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1	Introduction
DRX cycle alignment and SFN wrap around issues for XR power saving enhancements have been discussed in the previous RAN2 meetings with the following agreements reached:
	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. 
To address SFN wrap around, it is proposed to adopt option with a counter in DRX formula that increments at every SFN wrap around and an DRX reference SFN signalled by network. FFS if this is based on H-SFN, E-SFN or a generic counter.


We further discuss those issues in this contribution.
2	DRX cycle alignment
We re-attach the table from [1] with some corrections analysing the option 1 with non-integer/rational DRX cycles (added option 1.3 based on [2]) and option 2 with integer DRX cycles. 
Table 1: DRX cycle alignment solutions comparison
	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: 
more complexity for the MAC implementation since cadence was not used in legacy.


	Option 1.3
	Rational number for DRX cycle, e.g. 50/3
	RRC: DRX cycle configured with pair of (50, 3) which results in rational number for DRX cycle

MAC: floor operation for the formula
	No impact foreseen
	No impact foreseen
	Pros:
No accumulated error. Simple modification to the formula with floor operation.
Cons: 
Modulo of rational numbers needed.

	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
	It needs to be made clear which cycle is used in RAN4 requirement.
	Pros: 
No need to have modulo of rational numbers.
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


We understood from [2] that option 1.1 is clarified as option 1.3 above and 1.2 has been dropped so that it is reset every 3 cycles without accumulating error with non-integer cycles, which leads to the same starting time of onDuration as option 2 (with numbers for option 2 corrected the assumption of 17, 17, 16 pattern for option 2) as shown in the table below. 
[bookmark: _Ref130723876]Table 2. starting time of OnDuration for Option 1 and 2
	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
	17
	-0.33

	33.33
	34
	-0.67
	34
	-0.67

	50.00
	50
	0.00
	50
	0.00

	66.67
	67
	-0.33
	67
	-0.33

	83.33
	84
	-0.67
	84
	-0.67

	100.00
	100
	0.00
	100
	0.00

	116.67
	117
	-0.33
	117
	-0.33

	133.33
	134
	-0.67
	134
	-0.67

	150.00
	150
	0.00
	150
	0.00

	166.67
	167
	-0.33
	167
	-0.33

	183.33
	184
	-0.67
	184
	-0.67


Observation: no difference from the start time point of view for all the (sub)options when the UE wakes up the on Duration. Which option to adopt is more of a modelling issue.
Therefore, in the end there is no real technical difference between the two options. The only question is how to reflect it in the specification to achieve the wake-up pattern of (17, 17, 16) within 50ms. Thus, it should be possible to find the commonality among the two options to solve the issue that has been pending for many meetings. 
To avoid introducing non-integer DRX cycle, it could be enough to configure an integer hyper cycle (e.g. 50ms) and number of cycles within the hyper cycle (e.g. 3), then with the floor operation as proposed to the MAC formula it would result in the pattern of 17, 17, 16 as shown in the table above without introducing the counter to check at which cycle when an adjustment is needed. According to the typical frame rate captured in the stage 2 running CR (R2-2304393), possible combinations of hyper cycle and number of cycles per hyper cycle (100, 3), (200, 9), (50, 3), (125, 9), (100, 9), (25, 3) could cover the frame rate of 30fps, 45fps, 60fps, 72fps, 90fps, 120fps.
In summary, one possible solution could be to introduce an integer hyper cycle and number of cycles per hyper cycle as RRC parameters and make the MAC formula with floor operation. 
Proposal 1: DRX cycle is defined as hyper cycle / number of cycles per hyper cycle. Possible combinations of hyper cycle and number of cycles per hyper cycle are: (100, 3), (200, 9), (50, 3), (125, 9), (100, 9), (25, 3) for the frame rate of 30fps, 45fps, 60fps, 72fps, 90fps, 120fps.
Proposal 2: for DRX cycle alignment, introduce an integer hyper cycle and number of cycles per hyper cycle as RRC parameters and make the MAC formula change as follows:
	1>  if the Long DRX cycle is used for a DRX group, and floor ([(SFN × 10) + subframe number] modulo (drx-LongCycle)) = drx-StartOffset:


Proposal 3: discuss whether it is enough to only support Long Cycle or Short Cycle should also be supported.
2.2	SFN wraparound
It was agreed to use a counter which is increased at every SFN wrap around. 
	To address SFN wrap around, it is proposed to adopt option with a counter in DRX formula that increments at every SFN wrap around and an DRX reference SFN signalled by network. FFS if this is based on H-SFN, E-SFN or a generic counter.



