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Introduction 
In this paper, we discuss the pros and cons of various options for resolving the mismatch between legacy integer DRX cycles and non-integer periodicity of XR traffic (referred to as “DRX mismatch problem” hereafter). We then provide reasonings on how to down select and choose the most desirable option. 
Discussion
At RAN2#121bis-e, RAN2 have agreed not to consider multiple active DRX configuration as a solution to the DRX mismatch problem. Hence there remain two competing categories of proposals:
· [8], which proposes to use uniform DRX cycles expressed as a rational number. For example, if the frame rate of XR traffic is FPS, then DRX cycle is 1000/FPS. For the convenience of discussion, we denote this proposal as Option 1 hereafter.
· [9], which actually is a collection of different proposals. The only commonality among them is that DRX cycle in their proposals use integer DRX cycles. 
Three options are included in [9]. For the convenience of discussion, we denote them as Option 2, 3 and 4, as follows: 
Option 2. 	Periodical adjustments to drx-StartOffset. This option introduces a new time shift for drx-StartOffset and a new periodicity N, so that the time shift for drx-StartOffset is applied periodically after every N cycles.
Option 3. 	Multiple on durations within one DRX cycle. In this option, there can be multiple on durations within a single DRX cycle and start of each on duration within a DRX cycle follows a pattern of drx-StartOffset. For example, for 60 fps, the length of DRX cycle is 50 msec. Within this 50 msec duration, there are three on durations, which have start offset at 0, 16 and 33 msec, respectively.
Option 4. 	Non-uniform integer DRX cycles. This option introduce a pattern of varying DRX cycles, e.g. for 60 fps, the pattern of DRX cycles can be (16, 17, 17) msec, etc. Note that this pattern can have different lengths for different frame rates. For example, 45 fps requires a pattern of 9 cycles, while 90 fps requires a pattern of 11 cycles.  
In the following, we analyse pros and cons of the above two categories of proposals.
According to the evaluation study documented in TR 38.835 [1], all four options, if properly configured, can provide compatible (not necessarily same) delay performance and power saving gains. However, we expect they may have varying levels of impact on the current RAN1/2/4 specs. 
A number of RAN1/4 procedures/timing requirements use DRX as one of its parameters. For example, 
· In TS 38.213, it is specified that physical layer should inform upper-layer of the link quality of configured RLM/BFD reference signals once per indication period, which is defined as the maximum between the shortest periodicity of the reference signals and UE’s DRX cycle. 
· In TS 38.133, UE is required to evaluate whether the radio link quality of its configured RLM/BFD reference signals has become worse than a configured threshold over an evaluation period, TEvaluate_BFD_SSB. This evaluation period TEvaluate_BFD_SSB is defined as a function of UE’s DRX cycle and the periodicity of the configured RLM/BFD reference signals (see Table 8.5.2.2-1 and 8.5.2.2-2).
In Option 3, there are multiple on durations within one DRX cycle. For example, if frame rate is 60 fps, then the DRX cycle can be configured to 50 msec. Within this 50 msec DRX cycle, there are three on durations, which may have start offset at 0, 16 and 33 msec, respectively. If 50 msec is used as the DRX cycle in the above RAN1/4 procedures/requirements, the UE will perform RLM/BFD measurements in longer periodicity than what should have been required. This would negatively impact the UE's ability to detect link failures in a timely manner. If a separate, fictitious DRX cycle is to be defined just for the purpose of RAN1/4 procedures and requirements, it is not clear which interval between two consecutive on durations would be most suitable (e.g. 16 or 17 msec?), because any one of them can lead to either under or over measurements. RAN1/4 thus will have to discuss how to define an appropriate DRX cycle for use in the RAN1/4 procedures and requirements.
The same issue applies to Option 4 (non-uniform integer DRX cycles) too. It is not clear which one of the DRX cycles should be used to determine the RLM/BFD indication period and TEvaluate_BFD_SSB. Choosing any of them can lead to either under or over measurements. Hence RAN1/4 will have to discuss what is an appropriate DRX cycle to use in this case.
Observation 1. 	Options that necessitate non-uniform DRX cycles or multiple on durations within a DRX cycle have non-trivial impacts on RAN1/4 specs but do not offer better performance (e.g. delay, power savings) than others.
Based on the above observation, we cannot find strong justifications to prioritize this particular set of options over the others. Therefore, in our view, they can be deprioritized.
Proposal 1.	Deprioritize options that require non-uniform DRX cycles or multiple on durations within a DRX cycle.
Next, we analyse the difference between Option 1 and 2. 
Those who oppose Option 1 often argue that performing floor and modulo operation on rational numbers may result in rounding errors, which can degrade its delay performance. We need to clarify that this statement is not correct. First, DRX cycles in Option 1 are rational numbers (e.g. 50/3 for 60 fps), not decimal numbers such as 16.67 for 60 fps. In addition, for rational numbers, there are different ways to implement their modulo operation without producing rounding errors. One such example is to apply the definition A mod B = A - B * floor(A/B), which is a well-established formula that can be found in many authoritative references on mathematics and computer science such as [2][3], as well as online resources such as MathWorld and Wikipedia. It is also mentioned in the contributions [4][5]. In this definition, the operation A/B reduces to an Euclidian division of two positive integers, in which the quotient directly yields the final result of the floor operation. That thus ensures no rounding error is introduced during the calculations.
Observation 2.	For the option with uniform DRX cycle expressed as a rational number, there are methods to implement modulo operation on rational numbers without rounding errors.
Therefore, if implemented properly, Option 1 (uniform DRX cycle expressed as a rational number) is able to offer compatible or better delay performance than the other options. This point can be illustrated by an example below, by comparing to Option 2 (i.e. periodic adjustments to drx-StartOffset). 
In this example, the frame rate of XR traffic is assumed to be 60 fps, and the DRX start offset is set to 0 in both options. And only long DRX cycle is configured in both options. For Option 1, the DRX cycle is set to 50/3 msec. For Option 2, the DRX cycle is set to 16 msec, drx_offset =3, and traffic_time_offset =2 ms (Note that these parameters are exactly the same as those provided in [6]). We then tabulate in Table 1 the differences between these two options, especially the amount of mismatch between traffic arrival time and start time of DRX on duration. 
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	Arrival time of data burst (ms)
	Option 1
	Option 2

