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1 Introduction
In RAN2#122 meeting, the following agreements were reached for XR-specific power saving [1]:
	RAN2#122: 
DRX handling for non-integer periodicity:
· Define DRX cycle based on rational numbers. Inform RAN1/4 about this and ask them to indicate if this causes issues in their specifications.


This contribution discuss the rational number DRX cycles for IE DRX Config. In addition, DRX cycle configuration selection based to condition of unnecessary power and unnecessary delay in the design of C-DRX enhancement for XR.
2 Discussion
In TR38.835, it mentioned XR frame rates (15, 30, 45, 60, 72, 90 and 120fps) correspond to periodicities which are not an integer (66.66, 33.33, 22.22, 16.66, 13.88, 11.11 and 8.33ms respectively) [3]. The DRX cycle pattern should support various frame rates.
2.1  IE DRX Config
The “DRX cycle based on rational numbers” is decided in RAN2#122. The further discussion of rational number in DRX Config information element (TS 38.331) is as following:
DRX cycle represented by rational number (n/m). Numerator “n” can be considered as hyper cycle (50ms for 60fps) and denominator “m” can be considered as the number of cycles per hyper cycle (3 for 60fps). Two models for  designing ”n” and “m” are as following:
Model A: In TR38.835, it mentioned various XR frame rates.  Discussions about  the corresponding DRX cycle by rational number (200/3, 100/3, 200/9, 50/3, 125/9, 100/9, 25/3) for various XR traffic rates (15 fps, 30fps, 45fps, 60fps, 72fps, 90fps, 120fps ) are the various XR traffic rates are classified using the denominator:
· When denominator "m" is “3”, numerator "n" is in the subset [200,100,50,25] of set [200, 125, 100, 50, 25] (200 for 15fps, 100 for 30fps, 50 for 60fps, 25 for 120fps),
· When denominator "m" is “9”, numerator "n" is in the set [200,125,100] of set [200, 125, 100, 50, 25]  (200 for 45fps, 125 for 30fps, 100 for 90fps).
Therefore, C-DRX cycle by rational number (n/m) can be represented by the combination of denominator "m" in set [3, 9] and numerator "n" in set [200, 125, 100, 50, 25].
Model B: when XR traffic is 60fps (50/3ms), DRX cycle pattern needs 3-cycle period. In TR38.835, there mentioned many XR frame rate, design different suitable DRX cycle pattern is needed. For XR frame rates (15, 30, 60 and 120fps), 3-cycle period sequence is suitable. For XR frame rates (45, 72 and 90fps), 9-cycle period sequence is suitable. In general, design 9-cycle period pattern is sufficient for whole XR frame rates (15, 30, 45, 60, 72, 90 and 120fp). C-DRX cycle by rational number can be represented as ”n/9”,where  numerator "n" in set [600, 300, 200, 150, 125, 100, 75 ].
Proposal 1: Two kinds of rational number DRX cycle representation in IE DRX Config can be further discussed. 
· Model A: denominator "m" is in set [3, 9], numerator "n" is in set [200, 125, 100, 50, 25 ],
· Model B: denominator "m" is in set [9], numerator "n" is in set [600, 300, 200, 150, 125, 100, 75].

2.2 Unnecessary power and unnecessary delay consideration for DRX cycle patterns
In XR power saving, different DRX patterns will cause unnecessary power and unnecessary delay. For each possible DRX patterns of 60fps [(17, 17, 16), (16, 17, 17), (17, 16, 17)], different conditions unnecessary delay and unnecessary power was show as table 1.Table 1 unnecessary power and delay for 
XR traffic of 60fps. 

60fps
Power
Delay
[17,17,16]
0 
2% 
[17,16,17]
0.68%
0.66% 
[16,17,17]
2%
0 
 Table 1 unnecessary power and delay for 
XR traffic of 60fps. 



	60fps
	Unnecessary
power
	Unnecessary
delay

	[17,17,16]
	0 
	2% 

	[17,16,17]
	0.68%
	0.66% 

	[16,17,17]
	2%
	0 












For example, the calculation of unnecessary power for DRX pattern (16, 17, 17) is as below (unnecessary power consumption was calculated proportionally to early wake-up time in average):
“(0.67ms+0.33ms+0ms) / 50m] *100% = 2%”. As show in figure 3.
· 0.67ms was caused by early wake-up for first cycle (16ms vs 16.67ms).
· 0.33ms was caused by early wake-up for second cycle (33ms vs 33.33ms).
· 0 ms was caused by early wake-up for third cycle (50ms vs 50ms).
The other two patterns ([17, 17, 16], [17, 16, 17]) were also calculated.
[image: ]Figure 3. Unnecessary power for mismatch of DRX cycle (16, 17, 17) non-integer (50/3) XR traffic.

