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1. Introduction
RAN2#121bis-e and RAN2#122, RAN2#123 has discussed the DRX enhancement for non-integer periodicity of XR traffic and SFN wrap round, the following agreement has been 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.
· Define DRX cycle based on rational numbers. Inform RAN1/4 about this and ask them to indicate if this causes issues in their specifications. 
· 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.
· Not use broadcast signalling for counter and reference SFN in XR.
· Network sets DRX reference SFN (drx-ReferenceSFN) to either 0 or 512, in the same way as in Rel-16 IIoT.
· Use the following option (option A): both the counter NSFN and the DRX reference SFN drx-ReferenceSFN are added to the DRX formula. NSFN is initialized to 0. 
· The maximum value of the counter (NSFN) is 2^16 – 1 = 65535. 


In this contribution we further discuss the DRX enhancement.
2. [bookmark: Proposal_Beacon]Discussion
As depicted in figure 1, RAN2 has agreed that rational numbers are used for DRX cycle values to resolve the mismatch between the DRX cycle length with 16ms and the non-integer video traffic periodicity. Based on the Reply LS in R4-2314383 from RAN4, there is no impacts on RAN4 specifications were found if rational numbers are used for DRX cycle values. 
	As the earlier DRX cycles were always integer i.e., natural numbers, RAN2 sent an LS to RAN4 asking feedback whether introduction of DRX cycles in rational numbers cause any issues in RAN4 specification.
We have analysed if there are any potential impacts on RAN4 for measurement reporting and L1 indication aspects. No impacts on RAN4 specifications were found if rational numbers are used for DRX cycle values.



Observation 1: New DRX cycles in rational numbers cause no issues in RAN4 specifications.

Then it should be decided how to define new DRX cycles, e.g., what values to specify and how to express them.
· Option 1. Each rational number of DRX cycle is composed with two separate parameters (A, B) in RRC message, DRX cycle value = A/B ms. For example, 
	DRX-ConfigExt-v1800 ::=                 SEQUENCE {
    drx-LongCycleDividend-r18             INTEGER (1..1001),
drx-LongCycleDivisor-r18              INTEGER (1..120),
drx-StartOffset-r10                    INTEGER (0..32),
	drx-ReferenceSFN-r18				  INTEGER (0..1023)  
}

	drx-LongCycleDividend
Value in ms. If configured, the UE shall ignore drx-LongCycleStartOffset IE.

	drx-LongCycleDivisor
Integer value smaller than drx-LongCycleDividend. 

	drx-LongStartOffset
Value in ms. If configured, the UE shall ignore drx-LongCycleStartOffset IE. Offset is related to the reference SFN indicated by drx-timeReferenceSFN if configured. The value varies range from 0~ floor(drx-LongCycleDividend/drx-LongCycleDivisor)-1.

	drx-timeReferenceSFN
Indicates SFN used for determination of the DRX cycle in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the DRX configuration, see TS 38.321, clause 5.7. If the field drx-timeReferenceSFN is not present, the reference SFN is 0.



· Option 2. Each rational DRX cycle is configured corresponding to a frame rate of XR traffic, each DRX cycle is corresponding to a start offset, DRX cycle value = 1000/frame rate ms. For example, 
	drx-NonIntegerLongCycleStartOffset   CHOICE {
          30                                     INTEGER(0..32),
          60                                     INTEGER(0..15),
90                               INTEGER(0..10),
120                              INTEGER(0..7),
         …
}

	drx-NonIntegerLongCycleStartOffset
Frame rate in fps corresponding to a non-integer long DRX cycle and drx-StartOffset in multiples of 1 ms. The actual value of long DRX cycle is the canonical representation of the reciprocal of the frame rate in unit of ms. For example, for the frame rate of 60 fps, the long DRX cycle is 50/3 ms. If drx-NonIntegerShortCycle is configured, the value of drx-NonIntegerLongCycle shall be a multiple of the drx-NonIntegerShortCycle value. If drx-NonIntegerLongCycleStartOffset is configured, the UE shall ignore drx-LongCycleStartOffset (without suffix).



Both option 1 and option 2 is feasible. We slightly prefer option1 due to the good forward compatibility. If to support new non-integer DRX periodicity in the future, it has no impact on the specification.

Proposal 1: To support the forward compatibility, each rational number is composed with two separate parameters (A, B) in RRC message, DRX cycle = A/B.

