the past RAN2 meetings, companies have proposed that the modulo operation for non-integer values may result in rounding errors in some hardware or programming languages. Therefore, some approaches need to be applied in the non-integer DRX formula to replace the modulo operation and avoid running errors (e.g., A modulo B = A-floor(A/B)*B). However, different UEs may have different implementation methods to avoid rounding errors. We prefer to just capture a note indicating that it is up to UE implementation to choose the method to do modulo operation to avoid rounding errors caused by modulo operation for non-integer values. 
Proposal 3: Add floor operation in the non-integer DRX formula and capture a note that it is up to UE implementation to avoid the rounding errors probably caused by modulo operation for non-integer values in the specification.
The corresponding TP is provided in Annex. 
Proposal 4: If P3 is agreeable, RAN2 to adopt the TP provided in Annex.
3. Conclusion
In this contribution, we discuss the remaining issues for C-DRX enhancements for XR. Based on the discussion, we have the following proposals:
Proposal 1: Use a pair of numerator and denominator to configure the non-integer DRX cycles.
Proposal 2: Non-integer short DRX cycle should not be introduced.
Proposal 3: Add floor operation in the non-integer DRX formula and capture a note that it is up to UE implementation to avoid the rounding errors probably caused by modulo operation for non-integer values in the specification.
Proposal 4: If P3 is agreeable, RAN2 to adopt the TP provided in Annex.
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Annex: TP for TS 38.321
1>	if the Long DRX cycle is used for a DRX group and the drx-NonIntegerLongCycle is not configured for the DRX group, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset; or
1> if the Long DRX cycle is used for a DRX group and the drx-NonIntegerLongCycle is configured for the DRX group, and floor[(DRX_SFN_COUNTER  × 10240)  + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle) = floor[(drx-TimeReferenceSFN × 10) + drx-StartOffset)] modulo (drx-NonIntegerLongCycle)]:
NOTE 1: If drx-NonIntegerLongCycle is used, it is up to UE implementation to avoid the rounding errors probably caused by modulo operation for non-integer values.
Editor’s Notes:  The final formula for determining the start time of the drx-onDurationTimer when the drx-NonIntegerLongCycle is used is pending further agreements.

