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1	Introduction
In MAC spec [1], non-integer short DRX cycle is calculated based on the formula below.
	1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is configured, and floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerShortCycle)) = floor[(drx-StartOffset) modulo (drx-NonIntegerShortCycle)]:
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.



In RRC spec [2], non-integer short DRX cycle could be configured below.
	drx-NonIntegerLongCycleStartOffset-r18  CHOICE {
        ms1001over240                           INTEGER(0..3),
        ms25over6                               INTEGER(0..3),
        ms25over3                               INTEGER(0..7),
        ms1001over120                           INTEGER(0..7),
        ms100over9                              INTEGER(0..10),
        ms25over2                               INTEGER(0..11),
        ms40over3                               INTEGER(0..12),
        ms125over9                              INTEGER(0..12),
        ms50over3                               INTEGER(0..15),
        ms1001over60                            INTEGER(0..15),
        ms125over6                              INTEGER(0..19),
        ms200over9                              INTEGER(0..21),
        ms250over9                              INTEGER(0..26),
        ms100over3                              INTEGER(0..32),
        ms1001over30                            INTEGER(0..32),
        ms75over2                               INTEGER(0..36),
        ms125over3                              INTEGER(0..40),
        ms1001over24                            INTEGER(0..40),
        ms200over3                              INTEGER(0..65),
        ms1001over15                            INTEGER(0..65),
        ms250over3                              INTEGER(0..82),
        ms1001over12                            INTEGER(0..82),
        ms400over3                              INTEGER(0..132),
        ...
},
shortDRX-r18                            SEQUENCE {
        drx-NonIntegerShortCycle-r18            ENUMERATED {ms1001over240, ms25over6, ms25over3, ms1001over120, ms100over9, ms25over2, ms40over3, ms125over9, ms50over3, ms1001over60, ms125over6, ms200over9, ms100over3, ms1001over30, ms125over3, ms1001over24, ms200over3, spare15, spare14, spare13, spare12, spare11, spare10, spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
        drx-ShortCycleTimer-r18                 INTEGER (1..16)
}                                                                 OPTIONAL,   -- Need R

drx-NonIntegerLongCycleStartOffset
drx-NonIntegerLongCycle in non-integer number of ms (e.g. ms1001over240 corresponds to 1001/240 ms, ms25over6 corresponds to 25/6 ms and so on) and drx-StartOffset in multiples of 1 ms. If drx-NonIntegerShortCycle is configured, the value of drx-NonInetegerLongCycle shall be a multiple of the drx-NonIntegerShortCycle value. If drx-NonIntegerLongCycleStartOffset-r18 is configured, the UE shall ignore drx-LongCycleStartOffset.



The issue on non-integer DRX cycle formula has been discussed in [3]. During the RAN2 #125bis meeting discussion, some companies’ views in chair’s note are listed below.
	Some companies think that:
-	if the issue is that the offset is longer than the cycle, we can add a restriction and network would make sure this doesn’t happen. 
[bookmark: _Hlk164952144]-	if this issue is because of the implementation of the floor operation.  
-	the solution is not perfect as in some cases long DRX cycle cannot be integer of short DRX cycle.  
-	this misalignment is one cycle so not sure we need to solve it.  



In this paper, we give additional views on this issue and give our proposal to resolve such issue.

