[bookmark: _Hlk131174226]3GPP TSG-RAN WG2 Meeting #125bis	R2-24xxxx
Changsha, China, April 15th – 19th, 2024

Agenda Item:	7.5.3.3 Others
Source:	NEC
Title:	Remaining issues on non-integer DRX cycle
Document for:	Discussion and Decision
1	Introduction
In this paper, we discuss and give our views on the remaining issues of non-integer DRX cycle in current TS38.321 [1].

2	Discussion
2.1	Issues of non-integer DRX cycle formula
We give examples of subframes and offset mapping relationship based on current formula in table-1. In this example, we assume the configured long DRX cycle is 25/2 ms and configured short DRX cycle is 25/6 ms. The values in the table is to which DRX offset of a subframe belongs, which is determined based on the left side (LHS) value of the TS formula calculated based on subframe index.
For long DRX cycle, drx-StartOffset can be configured from 0 to 11. Subframe #0 and subframe #13 have the same LHS value 0, thus they are the starting subframe of drx-StartOffset = 0, and so on. For subframe #12, since the calculated LHS value is 12 but the allowed RHS configured value is from 0 to 11, subframe #12 would not be the starting subframe of any drx-StartOffset. We use ‘NA’ in the table to indicate that the subframe is invalid to be the starting subframe of DRX cycle.
For short DRX cycle, we have three columns separately for the drx-StartOffset values configured from 0 to 3, from 4 to 7 and from 8 to 11. Since for right side (RHS) values having (0 modulo drx-NonIntegerShortCycle) = (5 modulo drx-NonIntegerShortCycle), drx-StartOffset = 5 has the same starting subframe as drx-StartOffset = 0, and so on. We should notice that RHS value is 4 for drx-StartOffset = 4, and LHS value is also 4 for subframe #4 (marked by red in table-1).
	table-1: Subframe index and drx-StartOffset mapping (Current formula)

	DRX cycle
	drx-NonIntegerShortCycle
	drx-NonIntegerLongCycle

	
	25/6 ms
	25/2 ms

	subframe index
	StartOffset 0-3
	StartOffset 4-7
	StartOffset 8-11
	StartOffset 0-11

