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1 Introduction
In previous RAN2 meetings, the following agreements were reached for XR-specific power saving [1]:
	RAN2#119-e: 
1: RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.:
· DRX enhancements to address the issues of DRX cycle mismatch and jitter 
RAN2#119bis-e: 
1: At least RRC pre-configuration and switching of configurations of DRX could be considered for enhancements of XR power saving. Other solutions are not precluded and can be further discussed.
RAN2#120: 
1: DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling).
RAN2#121: 
1: Companies should evaluate the RAN2 specification impacts and any other RAN2 aspects of their proposals for XR DRX.
2: Companies should evaluate the (high-level) impacts to RAN1/4 specification from their proposals for XR DRX.
3: Companies should try to coordinate with each other offline and bring joint proposals to next meeting. RAN2 aims to exclude proposals with least support in the next meeting.




This contribution will discuss the various frame rates supported for DRX cycle mismatch in XR specific power saving. Furthermore, unnecessary power and unnecessary delay were introduced for suitable DRX cycle pattern.
2 Discussion
2.1 Background: Align DRX cycle to non-integer traffic periodicity
The mismatch between non-integral periods of XR traffic and legacy DRX periods was discussed in study phase. It will introduce unnecessary power and unnecessary delay. According to [2], several mechanisms were introduced.
Option 1: This will align the traffic arrival interval with two DRX cycles in a DRX configuration. As shown in Figure 1, there are two DRX cycles: 17ms and 16ms. The two DRX cycles are applied in a sequence of [16, 17, 17]
[image: ]Figure 1.  DRX cycle pattern (e.g. 16, 17, 17)


Option 2: Directly configure non-integer DRX cycle (e.g.16.67ms) that matches XR traffic periodicity.
Option 3: Adjust drx-startoffset to align traffic arrival interval and DRX cycle. As shown in Figure 2, the alignment will be adjust every three DRX cycles.
[image: ]
Figure 2.  drx-startoffset changed periodical to keep aligned

2.2 Various frame rates supported for the DRX cycle mismatch
In TR38.835 5.5.2 Layer 2 Enhancements, 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) [1]. The technical proposal should consider above mentioned XR frame rates.
The mechanism adjustment/modification for the above 3 options is as following,
 For option 1, 2 DRX cycle values is configured (e.g. 16ms and 17ms in IE DRX-Config: drx-LongCycleStartOffset value). Legacy long DRX cycle only configure with one value (in ms), how to configure two DRX cycle values need to further discussed, 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 120fps) in TR 38.385.
Observation 1: 9-cycle period sequence of 2 DRX cycle values can be considered.  


For option 2, Modification of IE DRX-Config by adding non-integer DRX cycle value (66.66, 33.33, 22.22, 16.66, 13.88, 11.11 and 8.33ms respectively). How to modify the DRX cycle value for recurring decimal of non-integer DRX cycles, it may need more bits to approach recurring decimal by floating point (e.g. 16.67ms) or rational number (two integer values to express recurring decimal, e.g. 50/3ms).
Observation 2: The spec impact need to further clarify.

For option 3, insert drx-startoffset(s) in each cycle period for aligning the non-integer traffic interval. Due to minimize the average delay time of DRX cycle starting, the drx-startoffset inserting can’t be done after each cycle period. Insert drx-startoffset(s) of 1 uniformly over the cycle period will be a feasible solution. The uniformly adjustment of drx-startoffset in each 9-cycle period can be considered.
Observation 3: The adjustment of drx-startoffset uniformly in each 9-cycle period can be considered.

2.3 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 pattern of 60fps [(17, 17, 16), (16,17,17),(17,16,17)], different 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 
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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 previous mismatch solutions proposed by companies were as follows:
· A set of new value of periodicity represented in rational numbers (e.g. 50/3ms,100/9ms, etc) are added for both short and long DRX cycles, as follows[4][5][6][7]: 
· floor{[(SFN × 10) + subframe number] modulo (drx-ShortCycle)} = floor{(drx-StartOffset) modulo (drx-ShortCycle)}

· It uses a new parameter integer values as cadences of XR traffic (e.g. 30, 60, 90 fps, etc), the cadence instead of periodicity of XR traffic is used to calculate the start time of DRX on durations., as follows[4]:
· ceiling([(SFN × 10) + subframe number] × drx-ShortCadence /1000) +1 = 
ceiling [([(SFN × 10) + subframe number] +1) × drx-ShortCadence/1000]:

· The XR traffic generation periodicity is 16.6666ms so that 3 cycle is generated evenly within every 50ms. Thus, DRX configuration should generate 3 cycles within every 50ms as show in figure 5 [8].
· { [(SFN × 10) + subframe number] modulo (SuperCycle) }modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):
[image: ]Figure 5 “Super cycle + Short cycle”



The above proposals produce limited 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 1: More DRX Cycle patterns is needed for each DRX cycle to achieve flexible trade-off between unnecessary power and delay, as show in Table 1

When DRX cycle of periodicity is represented in rational numbers (e.g. 50/3ms(60fps), 100/9ms(90fps)) 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, drx-shortcycle = 50/3. K values (0, 1/3, 2/3) and related DRX pattern, as show in Table 2.
Table 2 unnecessary power and delay for XR traffic of 60fps. 
Table 2 unnecessary power and delay for XR traffic of 60fps. 


	60fps
	Unnecessary
power
	Unnecessary
delay
	K

	[17,17,16]
	0 
	2% 
	0

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

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










· For 90fps, drx-shortcycle = 100/9. K values (0, 1/9, 2/9, 3/9, 4/9, 5/9, 6/9, 7/9, 8/9) and related DRX pattern, as show in Table 3. 

Table 3 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 2: Add K value of different DRX cycle patterns to achieve flexibility
3. Conclusions
The following observations were made:
Observation 1: 9-cycle period sequence of 2 DRX cycle values can be considered.  
Observation 2: The spec impact need to further clarify.
Observation 3: The adjustment of drx-startoffset uniformly in each 9-cycle period can be considered.
Observation 4: Observation 1 and observation 3 are equivalent in the sense of average delay time, but different spec impact.
Proposal 1: More DRX Cycle patterns is needed for each DRX cycle to achieve flexible trade-off between unnecessary power and delay, as show in Table 1
Proposal 2: Add K value of different DRX cycle patterns to achieve flexibility
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