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1	Introduction
The following agreements were captured in the previous RAN2 meeting on DRX cycle alignment with non-integer traffic pattern:
	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.



2	Discussion
The solutions that have been discussed so far are basically in three main directions with different variations 
· Option 1: with non-integer DRX cycles introduced
· Option 1.1: Introduce non-integer DRX cycles [1] [2] [3] [4] [5] [6] [7]
· Option 1.2: use cadence instead of periodicity [1]
· Option 2: with integer DRX cycles and non-uniform OnDuration periodicity
· Option 2.1: non-uniform integer DRX cycles pattern [6] [8] [9] [10] [11]
· Option 2.2: multiple onDuration starting offset with single DRX cycle length [8] [12]
· Option 2.3: Adjustment DRX cycle length/start offset every number of cycles with integer DRX cycle [10] [13] [14] [15] [16] [17] [18]
· Option 3: multiple active DRX configurations [19]
In the following table, we provide a summary of the solutions w.r.t. RAN2/RAN1/RAN4 impact:
Table 1: DRX cycle alignement solutions comparaison
	Solutions
	Description
	RAN2 impact
	RAN1 impact
	RAN4 impact
	Pros and cons

	Option 1.1
Introduce non-integer DRX cycles
	Introduce non-integer DRX cycles e.g. 16.67ms, 11.11ms, etc to align with the XR traffic periodicity
	RRC: non-integer DRX cycle values to be added 

MAC: the OnDuration formula to be updated with floor() operation
	No impact foreseen.
	No big issue foreseen, floor() operation also possible for requirement if needed
	Pros: 
Simple from RAN2 specification point of view.
Cons: 
i) a quantization / numerical error remains due to the finite number of bits to represent an infinite number of digits in drx-LongCycle (the dividend) which will accumulate a small drift still for each cycle
(ii) complexity of performing a modulo operation with a fractional and recurring number
(iii) floor() operation always anticipate the beginning of the DRX cycle whereas the system should be able to anticipate and postpone the beginning of the DRX cycle.


	Option 1.2
use cadence instead of periodicity 
	cadences of XR traffic (e.g. 30, 60, 90 frame per sec, etc) is used to decide OnDuration start time
	RRC: cadence according to the XR traffic to be configured instead of DRX cycles

MAC: formula to be updated to use cadence other than DRX Cycle
	No impact foreseen
	Same as above
	Pros: 
No accumulated error compared to option 1.1.
Cons: 
i) more complexity for the MAC implementation since cadence was not used in legacy.
ii) issue with PDCCH occasion alignment


	Option 2.1
non-uniform integer DRX cycles pattern

	Configure DRX cycle of 16ms, 17ms, 17ms
	RRC: the pattern to be configured

MAC: formula to be updated to reflect the pattern
	No impact foreseen
	No impact foreseen
	Pros: 
No impact to RAN1/RAN4.
Cons: 
Complexity for the MAC to reflect the pattern in the formula.

	Option 2.2
multiple onDuration starting offset with single DRX cycle length
	Multiple starting offset which results in wake up at 16ms, 17ms, 17ms even with DRX cycle configured as e.g. 50ms
	RRC: configure a list of start offset 

MAC: the formula to be applied for each configured offset to wake up for all the start offset
	No impact foreseen
	The actual used DRX cycle, e.g. 16ms or 17ms should be used for the requirement instead of 50ms
	Pros: 
Small impact to RRC and MAC specifications.
Cons: 
The actual wakeup periodicity is not the configured DRX cycle length which needs to be taken into account in the RAN4 requirement.


	Option 2.3
Adjustment every number of cycles with integer DRX cycle

	With adjusting either the start offset or DRX cycle length to certain DRX cycle(s) to result in 16ms, 17ms, 17ms within each hyper cycle of 50ms 
	RRC: configure the adjustment offset and hyper DRX cycle value or number of cycles to apply the offset
MAC: the formula to be updated to reflect when the offset is to be applied
	No impact foreseen
	No impact foreseen
	Pros:
No impact to RAN1/RAN4.
Cons:
Some complexity to update the MAC formula to reflect the start offset or DRX cycle length adjustment

	Option 3
Multiple active DRX configurations
	Multiple active DRX configurations which could result in the UE wakes up at 16ms, 17ms, 17ms 
	RRC: to configure multiple DRX configurations 
MAC: current procedure only assumes one active DRX configuration
	No impact foreseen
	Unclear which configuration to be used for the RAN4 requirement when there are multiple.
	Pros: 
No change to the MAC formula
Cons: 
i) Impact on MAC procedure which only assumes one active DRX configuration. 
ii) less power efficient since the UE needs to wake up as the timers are running independently comparing to only one set of DRX timer.



Based on the above table, we have the following observations on the options:
Observation 1: all the solutions have no impact in RAN1 foreseen.
Observation 2: Option 1 with non-integer DRX cycle length is more complex from implementation point of view and numerical error remains even though the specification change is small.
Observation 3: For the variation of option 2 category with integer DRX cycle length, they differ mainly on the implementation/modelling, but they all result in the same OnDuration waking up pattern.
Observation 4: Option 3 with multiple active DRX cycle is more complex from procedure point of view and less power efficient, which defeats the purpose.
Proposal 1: Option 1 with non-integer DRX cycle values and option 3 with multiple active configurations are not considered further. 
Proposal 2: Option 2 based on RRC configuration with integer DRX cycle value(s) is used for the UE to compensate the accumulated drift due to the misalignment of XR and DRX periodicities, considering e.g., adjusting the value of the start offset and/or DRX cycle is changed. 
Proposal 3: Detailed RRC parameters to be introduced and how/if it would impact the formula in MAC depends on the modelling details with the different sub-options, which can be discussed further in the coming meetings.
3	Conclusion
Details on DRX cycle alignment for XR non-integer periodic traffic are discussed in this contribution with the following observations and proposals:
Observation 1: all the solutions have no impact in RAN1 foreseen.
Observation 2: Option 1 with non-integer DRX cycle length is more complex from implementation point of view and numerical error remains even though the specification change is small.
Observation 3: For the variation of option 2 category with integer DRX cycle length, they differ mainly on the implementation/modelling, but they all result in the same OnDuration waking up pattern.
Observation 4: Option 3 with multiple active DRX cycle is more complex from procedure point of view and less power efficient, which defeats the purpose.
Proposal 1: Option 1 with non-integer DRX cycle values and option 3 with multiple active configurations are not considered further. 
Proposal 2: Option 2 based on RRC configuration with integer DRX cycle value(s) is used for the UE to compensate the accumulated drift due to the misalignment of XR and DRX periodicities, considering e.g., adjusting the value of the start offset and/or DRX cycle is changed. 
Proposal 3: Detailed RRC parameters to be introduced and how/if it would impact the formula in MAC depends on the modelling details with the different sub-options, which can be discussed further in the coming meetings.
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