	0
	0
	5
	9
	0

	1
	1
	6
	10
	1

	2
	2
	7
	11
	2

	3
	3
	NA
	8
	3

	4
	NA
	4
	NA
	4

	5
	0
	5
	9
	5

	6
	1
	6
	10
	6

	7
	2
	7
	11
	7

	8
	3
	NA
	8
	8

	9
	0
	5
	9
	9

	10
	1
	6
	10
	10

	11
	2
	7
	11
	11

	12
	3
	NA
	8
	NA

	13
	0
	5
	9
	0

	14
	1
	6
	10
	1

	15
	2
	7
	11
	2

	16
	3
	NA
	8
	3

	17
	0
	5
	9
	4

	18
	1
	6
	10
	5

	19
	2
	7
	11
	6

	20
	3
	NA
	8
	7

	21
	0
	5
	9
	8

	22
	1
	6
	10
	9

	23
	2
	7
	11
	10

	24
	3
	NA
	8
	11



We have the following observations for the current formula:
· When drx-StartOffset, which is from 0 to floor(drx-NonIntegerLongCycle) - 1, equals to floor(drx-NonIntegerShortCycle), (marked by red in table-1), the periodicity of short DRX cycle is not drx-NonIntegerShortCycle, because many subframes cannot be used here (i.e. it is ‘NA’ in the table-1).
· For some configured drx-StartOffset values, for example ‘9’ in the table, starting subframes of short DRX and long DRX are aligned in some cycles (marked by green in table-1), but are not aligned in other cycles (marked by yellow in table-1).
Observation 1: For the formula of short DRX in TS38.321, it has the following issues:
· Wrong DRX cycle for some configured drx-StartOffset.
· Misaligned short DRX and long DRX cycle for some configured drx-StartOffset.
To overcome the issues, we propose to modify the formula as following:
· floor([(DRX_SFN_COUNTER × 10240) + (SFN× 10) + subframe number - drx-StartOffset] modulo (drx-NonIntegerShortCycle)) = 0 
Why such modification works? Mathematically, (A modulo C = B modulo C) and ((A – B) modulo C = 0) are equivalent, but (floor(X) = floor(Y)) and (floor(X – Y) = 0) are not equivalent. For the agreement of “At least use legacy formula and add floor operation” made in RAN2 #123bis meeting, where legacy formula is (X = Y) style and equivalent to (X – Y = 0) style, it is worth to study which is better between (floor(X) = floor(Y)) and (floor(X – Y) = 0). Such modification may have different mapping table. Meanwhile, the meaning of modified formula is clear. ((DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number) is the index of current subframe. (drx-StartOffset) is the index of reference point. When the distance between current subframe and reference point is about multiple times of the cycle, which is floor(distance modulo cycle) = 0, the current subframe is considered to be the starting subframe of a DRX cycle belongs to the reference point.
For the modified formula, we have a new subframes and offset mapping in table-2. The meaning of the values in table-2 is the same as that of table-1. For table-2, we have the observation that:
· When drx-StartOffset values are configured from 0 to floor(drx-NonIntegerShortCycle) - 1, current formula and modified formula have the same result.
· For all configured drx-StartOffset values, the periodicity of short DRX cycle is always drx-NonIntegerShortCycle.
· For all configured drx-StartOffset values, starting subframes of short DRX and long DRX are aligned in all cycles.
	table-2: Subframe index and drx-StartOffset mapping (Modified formula)

	DRX cycle
	drx-NonIntegerShortCycle
	drx-NonIntegerLongCycle

	
	25/6 ms
	25/2 ms

	subframe index
	StartOffset 0-3
	StartOffset 4-7
	StartOffset 8-11
	StartOffset 0-11

	0
	0
	4
	8
	0

	1
	1
	5
	9
	1

	2
	2
	6
	10
	2

	3
	3
	7
	11
	3

	4
	NA
	4
	8
	4

	5
	0
	5
	9
	5

	6
	1
	6
	10
	6

	7
	2
	7
	11
	7

	8
	3
	NA
	8
	8

	9
	0
	4
	9
	9

	10
	1
	5
	10
	10

	11
	2
	6
	11
	11

	12
	3
	7
	NA
	NA

	13
	0
	4
	8
	0

	14
	1
	5
	9
	1

	15
	2
	6
	10
	2

	16
	3
	7
	11
	3

	17
	0
	4
	8
	4

	18
	1
	5
	9
	5

	19
	2
	6
	10
	6

	20
	3
	7
	11
	7

	21
	0
	4
	8
	8

	22
	1
	5
	9
	9

	23
	2
	6
	10
	10

	24
	3
	7
	11
	11



Proposal 1: Change the formula of short DRX as following:
· floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number - drx-StartOffset)] modulo (drx-NonIntegerShortCycle)) = 0
Observation 2: For the formula in proposal 1, it has benefits that:
· Correct DRX cycle for all configured drx-StartOffset.
· Aligned short DRX and long DRX cycle for all configured drx-StartOffset.