	
	Start time of on duration (ms)
	Amount of mismatch (ms)
	Start time of on duration (ms)
	Amount of mismatch (ms)

	0.00
	0
	0.00
	0
	0.00

	16.67
	17
	-0.33
	16
	0.66

	33.33
	34
	-0.67
	32
	1.33

	50.00
	50
	0.00
	50
	0.00

	66.67
	67
	-0.33
	66
	0.66

	83.33
	84
	-0.67
	82
	1.33

	100.00
	100
	0.00
	100
	0.00

	116.67
	117
	-0.33
	116
	0.66

	133.33
	134
	-0.67
	132
	1.33

	150.00
	150
	0.00
	150
	0.00

	166.67
	167
	-0.33
	166
	0.66

	183.33
	184
	-0.67
	182
	1.33

	200.00
	200
	0.00
	200
	0.00



As shown in the above table, it is clear that Option 1 consistently exhibits a smaller amount of mismatch compared to Option 2 (i.e., 0.67 msec vs 1.33 msec). Our calculations have shown that Option 1 holds this advantage consistently across various frame rates.  
Observation 3.	The option with uniform DRX cycle expressed as a rational number consistently introduces less amount of mismatch between the start of traffic and DRX cycles across various frame rates than the option with periodic adjustment of drx-StartOffset.
Next, we compare the respective impacts of Option 1 and 2 on the MAC spec. 
For Option 1, the necessary changes to TS 38.321 are shown in red in the following:  
	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…)



