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1. Introduction
RAN2#121bis-e and RAN2#122 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.


In this contribution we further discuss the power saving of DRX enhancement since RAN4 has not sent the response to RAN2.
2. [bookmark: Proposal_Beacon]Discussion


Figure 1. An example of the mismatch between DRX cycle and non-integer periodicity of XR traffic

As depicted in figure 1, the mismatch between the DRX cycle length with 16ms and the non-integer video traffic periodicity with 16.67ms can result in either additional power consumption to keep awake in longer time for UE or delay traffic transmission to next DRX on-duration. There may be following candidates to resolve the issue:
· Option 1. Multiple DRX sub cycles within an DRX cycle, e.g., 3 inner cycles {17ms,17ms, 16ms} within 50ms.
UE determines the start occassion of the DRX cycle and then determines DRX start occassion of each sub DRX on-duration based on the sequential inner cycle value within an outer DRX cycle during the DRX procedure as described in Annex A. 
· Option 2. DRX formula with DRX cycle expressed as a rational number, e.g. 1000/FPS, where FPS is the frame rate of XR traffic. 
The option 2 and option 1 can achieve the similar effect to the mismatch.
[bookmark: _Hlk133346458]Alt 2-1. Using the formula [(SFN × 10) + subframe number + SFN-Counter × 10240] = ceil (DRX- Start-offset + N × Non-integer DRX cycle). 
The necessary changes to TS 38.321 are shown in red in the following: 
	1> if the Short DRX cycle is used for a DRX group, consider sequentially that the Nth (N >= 0) DRX cycle occurs in the subframe for which n = ceil (drx-timeReferenceSFN × 10 +drx-StartOffset + N × drx-ShortCycle), where n = [(SFN-Counter × 10240) + (SFN × 10) + subframe number]:
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, consider sequentially that the Nth (N >= 0) DRX cycle occurs in the subframe for which n = ceil (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-LongCycle):



Alt 2-2. Using formula floor [n – [drx-LongCycle × floor (n / drx-LongCycle) ] ] = drx-StartOffset or floor [drx-StartOffset – [drx-ShortCycle × floor (drx-StartOffset / drx-ShortCycle) ] ], where n = [(SFN-Counter × 10240) + (SFN × 10) + subframe number].
We observe both alternatives can achieve the similar effect of the mismatch with different formula.

· Option 3. Periodical adjustments drx-StartOffset after every N cycles. 
The necessary changes to TS 38.321 are shown in red in the following: 
	When DRX is configured, the MAC entity shall:
1> set n-ShortCycle and tmp-ShortCycle to 0 and drx_ShortCycle to -1, if the Short DRX cycle is configured;
1> set n-LongCycle and tmp-LongCycle to 0 and drx_LongCycle to -1;
(…legacy text is omitted)
1> if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset + n-shortCycle × trafficTimeOffset-ShortCycle) modulo (drx-ShortCycle):
2> if (tmp-ShortCycle + 1) modulo (drx-OffsetShort) = 0:
3> increment n-ShortCycle by 1;
3> increment tmp-ShortCycle by 1.
2> Otherwise,
23>  start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe;
3> increment drx-ShortCycle by 1;
3> set tmp-ShortCycle to the value of drx_ShortCycle.
1> if the Long DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = (drx-StartOffset + n_longCycle × trafficTimeOffset-LongCycle) modulo (drx-LongCycle):
2> if (tmp-LongCycle + 1) modulo (drx-OffsetLong) = 0:
3> increment n-LongCycle by 1;
3> increment tmp-LongCycle by 1.
2> Otherwise,
3> increment drx-ShortCycle by 1;
3> set tmp-ShortCycle to the value of drx_ShortCycle.
(The rest of the legacy text is omitted…)



Comparing the above options, we provide the pro. and cons. for each option:

	Options
	Pro.
	Cons.

	Option 1: 
Multiple DRX sub cycles within an DRX cycle
	without changing legacy formula by determining by the sub-DRX pattern within a legacy DRX pattern
	Potential impact on RAN1/RAN4

	Option 2: 
DRX formula with DRX cycle expressed as a rational number
	Least impact on DRX procedure and least complexity for UE, smaller amount of mismatch. 
Noted that 2-1 has less computational burden compared to 2-2.
	

	Option 3: 
Periodical adjustments Start Offset after every N cycles
	
	Larger RAN impact on DRX procedure and higher complexity for UE.



According to the above analysis, we observe the change of DRX formular cannot be avoided except option1. Therefore, RAN2 should pay more attention to UE complexity, RAN2 impact and effect to mitigate the mismatch when evaluating the options 2 and option 3 in generally.

Observation 1: DRX formular change cannot be avoided except option 1.
Observation 2: Option 1 and option 2 achieves the same effect, and option 2-1 has less computational burden compared to option 2-2.
Observation 3: Option 3 has larger RAN2 impact on DRX procedure and higher complexity for UE.

Proposal 1: RAN2 to select from the following options to avoid mismatch between DRX cycle with the XR traffic non-integer periodicity:
· Option 1. Multiple DRX sub cycles within an DRX cycle in Annex A
UE determines the start occasion of the DRX cycle and then determines DRX start occasion of each sub DRX on-duration based on the sequential inner cycle value within an outer DRX cycle.
· Option 2. DRX formula with DRX cycle expressed as a rational number in Annex B
[(SFN × 10) + subframe number + SFN-Counter × 10240] = ceil (DRX- Start-offset + N × Non-integer DRX cycle)
To address SFN wrap around, RAN2 has agreed to configure the DRX reference SFN, and use a counter in DRX formula that increments at every SFN wrap around together with an DRX reference SFN signalled by network is seen. For simplicity, we prefer that Rel-18 UE can use a generic HFN counter which increases by 1 after every SFN =0, it’d better to not reuse the legacy H-SFN and E-SFN. For example, [(SFN × 10) + subframe number + Counter × 10240] = ceil (drx-timeReferenceSFN × 10 + DRX- Start-offset + N × Non-integer DRX cycle), that means the start offset of DRX config is relative to the DRX reference SFN.