Then the formula for determining the start time of the the drx-onDurationTimer when the drx-NonIntegerLongCycle needs to be decided. An formula is discussed as following:

floor([(DRX_SFN_COUNTER × 10240)  + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle)) = floor([(drx-TimeReferenceSFN × 10) + drx-StartOffset] modulo (drx-NonIntegerLongCycle)).

The moddulo operation based on rational number may cause potential rounding error. To avoid this potential rounding error may happen based on the formula, the two alternatives are proposed to address this issue by replacing modulo operation:
· Alt 1. the formula enhanced implementation based on equivalence A modulo B = A – [ B × floor (A / B)]
floor [n – [drx-NonIntegerLongCycle × floor (n / drx-NonIntegerLongCycle) ] ] = floor [drx-timeReferenceSFN × 10 + drx-StartOffset  – [drx-NonIntegerLongCycle× floor ((drx-timeReferenceSFN × 10 + drx-StartOffset) / drx-NonIntegerLongCycle)]]      ---------------------------(1)
where n = [(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number]
· Alt 2. the formula enhanced implementation based on equivalence A modulo B = floor (A- N×B), N>=0
(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number = floor (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-NonIntegerLongCycle)---------------------------(2)
[(DRX_SFN_COUNTER  × 10240)  + (SFN × 10) + subframe number] = floor[(drx-TimeReferenceSFN × 10) + drx-StartOffset + N × drx-NonIntegerShortCycle]---------------------(3)
Alt 2 is similar as the formula as for Rel-16 CG, the calculation burden of Alt 2 is less than Alt 1. If using Alt 1, the calculation complexity of the formula for the DRX non-integer short cycle is even higher. Therefore, Alt 2 is preferred from point view of calculation burden.

Observation 2: To avoid the potential rounding error, Alt 2 has less calculation burden compared to Alt 1.
Proposal 2: RAN2 to agree the DRX formula with DRX cycle in rational numbers at least as an implementation: 
· (DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number = floor (drx-TimeReferenceSFN × 10 + drx-StartOffset + N × drx-NonIntegerLongCycle), 
· (DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number = floor (drx-TimeReferenceSFN × 10 + drx-StartOffset + N × drx-NonIntegerShortCycle).

To address SFN wrap around, RAN2 has agreed to configure the DRX reference SFN by RRC, which is used in determining the start time of DRX on durations when short and long DRX cycle is a rational number. In R16 CG design, the timeDomainOffset is an offset of a resource with respect to SFN = timeReferenceSFN in time domain. To follow NR R16 CG design, the DRX start offset is an offset with respect to SFN = drx-timeReferenceSFN. And a separate DRX start offset from the legacy IE may be configured in RRC, which varies range from 0~ floor(A/B)-1, A and B is mentioned in Proposal 2.

Proposal 3: similar as Rel-16 CG for IIOT, separately config the DRX-Start-offset value in RRC, which is defined as a value relative to the DRX reference SFN if configured and varies range from 0~ floor(A/B)-1.

When two DRX groups are configured, each Serving Cell is uniquely assigned to either of the two groups. Serving Cells of a MAC entity may be configured by RRC in two DRX groups with separate DRX parameters. Except drx-onDurationTimer, drx-InactivityTimer, the other DRX parameters are common to the DRX groups. The XR traffic can be scheduled in the serving cells in two DRX groups. Therefore, it is not necessary to separately configure the new DRX parameters such as DRX cycle and offset per DRX group.

Proposal 4: The new DRX parameters such as drx-NonIntegerLongCycleStartOffset and drx-NonIntegerShortCycle are shared by both DRX groups.

An open issue is about whether non-integer DRX cycles can be configured for both short and long DRX cycles or only one of them. UE can be configured with long DRX cycle and the optional short DRX cycle. If both DRX cycles are configured, UE first uses short DRX cycle and then uses the Long DRX cycle for this DRX group upon the Short Cycle Timer for a DRX group expires. This kind of long and short cycles can be used together to achieve better DRX results. Therefore, both short and long non-integer DRX cycles are preferred to be configured for UE. If drx-NonIntegerLongCycleStartOffset is configured, the value of drx-NonIntegerLongCycleStartOffset shall be a multiple of the drx-NonIntegerShortCycle value. 

