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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on RRM requirements for intra-band concurrent SL operation. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In the last RAN4#100e meeting, one WF[1] on RRM impact for NR SL enhancements was agreed as follows. We would like to continue the discussion on RRM requirements related to SL-DRX.
	· Agreements of requirements related to new operating scenario(1-1): intra-band con-current SL operation
· 1-1-1 : NTA_offset when NR Cell is configured as synchronization reference source
· Postpone until RF decision or RAN1 feedback on whether SL transmit timing is aligned with Uu uplink timing
· 1-1-2 : NTA,SL when NR Cell is configured as synchronization reference 
· Postpone until RF decision or RAN1 feedback on whether SL transmit timing is aligned with Uu uplink timing
· 1-1-3 : Te when NR Cell is configured as synchronization reference source
· Reuse Rel-16 requirement
· 1-1-4 : Scheduling availability requirements when switching TDM based intra-band con-current SL operation
· Specify the scheduling availability requirements considering RF inputs on the switching time and the reference timing of SL
· 1-1-6 : RRM requirements for FDM based intra-band con-current SL operation 
· Study the interruptions on SL due to Uu BWP switch
· FFS whether to specify interruption requirements on SL due to Uu BWP switch.

· Agreements of requirements related to SL-DRX(1-2)
· 1-2-1 : Initiation/cease of SLSS transmissions due to SL-DRX when GNSS/NR Cell /EUTRAN Cell is synchronization reference source
· Option 1 : Consider Rel-16 evaluation period requirement as starting point if it does not depend on the progress of SL DRX
· Option 2 : Consider the progress of SL DRX, e.g., impact of alignment between SL DRX and Uu DRX
· 1-2-2 : Initiation/cease of SLSS transmissions due to SL-DRX when SyncRef UE is synchronization reference source 
· Option 1 : Consider Tevaluate,SLSS =  max(4 S-SSB periods, 4 SL-DRX cycles) as starting point
· For multiple SL-DRX cycles, FFS which one would be applied
· Other options based on the assumption of UE behavior different than one SLSS measurement per SL-DRX cycle are not precluded
· Option 2 : Consider the progress of SL DRX, e.g., impact of alignment between SL DRX and Uu DRX
· 1-2-3 : SyncRef UE detection time of Selection/reselection of V2X Synchronization Reference Source
· Define the requirements separately for synchronous case and asynchronous case 
· FFS
· How to select SL-DRX cycle length for multiple active SL-DRX configurations
· Whether to consider measuring SLSS from multiple SLSS periods in a SL-DRX cycle, or measuring only SLSS from one SLSS period per SL-DRX cycle, if SL-DRX cycle length > SLSS period
· 1-2-4 : PSBCH-RSRP measurement period of Selection/reselection of V2X Synchronization Reference Source 
· Option 1 : max(320ms, 2 SL-DRX cycles) as starting point
· For multiple SL-DRX cycles, FFS which one would be applied
· Other options based on the assumption of UE behavior different than one SLSS measurement per SL-DRX cycle are not precluded
· Option 2 : FFS whether or not to depend on the progress of SL DRX
· 
1-2-5 : UE dropping requirements of Selection/reselection of V2X Synchronization Reference Source
· Selection/reselection of V2X Synchronization Reference Source with SL-DRX
· Asynchronous case: UE is allowed to drop V2X reception for the purpose selection/reselection of V2X Synchronization Reference Source
· FFS if TX dropping requirement shall be defined and how to take into account SL-DRX
· 1-2-6 : Interruption to WAN due to SL-DRX
· Option 1 : Consider Rel-16 EN-DC interruption requirement as starting point
· interruptions can occur due to tuning ON/OFF SL RF 
· at transitions between active and non-active during SL-DRX
· at transitions from non-SL-DRX to SL-DRX
· Consider to avoid interruptions during certain occasions 
· Option 2 : Consider interruption requirements during LTE ProSe as reference
· Consider to avoid interruptions during certain occasions such as while onDurationTimer is running, during paging reception.
· 1-2-7 : Interruption to SL due to Uu DRX
· FFS for specific scenarios for interruption to SL due to Uu DRX
· Consider Rel-16 EN-DC interruption requirement as starting point




Related to SL-DRX
· Initiation/cease of SLSS transmissions due to SL-DRX
When GNSS/NR Cell/E-UTRAN Cell is synchronization reference source, there are 2 options.
· Option 1: Consider Rel-16 evaluation period requirement as a starting point if it does not depend on the progress of SL DRX
· Option 2: Consider the progress of SL DRX, e.g., an impact of alignment between SL DRX and Uu DRX

For this case, the evaluation period is irrelevant to SL-DRX because it is only related to Uu link.
Proposal 1 : Reuse Rel-16 evaluation period requirements when GNSS/NR Cell /EUTRAN Cell is synchronization reference source and SL-DRX is configured.

