3GPP TSG-RAN WG2 Meeting #121bis-e	R2-2303302
Online, April 17 – 26, 2023	

Agenda Item:	7.5.3
[bookmark: OLE_LINK66]Souce:	MediaTek Inc., CATT, LGE, Ericsson, NEC, DENSO
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK65]Title:	SFN wrap-around solution for XR DRX
Document for:	Discussion and decision
1 Introduction
During the RAN2#121 meeting, the following agreement was reached [1]:
	Companies should evaluate the RAN2 specification impacts and any other RAN2 aspects of their proposals for SFN wrap-around.
Same as for DRX solutions, 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.


 
In this contribution, we discuss the solutions for resolving the SFN wrap-around issue with pros/cons. 
2 Discussion
Legacy (Rel-17) C-DRX uses the following formulas for determining start of the drx-onDurationTimer:
	[(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle)
[(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset



The SFN range is [0…1023], and subframe number range is [0…9], therefore the term on the left has a range [0…10239], i.e., wraps every 10240 ms.
The C-DRX cycle values that can be configured in Rel-17 are always a factor of 10240 ms, i.e.:
	10240 = N × DRX cycle, 	where N=integer
Therefore, when the SFN wraps-around every 10240 ms, the end of the DRX cycle aligns with the start of the next DRX cycle (i.e., the DRX cycles do not overlap) as illustrated in Figure 1 below.
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[bookmark: _Ref130987948]Figure 1 SFN wrap-around using legacy DRX cycles
However, for XR it is necessary to support some DRX cycle values that may not be factors of 10240 ms. In this case, the DRX cycles will overlap at the SFN wrap-around as illustrated in Figure 2 below.
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[bookmark: _Ref130988346]Figure 2 SFN wrap-around for DRX cycles that are not a factor of 10240 ms
In this case, DRX on-durations will be out of sync with XR traffic after the SFN wraparound.
Observation 1: If C-DRX cycle values that are not factors of 10240 ms are introduced in XR, with legacy C-DRX formulas, DRX on-duration will go out of sync with XR traffic after the SFN wrap-around.

To resolve this issue, a new counter can be introduced in the C-DRX formulas as discussed in principle in [2][3][4][5][6][7][8]. The new counter can be incremented every time legacy SFN wraps around (1023→0). The maximum value for the new counter can be selected such that, at the wrap-around of the new counter, the DRX cycles will not overlap.
As an example, the C-DRX formulas can be updated to use the new counter (E-SFN) as:
	[(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-ShortCycle) = 
(drx-StartOffset) modulo (drx-ShortCycle)
[(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset



For instance, when DRX cycle = 50/3 ms, the maximum value for E-SFN can be selected as 9, which means the term on the left has range [0…102399], i.e., it wraps every 102400 ms. In this case, DRX cycles will not be misaligned as shown in Figure 3 below.
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[bookmark: _Ref130987965]Figure 3 E-SFN wrap-around with the updated C-DRX formulas

We note that this solution involves only minor updates to the existing DRX formula in TS 38.321 and has minimal and incremental impact on the legacy DRX mechanism.
In previous meetings, there have been proposals to apply the R16 CG/SPS enhancements for SFN wrap-around problem [9]. We think that it is more favourable to align the legacy DRX (with integer DRX cycle, factor of 10240) and Rel-18 DRX (with non-integer DRX cycle) mechanisms as much as possible, as this will reduce specification and testing efforts. We provide example TPs for the two solutions below to assess the respective impacts on the MAC specification TS 38.321 below.
For the option of introducing a new counter (Option 1), the required changes in the MAC spec are shown in red in the following:
	1>	if the Short DRX cycle is used for a DRX group, and [(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (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, and [(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3:
3>	if DCP indication associated with the current DRX cycle received from lower layer indicated to start drx-onDurationTimer, as specified in TS 38.213 [6]; or
3>	if all DCP occasion(s) in time domain, as specified in TS 38.213 [6], associated with the current DRX cycle occurred in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to start of the last DCP occasion, or during a measurement gap, or when the MAC entity monitors for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while the ra-ResponseWindow is running (as specified in clause 5.1.4); or
3>	if ps-Wakeup is configured with value true and DCP indication associated with the current DRX cycle has not been received from lower layers:
4>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
2>	else:
3>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.



For the option of reusing R16 CG/SPS formula to DRX (Option 2), the required changes in the MAC spec are shown in red in the following (based on the TP provided in [9]):
	1>	if the Short DRX cycle is used for a DRX group, consider sequentially that the Nth (N >= 0) DRX short cycle occurs in the subframe for which and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-ShortCycle) modulo (drx-ShortCycle10240):
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 long cycle occurs in the subframe for which and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-LongCycle) modulo (10240):
2>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3:
3>	if DCP indication associated with the current DRX cycle received from lower layer indicated to start drx-onDurationTimer, as specified in TS 38.213 [6]; or
3>	if all DCP occasion(s) in time domain, as specified in TS 38.213 [6], associated with the current DRX cycle occurred in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to start of the last DCP occasion, or during a measurement gap, or when the MAC entity monitors for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while the ra-ResponseWindow is running (as specified in clause 5.1.4); or
3>	if ps-Wakeup is configured with value true and DCP indication associated with the current DRX cycle has not been received from lower layers:
4>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
2>	else:
3>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.



From the example TPs above, we observe that Option 1 involves significantly less changes to the MAC spec and is better aligned with the existing DRX mechanism compared to Option 2. We therefore prefer to enhance the DRX formulas in Rel-18 rather than apply Rel-16 CG formula to DRX.
Observation 2: Extending the legacy DRX formulas by adding a term with a new counter has minimal impact on RAN2 specifications and is mostly aligned with the existing DRX mechanism.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 1: Resolve the SFN wrap-around issue for XR DRX by introducing a new counter in the C-DRX formula which is incremented every time SFN wraps around.


3 Conclusion
In this contribution, we discuss solution for SFN wrap-around issue, and have the following observations and proposals:
Observation 1: If C-DRX cycle values that are not factors of 10240 ms are introduced in XR, with legacy C-DRX formulas, DRX on-duration will go out of sync with XR traffic after the SFN wrap-around.
Observation 2: Extending the legacy DRX formulas by adding a term with a new counter has minimal impact on RAN2 specifications and is mostly aligned with the existing DRX mechanism.
Proposal 1: Resolve the SFN wrap-around issue for XR DRX by introducing a new counter in the C-DRX formula which is incremented every time SFN wraps around.
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