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1 Introduction
In previous RAN2 meetings, three types of solutions (solution 1, i.e., Rational number for DRX cycle periodicity, solution 2, i.e., DRX cycle adjustments and solution 3, i.e. multiple active DRX configurations) were discussed for aligning DRX cycles with non-integer periodicity of XR traffic patterns [1][2] and the following agreements were made.
· RAN2 #121 Agreements:

	· Companies should evaluate the RAN2 specification impacts and any other RAN2 aspects of their proposals for XR DRX.

· Companies should evaluate the (high-level) impacts to RAN1/4 specification from their proposals for XR DRX.

· 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.


· RAN2 #121bis-e Agreements:

	· RAN2 will not consider solution 3, i.e. multiple active DRX configurations as a solution to the non-integer periodicity for XR traffic, i.e. UE would have only one DRX configuration. 


· RAN2 #122 Agreements:

	· Define DRX cycle based on rational numbers. Inform RAN1/4 about this and ask them to indicate if this causes issues in their specifications. 


In this paper, we further discuss this issue and share our opinions.
2 Discussion
In legacy C-DRX, the subframes where the drx-onDurationTimer starts are determined by the following procedure.
	1>
if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):

2>
start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.


Assigning different drx-StartOffset values to different UEs can avoid simultaneous wake-up of UEs and achieve load balancing in time domain. Some methods derived from modifying the legacy DRX formulas also use the drx-StartOffset to define the subframe where the ODT starts for XR traffic [3][4]. However, these methods don't work well when DRX cycles are not uniform, as the maximum offset cannot be applied to a shorter DRX cycle. For example, the method proposed in [3] determines the subframes where the ODT starts based on the following procedure. 

	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…)


Assume that the frame rate of XR traffic is 60 fps. Although a uniform DRX cycle (i.e., 50/3) is used in the DRX formulas, the resulted DRX cycles are not uniform (e.g., 17, 17, 16). If the drx-StartOffset is set to 16, the left-hand side of the equation will be 0 (not the expected 16) when the SFN is 5 and the subframe number is 0. As a result, the ODT will not start, as shown in Figure 1.  
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Figure 1 Maximum offset cannot be applied to a shorter DRX cycle when the DRX cycles are not uniform.

The details are shown in the following table.
Table 1 Subframe numbers to start ODT with the DRX formulas proposed in [3]

	SFN
	Subframe number
	[(SFN × 10) + subframe number] modulo (50/3)
(the left-hand side of the equation without floor)
	floor ([(SFN × 10) + subframe number] modulo (50/3))
(the left-hand side of the equation)
	floor ((16) modulo (50/3))
(the right-hand side of the equation)
	ODT start

	0
	0
	0
	0
	16
	N

	0
	1
	1
	1
	16
	N

	1
	6
	16
	16
	16
	Y

	1
	7
	0.3333…
	0
	16
	N

	1
	8
	1.3333…
	1
	16
	N

	3
	2
	15.3333…
	15
	16
	N

	3
	3
	16.3333…
	16
	16
	Y

	3
	4
	0.6666…
	0
	16
	N

	4
	9
	15.6666…
	15
	16
	N

	5
	0
	0
	0
	16
	N


Similarly, the method proposed in [4] determines the subframes where the ODT starts based on the following procedure. 

	RRC spec.:

· Configure the super cycle to the UE

MAC spec.: 

1>
if the Short DRX cycle is used for a DRX group, and{ [(SFN × 10) + subframe number] modulo (SuperCycle) }modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):

2>
start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.


A super cycle is defined, and the “SFN*10+Subframe” in legacy DRX formula is processed by the operation of modulo towards the super cycle first. Assume that the frame rate of XR traffic is 60 fps. The super cycle will be 50ms because there are 3 frames per 50ms for 60fps. When the drx-ShortCycle is set to 17, three cycles, i.e., 17ms, 17ms, and 16ms, can be generated inside a super cycle. If the drx-StartOffset is set to 16, the left-hand side of the equation will be 0 (not the expected 16) when the SFN is 5 and the subframe number is 0. Eventually, the ODT will not start. The details are shown in Table 2.
Table 2 Subframe numbers to start ODT with the DRX formula proposed in [4]

	SFN
	Subframe number
	{ [(SFN × 10) + subframe number] modulo (50) }modulo (17)
(the left-hand side of the equation)
	(16) modulo (17)
(the right-hand side of the equation)
	ODT start