When SyncRef UE is synchronization reference source, there are 2 options.
· Option 1 : Consider Tevaluate,SLSS =  max(4 S-SSB periods, 4 SL-DRX cycles) as starting point
· For multiple SL-DRX cycles, FFS which one would be applied
· Other options based on the assumption of UE behavior different than one SLSS measurement per SL-DRX cycle are not precluded
· Option 2 : Consider the progress of SL DRX, e.g., an impact of alignment between SL DRX and Uu DRX

Considering SL-DRX on top of the Rel-16 requirement, Table 2.1 can be considered as the evaluation time of SLSS.
Table 2.1: Tevaluate,SLSS when SyncRef UE is used as synchronization reference source
	SL-DRX cycle length in NR SL [s]
	Tevaluate,SLSS [s]

	No SL-DRX
	0.64

	≤0.16
	4 x max(S-SSB periodicity, SL-DRX cycle) = 0.64

	0.16<SL-DRX cycle
	4 x SL-DRX cycle

	



For multiple SL-DRX cycles,  we thinka SL-DRX cycle which is practically used in link can be applied for the evaluation requirement. 
And, one SLSS measurement per SL-DRX cycle needs to be considered for requirements as Rel-16 Uu, because it is minimum requirement.

Proposal 2: Define Table 2.1 as Tevaluate,SLSS when SyncRef UE is synchronization reference source and SL-DRX is configured.

Proposal 3: Apply SL-DRX cycle which is practically used in UE for requirements when multiple SL-DRXs are configured.

Proposal 4: Assume one SLSS measurement per SL-DRX cycle for requirements.


· Selection/reselection of V2X Synchronization Reference Source due to SL-DRX
· SyncRef UE detection time 
RAN4 agreed to define the requirements separately for synchronous case and asynchronous case in last meeting. 

Figure 2.1 shows examples of SyndRef UE detection in SL-DRX. 
· Case A : SLSS is outside of SL-DRX On-duration.
· Case B : SLSS is within SL-DRX On-duration

· 

· Figure 2.1: An examples of SyndRef UE detection in SL-DRX
In general, UE can detect SyncRef UE with SLSS. For Case A, the UE has to turn on Rx RF chain to detect the SyncRef UE during K which is outside of SL-DRX On-duration if the UE turns off after SL-DRX On-duration. For Case B, the UE can detect the SyncRef UE within SL-DRX On-duration. 
In aspect of requirement, same SyncRef UE detection time needs to be defined for both Cases. Table 2.2 shows the example of  SyncRef UE detection time considering Rel-16 requirement (3xSLSS periodicity) which was defined without SL-DRX.

Table 2.2: Tdetect,SyncRef UE_V2X for SyncRef UE with
	SL-DRX cycle length in NR SL [s]
	Tdetect,SyncRef UE_V2X (X seconds)

	No SL-DRX
	0.48

	≤0.16
	3 x max(S-SSB periodicity, SL-DRX cycle) = 0.48

	0.16<SL-DRX cycle
	3 x SL-DRX cycle 

	



Proposal 5: Define Table 2.2 as Tdetect,SyncRef UE_V2X for selection/reselection of V2X Synchronization Reference Source when SyncRef UE is synchronization reference source and SL-DRX is configured.

· PSBCH-RSRP measurement period 
The same principle of SyncRef UE detection time can be applied. Table 2.3 shows the example of  PSBCH-RSRP measurement period considering Rel-16 requirement (2xSLSS periodicity) which is defined without SL-DRX. 

Table 2.3: TSyncRef UE_V2X_measurement_period_intra 
	SL-DRX cycle length in NR SL [s]
	TSyncRef UE_SL_measurement_period_intra (Y seconds)

	No SL-DRX
	0.32

	≤0.16
	2 x max(S-SSB periodicity, SL-DRX cycle) = 0.32

	0.16<SL-DRX cycle
	2 x SL-DRX cycle(second) 

	Note 1: For multiple SL-DRX cycles, 



Proposal 6: Define Table 2.3 as TSyncRef UE_V2X_measurement_period_intra for selection/reselection of V2X Synchronization Reference Source when SyncRef UE is synchronization reference source and SL-DRX is configured.

· UE dropping requirements 
RAN4 agreed that UE is allowed to drop V2X reception for the purpose selection/reselection of V2X Synchronization Reference Source for asynchronous case with SL-DRX. It is relevant to Case B in Figure 2.1, however, general requirement needs to be defined regardless of the Case A and Case B.

In Rel-16, the UE data reception dropping requirement was defined as follows. 
· UE is allowed to drop up to 2 slots of its V2X data reception per PSBCH monitoring occasion and overall drop rate shall not exceed 0.3% of its V2X data reception during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.
Here, Tdetect,SyncRef UE_V2X was defined as 8 seconds at SCH Es/Iot ≥ 0 dB in Rel-16.

For drop rate of V2X reception when SL-DRX is configured, the same drop rate can be reused for guaranteeing V2X data reception. 
For Tdetect,SyncRef UE_V2X when SL-DRX is configured, it can be defined as max{8, 50 x max(S-SSB periodicity, SL-DRX cycle)}second considering 8 seconds in Rel-16 which is 50 times of SLSS periodicity.