Note that in this TP the same drx-ShortCycle and drx-LongCycle, are used for both integer and non-integer DRX cycles. That helps minimize changes to the legacy text. To enable that, in the field description of the new parameters required to define non-integer DRX cycles (i.e. the numerator and denominator of a rational number DRX cycle), we can specify that when they are present, their ratio shall be used as drx-ShortCycle and drx-LongCycle, respectively. 
For Option 2, the necessary changes to TS 38.321 are shown in red in the following (which are based on the TP provided in [6]): 
	When DRX is configured, the MAC entity shall:
1> set n-ShortCycle and tmp-ShortCycle to 0 and drx_ShortCycle to -1, if the Short DRX cycle is configured;
1> set n-LongCycle and tmp-LongCycle to 0 and drx_LongCycle to -1;
(…legacy text is omitted)
1> if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset + n-shortCycle × trafficTimeOffset-ShortCycle) modulo (drx-ShortCycle):
2> if (tmp-ShortCycle + 1) modulo (drx-OffsetShort) = 0:
3> increment n-ShortCycle by 1;
3> increment tmp-ShortCycle by 1.
2> Otherwise,
23>  start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe;
3> increment drx-ShortCycle by 1;
3> set tmp-ShortCycle to the value of drx_ShortCycle.
1> if the Long DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = (drx-StartOffset + n_longCycle × trafficTimeOffset-LongCycle) modulo (drx-LongCycle):
2> if (tmp-LongCycle + 1) modulo (drx-OffsetLong) = 0:
3> increment n-LongCycle by 1;
3> increment tmp-LongCycle by 1.
2> Otherwise,
3> increment drx-ShortCycle by 1;
3> set tmp-ShortCycle to the value of drx_ShortCycle.
(The rest of the legacy text is omitted…)



Comparing the changes required by the two options, one can observe that
· Option 1 requires minimal change to the legacy DRX formula. All the essential operations and steps in the formula remain unchanged. 
· On the other hand, Option 2 makes considerably more changes to the current spec text. It not only changes the legacy DRX formula but also require UE to maintain 6 new counters that need to be updated in every subframe. 
Observation 4.	The option with uniform DRX cycle expressed as a rational number has much less impact on the legacy DRX formula than the option with periodic adjustments to drx-StartOffset.  
The current DRX formula is a critical and well established feature. Making significant changes to the formula would require thorough testing to guarantee the correctness and robustness of a new enhancement. Therefore, it is not desirable to adopt an option that would require significant changes to the current DRX formula, unless the changes are well justified by clear and substantial benefits compared to other options. 
Some criticisms (e.g. [6][7]) have been raised against Option 1, questioning its forward compatibility in RRC configuration, based on the argument that it may not support new frame rates in the future. However, we believe that such concerns are unfounded, as the issue arises only if the ASN.1 signaling for new DRX cycles is poorly designed. Even if they were valid, they would apply equally to all options.
Observation 5. 	There is no forward compatibility issue with the option with uniform DRX cycle expressed as a rational number, if the ASN.1 signaling for new DRX cycles is properly designed. 
Based on Observation 3 and 4, it is reasonable to conclude that Option 2 does not meet that criterion. We hence propose that Option 1 should be selected over Option 2. 
Proposal 2. 	Adopt the option with uniform DRX cycle expressed as a rational number. 

Conclusion
Based on the above analysis, we’d propose that RAN2 discuss and agree with the following proposals:
Observation 1. 	Options that necessitate non-uniform DRX cycles or multiple on durations within a DRX cycle have non-trivial impacts on RAN1/4 specs but do not offer better performance (e.g. delay, power savings) than others.
Proposal 1.	Deprioritize options that require non-uniform DRX cycles or multiple on durations within a DRX cycle.
Observation 2.	For the option with uniform DRX cycle expressed as a rational number, there are methods to implement modulo operation on rational numbers without rounding errors.
Observation 3.	The option with uniform DRX cycle expressed as a rational number consistently introduces less amount of mismatch between the start of traffic and DRX cycles across various frame rates than the option with periodic adjustment of drx-StartOffset.
Observation 4.	The option with uniform DRX cycle expressed as a rational number has much less impact on the legacy DRX formula than the option with periodic adjustments of drx-StartOffset.
Observation 5. 	There is no forward compatibility issue with the option with uniform DRX cycle expressed as a rational number, if the ASN.1 signaling for new DRX cycles is properly designed. 
Proposal 2. 	Adopt the option with uniform DRX cycle expressed as a rational number. 
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