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1	Introduction
In this paper we discuss DRX enhancements for the following power saving objective in Rel-18 XR WID [1]:
	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).




[bookmark: _Ref178064866]2	Discussion on DRX Enhancements for XR
[bookmark: _Ref105678701]
2.1 DRX formula
RAN2 #123 [4] made the following agreements regarding the DRX formula:
	The maximum value of the counter (NSFN) is 2^16 = 65536. 
8. 	Network sets DRX reference SFN (drx-ReferenceSFN) to either 0 or 512, in the same way as in Rel-16 IIoT.
9. 	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. 
CB XR (Thursday) (1) – Correction to above agreements 
Chair: Offline, it was noticed that since indexing starts from zero, the maximum counter value should be 2^16-1 = 65535 instead. Therefore, the agreement is modified accordingly
The maximum value of the counter (NSFN) is 2^16 – 1 = 65535.



Subsequently, RAN2 #123-bis [2] made the following agreements:

Agreements on DRX
1. New DRX cycles in rational numbers are supported for both short and long DRX cycles. 
2. If short DRX cycle in rational number is configured, the length of the long DRX cycle shall be an integer multiple of the short DRX cycle, as in legacy.	
3. The new DRX parameter(s) for non-integer DRX cycles are common to both DRX groups
4. At least use legacy formula and add floor () operation.  
5. We will have normative text to avoid rounding errors.
6. specify the DRX cycle by different fields under a CHOICE structure and specify in the field description the correspondence between different fields and DRX cycles


Based on these agreements, the draft MAC running CR proposed the following updated formula for Long DRX:
	floor([(DRX_SFN_COUNTER  × 10240)  + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle)) = floor([(drx-TimeReferenceSFN × 10) + drx-StartOffset] modulo (drx-NonIntegerLongCycle))


 
There is a similar proposed formula for Short DRX:
	floor([(DRX_SFN_COUNTER  × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerShortCycle)) = floor([(drx-TimeReferenceSFN × 10) + drx-StartOffset] modulo (drx-NonIntegerShortCycle))


 
There are several issues with these formulas and we discuss them below.
Issue 1
It was already agreed that the implementation of the modulo operation should not introduce rounding errors and that normative text will be added for this purpose. Several options have been proposed in offline discussions for this normative text.
	· Option 1.  Add a line in the normative text after the DRX formula stating that “The MAC entity shall ensure no rounding error is generated when performing the modulus operation with drx-NonIntegerShortCycle or drx-NonIntegerLongCycle as the divisor.” The exact method to implement the modulus operation without rounding error is left to UE implementation.
· Option 2.  Specify in the normative text that the modulus operation with non-integer DRX cycles shall be implemented by modulus (A, B) = A - floor (A/B)   B. 
· Option 3.  Specify in the normative text that the modulus operation with non-integer (ratio between integers) DRX cycles shall be implemented by modulus (A, B/C) = [(A  C) modulus B] / C. 



We believe that Option 1 is suitable and, additionally, it should be made clear what the rounding error is in this context. For instance, the normative text could add that consecutive start moments of the drx-onDurationTimer should be either floor(drx-NonIntegerLongCycle) or ceil(drx-NonIntegerLongCycle) apart from each other. 

[bookmark: _Toc149864317]Select Option 1 for the normative text about rounding errors and, additionally, clarify what the DRX cycle rounding error is, by adding the normative text: “If Long DRX is configured, the drx-onDurationTimer shall be effectively started at time intervals of either floor(drx-NonIntegerLongCycle) or ceil(drx-NonIntegerLongCycle) apart from each other. If Short DRX is configured and the drx-ShortCycleTimer is running, the drx-onDurationTimer shall be effectively started at time intervals of either floor(drx-NonIntegerShortCycle) or ceil(drx-NonIntegerShortCycle) apart from each other.”

Issue 2
The purpose of the SFN wrap-around solution is to avoid the misalignment between DRX at the NW and at the UE, when the network sends the DRX configuration shortly before an SFN wrap-around (NW initializes DRX_SFN_COUNTER=0 before wrap-around), but the UE receives it after the wrap-around due to, e.g., retransmissions (UE initializes DRX_SFN_COUNTER=0 after wrap-around). 
According to the agreements in RAN2 #123 above, the DRX reference SFN (i.e., drx-TimeReferenceSFN) was added to the DRX formula. The purpose was to allow the UE to always initialize DRX_SFN_COUNTER (as denoted in the MAC CR) to 0 when it receives the DRX configuration from the network, regardless of the SFN in which the UE receives the DRX configuration (before or after the SFN wrap-around). The solution captured in the MAC CR is illustrated in Figue 1.  
[image: ]
Figure 1 Illustration of the solution for the SFN wrap-around problem from the MAC CR