Proposal 5: The non-integer DRX cycles can be configured for both short and long DRX cycles, wherein the value of drx-NonIntegerLongCycleStartOffset shall be a multiple of the drx-NonIntegerShortCycle value.
3. Conclusion
In this contribution, we discuss DRX enhancements for XR traffic. We have the following proposals and observations:
Observation 1: New DRX cycles in rational numbers cause no issues in RAN4 specifications.
Observation 2: to avoid the potential rounding error, Alt 2 has less calculation burden compared to Alt 1.

Proposal 1: To support the forward compatibility, each rational number is composed with two separate parameters (A, B) in RRC message, DRX cycle value = A/B.
Proposal 2: RAN2 to agree the DRX formula with DRX cycle in rational numbers at least as an implementation: 
· (DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number = floor (drx-TimeReferenceSFN × 10 + drx-StartOffset + N × drx-NonIntegerLongCycle), 
· (DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number = floor (drx-TimeReferenceSFN × 10 + drx-StartOffset + N × drx-NonIntegerShortCycle).
Proposal 3: similar as the CGRel-16 IIOT, separately config the DRX-Start-offset value in RRC, which should be defined a value relative to the DRX reference SFN if configured and varies range from 0~ floor(A/B)-1.
Proposal 4: The new DRX parameters such as drx-NonIntegerLongCycleStartOffset and drx-NonIntegerShortCycle are shared by both DRX groups.
Proposal 5: The non-integer DRX cycles can be configured for both short and long DRX cycles, wherein the value of drx-NonIntegerLongCycleStartOffset shall be a multiple of the drx-NonIntegerShortCycle value.
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ANNEX
38.321 v17.5.0
---------------------------------------------------------- skipped text -------------------------------------------------------------
5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].
NOTE 1:	Void
RRC controls DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration at the beginning of a DRX cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL, DL or SL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle start;
- 	drx-NonIntegerLongCycleStartOffset (optional): the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle start, when the length of the Long DRX cycle and/or the short DRX cycle is a rational number;
-	drx-LongCycleDividend(optional): which defines the numerator of a non-integer Long DRX cycle as a rational number;
-	drx-LongCycleDivisor(optional): which defines the denominator of a non-integer Long DRX cycle as a rational number;
-	drx-ShortCycle (optional): the Short DRX cycle;
- 	drx-NonIntegerShortCycle (optional): the Short DRX cycle whose length is a rational number;
Editor’s Notes: It is FFS whether non-integer DRX cycles can be configured for both short and long DRX cycles or only one of them. 
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;
-	drx-RetransmissionTimerSL (per SL HARQ process): the maximum duration until a grant for SL retransmission is received;
-	drx-HARQ-RTT-TimerSL (per SL HARQ process): the minimum duration before an SL retransmission grant is expected by the MAC entity;
-	drx-LastTransmissionUL (optional): the configuration to start drx-HARQ-RTT-TimerUL after the last transmission within a bundle;
-	ps-Wakeup (optional): the configuration to start associated drx-onDurationTimer in case DCP is monitored but not detected;
-	ps-TransmitOtherPeriodicCSI (optional): the configuration to report periodic CSI that is not L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;
-	ps-TransmitPeriodicL1-RSRP (optional): the configuration to transmit periodic CSI that is L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;
-	downlinkHARQ-FeedbackDisabled (optional): the configuration to disable HARQ feedback per DL HARQ process;
-	uplinkHARQ-Mode (optional): the configuration to set HARQmodeA or HARQmodeB per UL HARQ process;
-	disableCG-RetransmissionMonitoring (optional): the configuration to disable starting drx-HARQ-RTT-TimerUL for UL transmission over a configured uplink grant;
-	drx-TimeReferenceSFN (optional): the reference SFN used in determining the start time of DRX on durations when short and/or long DRX cycle is a rational number.
-	drx-StartOffset (optional): which defines the subframe where the Long and Short DRX cycle start, which is related to the reference SFN indicated by drx-timeReferenceSFN if configured.
The following UE variable is used for the DRX operation if drx-NonIntegerLongCycleStartOffset and/or drx-NonIntegerShortCycle is configured:
-	DRX_SFN_COUNTER: the counter that increments when SFN changes to 0. This counter can be implemented with a maximum value of 65536.
Serving Cells of a MAC entity may be configured by RRC in two DRX groups with separate DRX parameters. When RRC does not configure a secondary DRX group, there is only one DRX group and all Serving Cells belong to that one DRX group. When two DRX groups are configured, each Serving Cell is uniquely assigned to either of the two groups. The DRX parameters that are separately configured for each DRX group are: drx-onDurationTimer, drx-InactivityTimer. The DRX parameters that are common to the DRX groups are: drx-SlotOffset, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-LongCycleStartOffset, drx-ShortCycle (optional), drx-ShortCycleTimer (optional), drx-HARQ-RTT-TimerDL, and drx-HARQ-RTT-TimerUL, drx-NonIntegerLongCycleStartOffset and drx-NonIntegerShortCycle.
Editor’s Notes: FFS whether the new DRX parameters such as drx-NonIntegerLongCycleStartOffset and drx-NonIntegerShortCycle are shared by both DRX groups or can be configured separately for different DRX groups. 
---------------------------------------------------------- skipped text -------------------------------------------------------------
1> if the drx-NonIntegerLongCycle is used for a DRX group:
	2> set DRX_SFN_COUNTER to 0 upon successful reception of RRC (re-)configuration for DRX;
1> increment DRX_SFN_COUNTER by 1 in the first symbol of a slot in which SFN changes to 0;  
[bookmark: _Hlk141257950]1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is not configured for the DRX group, 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 for the DRX group, and [(DRX_SFN_COUNTER  × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerShortCycle) = floor [(drx-TimeReferenceSFN × 10) + drx-StartOffset + N × drx-ShortCycleDividend /drx-ShortCycleDivisor] modulo (drx-NonIntegerShortCycle):
[bookmark: _Hlk141261902]2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
Editor’s note:  Whether drx-NonIntegerShortCycle can be configured and the final formula for determining the start time of the drx-onDurationTimer when the drx-NonIntegerShortCycle is configured is pending further agreements.
1>	if the Long DRX cycle is used for a DRX group and the drx-NonIntegerLongCycle is not configured for the DRX group, 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-NonIntegerLongCycle is configured for the DRX group, and [(DRX_SFN_COUNTER  × 10240)  + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle) = floor[(drx-TimeReferenceSFN × 10) + drx-StartOffset + N × drx-LongCycleDividend / drx-LongCycleDivisor] modulo (drx-NonIntegerLongCycle):
Editor’s Notes:  The final formula for determining the start time of the drx-onDurationTimer when the drx-NonIntegerLongCycle is used is pending further agreements.