2	Discussion
The issue happens for all configured drx-NonIntegerShortCycle. Without loss of generality, we give one example on specific configured value only for illustrating the issue clearly. In this paper, we take drx-NonInetegerLongCycle = ms25over2 and drx-NonIntegerShortCycle = ms25over6 as example.
Based on the spec formula, the beginning subframe of a DRX cycle for different configured drx-StartOffset is shown in Figure 1. The subframe labelled by ‘S’ indicates the beginning subframe of the short DRX cycle. The subframe labelled by ‘L’ indicates the beginning subframe of the long DRX cycle. The subframe labelled by ‘SL’ indicates the beginning subframe of both the short DRX cycle and the long DRX cycle.
[image: ]
Figure 1. Beginning subframe of a DRX cycle based on spec formula
Based on the Figure 1, we have the following observations for the spec formula:
· When drx-StartOffset is equal to floor(drx-NonIntegerShortCycle), the periodicity of short DRX cycle is not correct. 
· Take drx-StartOffset = 4 as an example, the beginning subframe of each short DRX cycle is marked in red in the Figure 1. As we can see, the periodicity is 25 ms, which is much greater than the configured short DRX cycle (i.e., 25/6 ms).
· When drx-StartOffset is larger than floor(drx-NonIntegerShortCycle), the beginning subframe of the short DRX cycle and the long DRX are not always aligned. 
· Take drx-StartOffset = 5 as an example, for the beginning subframe of short and long DRX cycle marked in orange in the same row in the Figure 1. We can see that there is 1 subframe misalignment between the short DRX cycle and the long DRX cycle.
Even though we could have some RRC restrictions to avoid such issue, for example:
· RRC restriction option 1: RRC does not configure drx-StartOffset equal to floor(drx-NonIntegerShortCycle).
· RRC restriction option 2: RRC configures drx-StartOffset less than floor(drx-NonIntegerShortCycle).
However, we don’t think such RRC restriction is a better choice at this moment. The first reason is RRC restriction on drx-StartOffset will decrease the multiplexing capability for multiple users. We don’t have the similar restriction on legacy DRX cycle before. For RRC restriction method, we also need to change the TS for specifying those restriction explicitly. Otherwise, we are not sure whether implementation teams would notice such issues since the issue is not so obvious. The second reason is we have the chance to have a better method to resolve the found issue at this early stage of maintenance.
For the other comments in the last meeting, we think:
· This issue happens NOT because of the implementation of the floor operation, i.e., perfect floor operation still has this issue.
· Long DRX cycle shall always be an integer multiple of short DRX cycle as specified in TS38.331 that “the value of drx-NonInetegerLongCycle shall be a multiple of the drx-NonIntegerShortCycle value”.  
· Although misalignment issue will slightly affect power saving, it may not be so serious. But at least wrong short DRX cycle issue should be resolved.  
To resolve the issue, we can change the formula to:
· floor([(DRX_SFN_COUNTER × 10240) + (SFN× 10) + subframe number - drx-StartOffset] modulo (drx-NonIntegerShortCycle)) = 0 
Why such modification works? Mathematically, (A modulo C = B modulo C) and ((A – B) modulo C = 0) are equivalent, but (floor(X) = floor(Y)) and (floor(X – Y) = 0) are not equivalent. ((DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number) is the index of current subframe. (drx-StartOffset) is the index of reference point. When the distance between current subframe and reference point is about multiple times of the non-integer DRX cycle, which is floor(distance modulo cycle) = 0, the current subframe is considered to be the beginning subframe of a DRX cycle belongs to the reference point.
For the modified formula, the beginning subframe of a DRX cycle for different configured drx-StartOffset is shown in Figure 2. The meaning of labels in Figure 2 is the same as that in Figure 1.
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Figure 2. Beginning subframe of a DRX cycle for the modified formula
Based on the Figure 2, we have the following observations for the modified formula:
· For all configured drx-StartOffset values, the periodicity of short DRX cycle is correct.
· For all configured drx-StartOffset values, the beginning subframe of the short DRX cycle and the long DRX are always aligned.
Due to the good behaviour for the modified formula, we think it’s better to change the formula to resolve the issue.
Proposal 1: Change the formula of short DRX cycle to floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number - drx-StartOffset)] modulo (drx-NonIntegerShortCycle)) = 0
In figure 3, we illustrate the difference between spec formula and modified formula. The subframe labelled by ‘C’ indicates the beginning subframe of the short DRX cycle for both spec formula and modified formula. The subframe labelled by ‘X’ indicates the beginning subframe of the short DRX cycle for spec formula. The subframe labelled by ‘Y’ indicates the beginning subframe of the short DRX cycle for modified formula.
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Figure 3. Difference between spec formula and modified formula

3	Conclusion
In this contribution, we give our views on issues of non-integer DRX formula, and propose that:
Proposal 1: Change the formula of short DRX cycle to floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number - drx-StartOffset)] modulo (drx-NonIntegerShortCycle)) = 0

Annex A: TP for 38.321
[bookmark: _Toc29239849][bookmark: _Toc37296208][bookmark: _Toc46490335][bookmark: _Toc52752030][bookmark: _Toc52796492][bookmark: _Toc155999644]5.7	Discontinuous Reception (DRX)
<Omitted text>
[bookmark: _Hlk148289852]1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is not configured, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
[bookmark: _Hlk164236287]1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is configured, and floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number - drx-StartOffset] modulo (drx-NonIntegerShortCycle)) = floor[(drx-StartOffset) modulo (drx-NonIntegerShortCycle)]0:
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
<Omitted text>
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