For example, the calculation of unnecessary delay for DRX pattern (17, 17, 16) is as below (unnecessary delay was calculated proportionally to early packet arrival time in average):
(0.33ms+0.66ms) / 50m] *100% = 2%. As show in figure 4.
· 0.33ms was caused by early packet arrival time for first cycle (17ms vs 16.67ms).
· 0.66ms was caused by early packet arrival time for second cycle (34ms vs 33.34ms).
· 0 ms was caused by early packet arrival time for third cycle (50ms vs 50ms).
The other two patterns ([16, 17, 17], [17, 16, 17]) were also calculated.
[image: ]Figure 4. Unnecessary delay for mismatch of DRX cycle (17, 17, 16) and non-integer (50/3) XR traffic.


In previous meetings, the mismatch between legacy DRX cycle length of 16ms and non-integer XR traffic cycle of 16.67ms (60fps) was discussed but no further clarify the additional consumptions (e.g. unnecessary power, unnecessary delay).
The above proposals produce fixed patterns, either produce maximum unnecessary delay (e.g. [17, 17, 16], as show in Figure 4.) or maximum unnecessary power (e.g. [16, 17, 17] as show in Figure 3). Therefore, a flexible mechanism producing different patterns is necessary.
Proposal 2: More DRX Cycle patterns are needed for each DRX cycle to achieve flexible trade-off between unnecessary power and delay.
When DRX cycle of periodicity is represented in rational numbers (e.g. 60fps-50/3ms, 90fps-100/9ms) for both short and long DRX cycles. Then” floor” is added to the formula for determining the start time of DRX on durations by major companies.
A new K value can be added to the formula for producing more patterns, the updated formula for short DRX cycle is as follows: 
· floor{ [(SFN × 10) + subframe number + K] modulo (drx-ShortCycle) }= 
floor{ (drx-StartOffset) modulo (drx-ShortCycle)}
When K satisfy below equation, each K value is mapping to one DRX cycle pattern. 
· K modulo [celling (drx-shortcycle) - drx-shortcycle] = 0 , K belong to [0,1)
For 60fps, the corresponding K and DRX patterns are shown as Table:
· Option 1.1: K values (0, 1/3, 2/3), non-integer DRX cycle of unnecessary power and delay for XR, as show in Table 2.Table 2 Ration number pattern of unnecessary power and delay for XR traffic (60fps).


	60fps
	Unnecessary
power
	Unnecessary
delay
	K(value)

	[17,17,16]
	0 
	2% 
	0

	[17,16,17]
	0.67%
	0.67% 
	1/3

	[16,17,17]
	2%
	0 
	2/3












· For 90fps, the corresponding K and DRX patterns are shown as Table 5
· K values (0, 1/9, 2/9, 3/9, 4/9, 5/9, 6/9, 7/9, 8/9), non-integer DRX cycle of unnecessary power and delay for XR, as show in Table 5.
Table 5 unnecessary power and delay for XR traffic of 90fps   

Table 2 unnecessary power and delay for XR traffic of 90fps   


	90fps
	Unnecessary
power
	Unnecessary
delay
	K

	[12,11,11,11,11,11,11,11,11]
	0
	4%
	0

	[11,12,11,11,11,11,11,11,11]
	0.11%
	3.15%
	1/9

	[11,11,12,11,11,11,11,11,11]
	0.33%
	2.37%
	2/9

	[11,11,11,12,11,11,11,11,11]
	0.66%
	1.7%
	3/9

	[11,11,11,11,12,11,11,11,11]
	1.1%
	1.14%
	4/9

	[11,11,11,11,11,12,11,11,11]
	1.65%
	0.69%
	5/9

	[11,11,11,11,11,11,12,11,11]
	2.31%
	0.35%
	6/9

	[11,11,11,11,11,11,11,12,11]
	3.08%
	0.12%
	7/9

	[11,11,11,11,11,11,11,11,12]
	4%
	0
	8/9



Proposal 3: Add different K value for producing different DRX cycle patterns.
3. Conclusions
Proposal 1: Two kinds of rational number DRX cycle representation in IE DRX Config can be further discussed. 
· Model A: denominator "m" is in set [3, 9], numerator "n" is in set [200, 125, 100, 50, 25 ],
· Model B: denominator "m" is in set [9], numerator "n" is in set [600, 300, 200, 150, 125, 100, 75].
Proposal 2: More DRX Cycle patterns are needed for each DRX cycle to achieve flexible trade-off between unnecessary power and delay.
Proposal 3: Add different K value for producing different DRX cycle patterns.
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