---------------------------------------------------------- skipped text -------------------------------------------------------------
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38.331 v17.2.0
---------------------------------------------------------- skipped text -------------------------------------------------------------
DRX-ConfigExt-v1800 ::=					SEQUENXE {
	drx-timeReferenceSFN-r18                	ENUMERATED {sfn512},									OPTIONAL	
	drx-startoffset-r18                		INTEGER(0.. 100),									OPTIONAL	
	short-Noninteger-DRX-r18                            SEQUENCE {
        drx-ShortCycleDividend-r18                     INTEGER(1..1001),
        drx-ShortCycleDivisor-r18                     INTEGER(1..60),
    }                                                                                                           OPTIONAL,   
	long-Noninteger-DRX-r18                            SEQUENCE {
        drx-LongCycleDividend -r18                     INTEGER(1..1001),
        drx-LongCycleDivisor-r18                     INTEGER(1..120),
    }                                                                                                           OPTIONAL
}


	DRX-Config field descriptions

	drx-LongCycleStartOffset
drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms. If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value. 
If the field long-Noninteger-DRX-r18 is configured, drx-LongCycleStartOffset is ignored and drx-LongCycle = drx-LongCycledivsorX/ drx-LongCycledivsorY. 

	drx-ShortCycle
Value in ms. ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-timeReferenceSFN
Indicates SFN used for determination of the DRX cycle in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the DRX configuration, see TS 38.321, clause 5.7. If the field drx-timeReferenceSFN is not present, the reference SFN is 0.

	drx-StartOffset
If the field drx-StartOffset-r18 is configured, drx-LongCycleStartOffset is ignored and drx-StartOffset is related to the reference SFN indicated by drx-timeReferenceSFN if configured.

	drx-LongCycleDividend
Value in ms. If configured, the UE shall ignore drx-LongCycle in drx-LongCycleStartOffset IE.

	drx-LongCycleDivisor
Integer value smaller than drx-LongCycleDividend. 

	drx-ShortCycleDividend
Value in ms. If configured, the UE shall ignore drx-ShortCycle IE.

	drx-ShortCycleDivisor
Integer value smaller than drx-ShortCycleDividend. 