	0
	0
	0
	16
	N

	0
	1
	1
	16
	N

	1
	6
	16
	16
	Y

	1
	7
	0
	16
	N

	1
	8
	1
	16
	N

	3
	2
	15
	16
	N

	3
	3
	16
	16
	Y

	3
	4
	0
	16
	N

	4
	9
	15
	16
	N

	5
	0
	0
	16
	N


Based on the above analysis, we observe that the maximum offset cannot be applied to a shorter DRX cycle when the DRX cycles are not uniform. If a UE is configured by gNB with a maximum offset (e.g., drx-StartOffset modulo drx-ShortCycle = 16 in case of 60fps), significant performance degradation occurs, as shown in the Appendix.
Observation: Some methods derived from modifying the legacy DRX formulas to align with XR traffic pattern may not produce expected results because the maximum value of the offset cannot be applied to a shorter DRX cycle when the DRX cycles are not uniform.
One possible solution is to move the drx-StartOffset from the left-hand side of the equation to the right-hand side of the equation. For example, the formulas proposed in [3] can be modified as follows.

	1>
if the Short DRX cycle is used for a DRX group, and floor ([(SFN × 10) + subframe number ( drx-StartOffset] modulo (drx-ShortCycle)) = 0 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 ( drx-StartOffset] modulo (drx-LongCycle)) = 0 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…)


The modified formulas work well, and the details are shown in Table 3.

Table 3 Subframe numbers to start ODT with the modified DRX formulas

	SFN
	Subframe number
	[(SFN × 10) + subframe number ( 16] modulo (50/3)
(the left-hand side of the equation without floor)
	floor ([(SFN × 10) + subframe number ( 16] modulo (50/3))
(the left-hand side of the equation)
	0 (the right-hand side of the equation)
	ODT start

	0
	0
	0.6666…
	0
	0
	Y

	0
	1
	1.6666…
	1
	0
	N

	1
	5
	15.6666…
	15
	0
	N

	1
	6
	0
	0
	0
	Y

	1
	7
	1
	1
	0
	N

	1
	8
	2
	2
	0
	N

	3
	1
	15
	15
	0
	N

	3
	2
	16
	16
	0
	N

	3
	3
	0.3333…
	0
	0
	Y

	3
	4
	1.3333…
	1
	0
	N

	4
	8
	15.3333…
	15
	0
	N

	4
	9
	16.3333…
	16
	0
	N

	5
	0
	0.6666…
	0
	0
	Y


Proposal: If RAN2 agrees to modify the legacy DRX formulas to align with XR traffic pattern, the drx-StartOffset shall be moved from the left-hand side of the equation to the right-hand side of the equation.
3 Conclusion
Based on the above, we’d recommend RAN2 to discuss and agree with the following observation and proposal.

Observation: Some methods derived from modifying the legacy DRX formulas to align with XR traffic pattern may not produce expected results because the maximum value of the offset cannot be applied to a shorter DRX cycle when the DRX cycles are not uniform.
Proposal: If RAN2 agrees to modify the legacy DRX formulas to align with XR traffic pattern, the drx-StartOffset shall be moved from the left-hand side of the equation to the right-hand side of the equation.
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Appendix A - Simulation parameters
	Parameter
	value

	Scenarios
	Scenario-1: Indoor Hotspot 12 nodes in 50 m x 120 m

	Channel model
	InH

	Carrier frequency
	4GHz

	Bandwidth 
	50 MHz, 1.72% Guard Band

	Subcarrier spacing
	15 KHz 

	Frame structure
	DDDDU

	BS Antennas (M,N,P,Mg,Ng;Mp,Np)
	For 32T: (4,4,2,1,1;4,4), (dH,dV) = (0.5, 0.5)λ

	UE Antennas (M,N,P,Mg,Ng;Mp,Np)
	For 4R: (1,2,2,1,1;1,2), (dH, dV)=(0.5, N/A)λ

	BS antenna pattern
	Ceiling-mount pattern, 5 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	BS Power
	24 dBm per 20MHz

	UE max Power
	23 dBm 

	UE Power
	Max Tx power: 23 dBm, (P0 = -80, alpha = 0.8)

	ISD
	20 m

	BS height
	3 m

	UE height
	1.5 m

	Noise Figure
	BS:5 dB, UE:9 dB

	Max MCS
	256QAM

	Device deployment
	100% indoor

	Down-tilt
	90 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Target BLER
	10%

	UE speed
	3 km/h

	Traffic Parameter
	value

	Data rate
	30 Mbps@60fps for AR DL, 10 Mbps@60fps for AR UL

	Jitter distribution (STD, Max, Min)
	DL: (2, 4, -4); UL: no jitter

	DRX Parameter
	value

	DRX cycle
	Determined by the DRX formulas proposed in [3]

	inactivity timer value
	8 ms

	On duration timer value
	8 ms


Appendix B - Simulation results
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