Proposal 2: Add the DRX reference SFN to the DRX formula and introduce a generic HFN counter to solve the SFN wrap round issue, which increases by 1 after every SFN =0.

3. Conclusion
In this contribution, we discuss power saving enhancements for XR traffic. We have the following proposals and observations:
Observation 1: DRX formular change cannot be avoided except option 1.
Observation 2: Option 1 and option 2 achieves the same effect, and option 2-1 has less computational burden compared to option 2-2.
Observation 3: Option 3 has larger RAN2 impact on DRX procedure and higher complexity for UE.

Proposal 1: RAN2 to select from the following options to avoid mismatch between DRX cycle with the XR traffic non-integer periodicity:
· Option 1. Multiple DRX sub cycles within an DRX cycle in Annex A
UE determines the start occasion of the DRX cycle and then determines DRX start occasion of each sub DRX on-duration based on the sequential inner cycle value within an outer DRX cycle.
· Option 2. DRX formula with DRX cycle expressed as a rational number in Annex B
[(SFN × 10) + subframe number + SFN-Counter × 10240] = ceil (DRX- Start-offset + N × Non-integer DRX cycle)

Proposal 2: Add the DRX reference SFN to the DRX formula and introduce a generic HFN counter to solve the SFN wrap round issue, which increases by 1 after every SFN =0.
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ANNEX A: TP for DRX with Multiple DRX sub cycles within an DRX cycle
38.321 v17.3.0

5.7	Discontinuous Reception (DRX)
---------------------------------------------------------- skipped text -------------------------------------------------------------
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-SubCycleList(optional): the multiple DRX sub cycles in order within the Short DRX cycle or Long DRX cycle;
---------------------------------------------------------- skipped text -------------------------------------------------------------
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); or
1> if the drx-SubCycleList and the Short DRX cycle is used for a DRX group, except the first DRX sub cycle of the first Short DRX cycle, the beginning subframe of each DRX sub cycle follows the end of the previous DRX Sub cycle:
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 [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset; or
1> if the drx-SubCycleList and the Long DRX cycle is used for the DRX group, except the first DRX Sub cycle of the first Long DRX cycle, the beginning subframe of each DRX Sub cycle follows the end of the previous DRX Sub cycle:
38.331 v17.2.0
---------------------------------------------------------- skipped text -------------------------------------------------------------
DRX-ConfigExt-v1800 ::=					SEQUENXE {
	drx-SubCycleList-r18                		Drx-SubCycleList-r18									OPTIONAL	-- Need R
}

Drx-SubCycleList-r18	::=				SEQUENCE (SIZE (1..maxNrofDrxSubCycle)) OF Drx-SubCycle-r18
Drx-SubCycle-r18	::= INTEGER (0..34)
-- TAG-DRX-CONFIG-STOP


1


	DRX-Config field descriptions

	drx-SubCycleList
Indicates a list of one or more drx-SubCycle(s) in order within the Short DRX cycle or Long DRX cycle. The value of the drx-SubCycle in ms.



ANNEX B: TP for DRX formula with DRX cycle expressed as a rational number and SFN wrap round
38.321 v17.3.0
---------------------------------------------------------- skipped text -------------------------------------------------------------
-	uplinkHARQ-Mode (optional): the configuration to set HARQmodeA or HARQmodeB per UL HARQ process.
-	drx-timeReferenceSFN (optional): 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.
---------------------------------------------------------- skipped text -------------------------------------------------------------
1> if the Short DRX cycle is used for a DRX group, consider sequentially that the Nth (N >= 0) DRX cycle occurs in the subframe for which and [(SFN × 10) + subframe number + SFN_counter × 10240] modulo (drx-ShortCycle) = ceil (drx-timeReferenceSFN × 10 +N × drx-ShortCycle + drx-StartOffset) (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, consider sequentially that the Nth (N >= 0) DRX cycle occurs in the subframe for which and [(SFN × 10) + subframe number + SFN_counter × 10240] modulo (drx-LongCycle) = ceil (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-LongCycle):
---------------------------------------------------------- skipped text -------------------------------------------------------------


38.331 v17.2.0
---------------------------------------------------------- skipped text -------------------------------------------------------------
DRX-ConfigExt-v1800 ::=					SEQUENXE {
	drx-timeReferenceSFN-r18                		ENUMERATED {sfn512}									OPTIONAL	-- Need S
	shortDRX-r18                            SEQUENCE {
        drx-ShortCycle-r18                      ENUMERATED  {
                                                30,60, 90, 120, spare5, spare4, spare3, spare2, spare1 },
    }                                                                                                           OPTIONAL,   -- Need R
	longDRX-r18                            SEQUENCE {
        drx-LongCycle-r18                      ENUMERATED  {
                                                30,60, 90,120, spare5, spare4, spare3, spare2, spare1 },
    }                                                                                                           OPTIONAL   -- Need R
}



	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 drx-LongCycle-r18 is configured, drx-LongCycle = 1000/ drx-LongCycle-r18. 
StartOffset is related to the reference SFN indicated by drx-timeReferenceSFN if configured.

	drx-ShortCycle
Value in ms. ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on. If drx-ShortCycle-r18 is configured, drx-ShortCycle = 1000/ drx-ShortCycle-r18.

	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.
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