2.2	Issues of initialization of DRX_SFN_COUNTER
There are two time points in the initialization of DRX_SFN_COUNTER. Time point A is RRC (re-)configuration on which slot is received, which is used for determining the value of DRX_SFN_COUNTER. Time point B is the first symbol of the slot immediately after the first PUSCH transmission which contains the RRCReconfigurationComplete message, which is used for setting the value of DRX_SFN_COUNTER.
Observation 3: Currently, the time determining the value of DRX_SFN_COUNTER is “the RRC (re-)configuration which is received during”, and the time the time setting the value of DRX_SFN_COUNTER is “the first symbol of the slot immediately after the first PUSCH transmission which contains the RRCReconfigurationComplete message”.
Time point A and time point B are different time. When time point A is located at the second half of a hyper frame N and time point B is located at the first half of a hyper frame N+1, it has problem to set the DRX_SFN_COUNTER.
Since time point A is located at the second half of a hyper frame, i.e., NOT at the first half of a hyper frame, the else part of specification will apply. MAC sets DRX_SFN_COUNTER to 0 at time point B according to the TS. However, time point B is located at hyper frame N+1. The correct way is that UE should set DRX_SFN_COUNTER to 1 at time B. Thus, there still has mismatching issue after previous CR. To resolve this issue totally, the time determining the value of DRX_SFN_COUNTER and the time setting the value of DRX_SFN_COUNTER should be the same.
Proposal 2: The time determining the value of DRX_SFN_COUNTER and the time setting the value of DRX_SFN_COUNTER should be the same. Adopt the TP in annex A.

3	Conclusion
In this contribution, we give our views on remaining issues of non-integer DRX cycle with the following observations:
Observation 1: For the formula of short DRX in TS38.321, it has the following issues:
· Wrong DRX cycle for some configured drx-StartOffset.
· Misaligned short DRX and long DRX cycle for some configured drx-StartOffset.
Observation 2: For the formula in proposal 1, it has benefits that:
· Correct DRX cycle for all configured drx-StartOffset.
· Aligned short DRX and long DRX cycle for all configured drx-StartOffset.
Observation 3: Currently, the time how to set value is “the RRC (re-)configuration which is received during” and the time when to set value is “the first symbol of the slot immediately after the first PUSCH transmission which contains the RRCReconfigurationComplete message”.
And we propose that:
Proposal 1: Change the formula of short DRX as following: (adopt the TP in annex A)
· floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number - drx-StartOffset)] modulo (drx-NonIntegerShortCycle)) = 0
Proposal 2: The time determining the value of DRX_SFN_COUNTER and the time setting the value of DRX_SFN_COUNTER should be the same. Adopt the TP in annex A.

Annex A: TP for 38.321 (Option 1)
[bookmark: _Toc29239849][bookmark: _Toc37296208][bookmark: _Toc46490335][bookmark: _Toc52752030][bookmark: _Toc52796492][bookmark: _Toc155999644]5.7	Discontinuous Reception (DRX)
<Omitted text>
1>	if the drx-NonIntegerLongCycleStartOffset is configured:
2>	increment DRX_SFN_COUNTER by 1 in the first symbol of a slot in which SFN changes to 0;
2>	if DRX is (re-)configured by RRC:
[bookmark: _Hlk160810238]3> if drx-TimeReferenceSFN is included in the RRC (re-)configuration and the first symbol of the slot immediately after the successful completion of the RRC (re-)configuration is onwhich is received during the first half of a hyper frame (i.e., SFN is between 0 and 511):
4> set DRX_SFN_COUNTER to 1 in the first symbol of the slot immediately after the successful completion of the RRC (re-)configurationfirst PUSCH transmission which contains the RRCReconfigurationComplete message of the RRC (re-) configuration as specified in TS 38.331 [5].
3> else:
4> set DRX_SFN_COUNTER to 0 in the first symbol of the slot immediately after the the successful completion of the RRC (re-)configurationfirst PUSCH transmission which contains the RRCReconfigurationComplete message of the RRC (re-) configuration as specified in TS 38.331 [5].
[bookmark: _Hlk148289852]1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is not configured, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is configured, and floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number - drx-StartOffset] modulo (drx-NonIntegerShortCycle)) = floor[(drx-StartOffset) modulo (drx-NonIntegerShortCycle)]0:
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 the drx-NonIntegerLongCycleStartOffset is not configured, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset; or
1> if the Long DRX cycle is used for a DRX group and the drx-NonIntegerLongCycleStartOffset is configured, and floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle)) = floor[(drx-StartOffset) modulo (drx-NonIntegerLongCycle)]:
<Omitted text>
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