The remaining question is how to make sure the initial counting starts from the same SFN at the UE and the NW side considering the RRC message processing time and potential retransmissions. 
Some possible options have been proposed:
-	Option 1: indicate Hyper-SFN in SIB as done for eDRX.
-	Option 2: indicate Hyper-SFN number with dedicated RRC signalling when DRX is configured;
-	Option 3: parameter drxReferenceSFN similar to timeReferenceSFN introduced for Rel-16 CG is used as reference;
For option 1, Even though Hyper-SFN in SIB is already supported for eDRX, but if the cell does not support eDRX, requiring it to broadcast Hyper-SFN seems to be overkilling.
The main difference between option 2 and option 3 are the value range needed for the reference point. Option 2 would be with the range of e.g. (0..1023), while option 2 with only one code point of sfn512 and 0 is assumed if not present. Option 3 seems to be simpler and enough as it does not matter which Hyper SFN it really is as long as the NW and UE using the same timing reference.
	        timeReferenceSFN-r16                ENUMERATED {sfn512}                                                    OPTIONAL    -- Need S
timeReferenceSFN
Indicates SFN used for determination of the offset of a resource in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the configured grant configuration, see TS 38.321 [3], clause 5.8.2. If the field timeReferenceSFN is not present, the reference SFN is 0.


Proposal 4: option 3 with drxReferenceSFN is used as the reference for SFN wrap around.
Proposal 5: The formula is changed as follows:
	1>	if the Long DRX cycle is used for a DRX group, and [(SFN × 10 + N × 10240 + drxReferenceSFN  × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:


Proposal 6: When both hyper cycle and drxReferenceSFN are configured, the formula for Long DRX Cycle would be as follows:
	1>  if the Long DRX cycle is used for a DRX group, and floor ([(SFN × 10 + N × 10240 + drxReferenceSFN × 10) + subframe number] modulo (drx-LongCycle)) = drx-StartOffset :


Proposal 7: the legacy formula should be left untouched and which new one is used depends on whether either hyper cycle or drxReferenceSFN or both are configured.
3	Conclusion
DRX cycle alignment and SFN wraparound issues are discussed in the contribution with the following observation and proposals made:
Observation: no difference from the start time point of view for all the (sub)options when the UE wakes up the on Duration. Which option to adopt is more of a modelling issue.
Proposal 1: DRX cycle is defined as hyper cycle / number of cycles per hyper cycle. Possible combinations of hyper cycle and number of cycles per hyper cycle are: (100, 3), (200, 9), (50, 3), (125, 9), (100, 9), (25, 3) for the frame rate of 30fps, 45fps, 60fps, 72fps, 90fps, 120fps.
Proposal 2: for DRX cycle alignment, introduce an integer hyper cycle and number of cycles per hyper cycle as RRC parameters and make the MAC formula change as follows:
	1>  if the Long DRX cycle is used for a DRX group, and floor ([(SFN × 10) + subframe number] modulo (drx-LongCycle)) = drx-StartOffset:


Proposal 3: discuss whether it is enough to only support Long Cycle or Short Cycle should also be supported.
Proposal 4: option 3 with drxReferenceSFN is used as the reference for SFN wrap around.
Proposal 5: The formula is changed as follows:
	1>	if the Long DRX cycle is used for a DRX group, and [(SFN × 10 + N × 10240 + drxReferenceSFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:


Proposal 6: When both hyper cycle and drxReferenceSFN are configured, the formula for Long DRX Cycle would be as follows:
	1>  if the Long DRX cycle is used for a DRX group, and floor ([(SFN × 10 + N × 10240 + drxReferenceSFN × 10) + subframe number] modulo ((drx-LongCycle))) = drx-StartOffset :


Proposal 7: the legacy formula should be left untouched and which new one is used depends on whether either hyper cycle or drxReferenceSFN or both are configured.
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