Based on this solution, after the SFN wrap-around, the DRX cycles at the network (DRX_SFN_COUNTER=1) and at the UE side (DRX_SFN_COUNTER=0) should be synchronized. In Table 3 we show the result of the DRX formula at the network and UE side, for drx-NonIntegerLongCycle=1000/60 ms, and drx-StartOffset=0. We assume the UE receives the DRX configuration in the first subframe after the SFN wrap-around. At the UE side drx-TimeReferenceSFN=512, whereas at the NW side we assume two cases drx-TimeReferenceSFN={0, 512}. 
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We observe that the start of the DRX cycle at the UE side is not aligned with the network side, regardless of whether drx-TimeReferenceSFN is assumed 0 or 512 at the network side. Thus, the formula does not work as intended and we propose to remove the DRX reference SFN (drx-TimeReferenceSFN) from the DRX formula. Instead, procedural text can be introduced in the MAC specifications to describe the following:
· If drx-TimeReferenceSFN =512
· If the UE receives the DRX configuration in an SFN within [0, 512), the UE initializes DRX_SFN_COUNTER=1;
· Otherwise, the UE initializes DRX_SFN_COUNTER=0.

[bookmark: _Toc149864318]Do not add the DRX reference SFN (i.e., drx-TimeReferenceSFN) to the DRX formula; instead add normative text to describe how it works.

The resulting formula for Long DRX is:
floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle)) = drx-StartOffset.
The similar formula for Short DRX is:
floor([(DRX_SFN_COUNTER × 10240)+ (SFN × 10) + subframe number] modulo (drx-NonIntegerShortCycle)) = floor(drx-StartOffset modulo (drx-NonIntegerShortCycle))

[bookmark: _Toc149864319]Enhance the Long DRX formula based on rational cycle values as: floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle)) = drx-StartOffset. 

[bookmark: _Toc149864320]Enhance the Short DRX formula based on rational cycle values as: floor([(DRX_SFN_COUNTER × 10240)+ (SFN × 10) + subframe number] modulo (drx-NonIntegerShortCycle)) = floor(drx-StartOffset modulo (drx-NonIntegerShortCycle)).

2.2 Signalling details of rational number DRX cycles

The following non-integer DRX cycle values have been proposed so far for the RRC running CR: 
· For Long DRX: 200/3, 100/3, 200/9, 50/3, 125/9, 100/9, 25/3, 250/9, 125/3, 400/3
· For Short DRX: 200/3, 100/3, 200/9, 50/3, 125/9, 100/9, 25/3.
However, there are also other examples of video periodicities from SA4 [3]:
120000/1001 fps (119.88 fps)  periodicity 8.3417 ms = 1001/120
60000/1001 fps (59.94 fps)  periodicity 16.6833 ms = 1001/60
30000/1001 fps (29.97 fps)  periodicity 33.3666 ms = 1001/30
24000/1001 fps (23.97 fps)  periodicity 41.7083 ms = 1001/24.

[bookmark: _Toc149864321]Support the following non-integer cycle values for Long and Short DRX: 1001/120, 1001/60, 1001/30, 1001/24, 200/3, 100/3, 200/9, 50/3, 125/9, 100/9, 25/3.

Furthermore, the new proposed values for Long DRX do not seem to capture the agreement “2.	If short DRX cycle in rational number is configured, the length of the long DRX cycle shall be an integer multiple of the short DRX cycle, as in legacy”. The proposed values for Long DRX do not include any integer values, which are multiples of non-integer Short DRX values. Thus, integers like 25, 50, 100, 125, 200, and 1001 should be supported.

[bookmark: _Toc149864322]Support the following integer cycle values for Long DRX, which are multiples of Short DRX cycle values: 25, 50, 100, 125, 200, and 1001 ms.


Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Select Option 1 for the normative text about rounding errors and, additionally, clarify what the DRX cycle rounding error is, by adding the normative text: “If Long DRX is configured, the drx-onDurationTimer shall be effectively started at time intervals of either floor(drx-NonIntegerLongCycle) or ceil(drx-NonIntegerLongCycle) apart from each other. If Short DRX is configured and the drx-ShortCycleTimer is running, the drx-onDurationTimer shall be effectively started at time intervals of either floor(drx-NonIntegerShortCycle) or ceil(drx-NonIntegerShortCycle) apart from each other.”
Proposal 2	Do not add the DRX reference SFN (i.e., drx-TimeReferenceSFN) to the DRX formula; instead add normative text to describe how it works.
Proposal 3	Enhance the Long DRX formula based on rational cycle values as: floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle)) = drx-StartOffset.
Proposal 4	Enhance the Short DRX formula based on rational cycle values as: floor([(DRX_SFN_COUNTER × 10240)+ (SFN × 10) + subframe number] modulo (drx-NonIntegerShortCycle)) = floor(drx-StartOffset modulo (drx-NonIntegerShortCycle)).
Proposal 5	Support the following non-integer cycle values for Long and Short DRX: 1001/120, 1001/60, 1001/30, 1001/24, 200/3, 100/3, 200/9, 50/3, 125/9, 100/9, 25/3.
Proposal 6	Support the following integer cycle values for Long DRX, which are multiples of Short DRX cycle values: 25, 50, 100, 125, 200, and 1001 ms.
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