Proposal 7: Reuse 0.3% as overall drop rate of V2X reception for selection/reselection of V2X Synchronization Reference Source for asynchronous case with SL-DRX.

Proposal 8: Define Tdetect,SyncRef UE_V2X  as max{8, 50 x max(S-SSB periodicity, SL-DRX cycle)} second for selection/reselection of V2X Synchronization Reference Source for asynchronous case with SL-DRX.

For V2X Tx drop requirement, we think that it is not related to SL-DRX because the SL-DRX is only for Reception.

Proposal 9: Do not define V2X Tx drop requirement with SL-DRX.

· Interruption to WAN due to SL-DRX 
The interruption on WAL can occur when turning On/Off of SL RF with SL-DRX for UE supporting both NR SL and WAN in different carriers with single chip. There were 2 options in the last meeting.
· Option 1 : Consider Rel-16 EN-DC interruption requirement as starting point
· interruptions can occur due to tuning ON/OFF SL RF 
· at transitions between active and non-active during SL-DRX
· at transitions from non-SL-DRX to SL-DRX
· Consider to avoid interruptions during certain occasions 
· Option 2 : Consider interruption requirements during LTE ProSe as reference
· Consider to avoid interruptions during certain occasions such as while onDurationTimer is running, during paging reception.

As mentioned in [4], we think that Rel-16 EN-DC interruption can be a baseline for when such interruptions can occur and also the length of those. 
· 8.2.1.2.1 interruptions at transitions between active and non-active during DRX 
· 8.2.1.2.2 interruptions at transitions from non-DRX to DRX
In order to minimize WAN performance degradation by the interruption due to transitions between active and non-active during SL-DRX, an allowed Ack/Nack miss probability of WAN needs to be considered. 
For example, 
When PCell is in non-DRX and NR SL is in SL DRX, interruptions on PCell if configured due to transitions from active to non-active and from non-active to active during NR SL DRX are allowed with up to 1% probability of missed ACK/NACK when the configured NR SL DRX cycle is less than 640 ms, and 0.625% probability of missed ACK/NACK is allowed when the configured NR SL DRX cycle is 640 ms or longer. Each interruption shall not exceed X slot. 
When PCell is in DRX, no interruption due to NR SL-DRX transition is allowed
When PCell is in DRX and SL is in SL-DRX, no interruption is allowed.
For interrupted X slot, Rel-16 requirement can be reused for synchronous case and asynchronouc case. Table 2.4 shows the interruption length when WAN is NR. 
Table 2.4: Interruption length X at transition between active and non-active during DRX
	[image: ]
	NR Slot 
	Interruption length X (slots)

	
	length (ms)
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3



Proposal 10: Define interruption to WAN due to SL-DRX with Table 2.4 for UE supporting both SL and WAN in different carriers. 

Proposal 11: Define an allowed Ack/Nack miss probability of WAN to minimize WAN performance degradation due to transitions between active and non-active during SL-DRX.

· Interruption to SL due to Uu DRX 
As mentioned in [3], for NR SL UE supporting both NR SL and WAN in different carriers with a single chip, an interruption can occur to SL due to Uu DRX. It is the same story as interruption to WAN due to SL-DRX.
If SL has a higher priority than WAN, SL performance needs to be guaranteed. So, to minimize SL performance degradation by the interruption due to transitions between active and non-active during Uu-DRX, an allowed Ack/Nack miss probability of SL can be considered. 
For example, 
When SL is in SL non-DRX and NR Uu is in DRX, interruptions on SL if configured due to transitions from active to non-active and from non-active to active during NR Uu DRX are allowed with up to 1% probability of missed ACK/NACK when the configured NR Uu DRX cycle is less than 640 ms, and 0.625% probability of missed ACK/NACK is allowed when the configured NR Uu DRX cycle is 640 ms or longer. Each interruption shall not exceed X slot. 
When SL is in SL DRX, no interruption due to NR Uu DRX transition is allowed
When SL is in SL DRX and NR is in NR Uu DRX, no interruption is allowed.
For interrupted X slot, Rel-16 requirement can be reused for synchronous case and asynchronouc case. Table 2.4 shows the interruption length when WAN is NR. 
Proposal 12: Define interruption to SL due to NR Uu DRX with Table 2.4 for UE supporting both SL and WAN in different carriers. 

Proposal 13: Define an allowed Ack/Nack miss probability of SL to minimize SL performance degradation due to transitions between active and non-active during NR Uu DRX.

· Interruption to WAN due to SyncRef UE detection and/or Sensing during SL DRX off duration 
When SL DRX is configured, there are SL DRX On-duration and SL DRX Off-duration. In general, power is off during SL DRX Off-duration. However, UE needs to turn on Rx chain in some cases during the SL DRX Off-duration. One case is  of detection SyncRef UE and another case is of sensing. Figure 2.2 shows the cases.



· Figure 2.2: SyncRef UE detection & Sensing during SL DRX Off-duration
For the cases, interruption to WAN can occur. Therefore, it needs to consider whether to define it.

Proposal 14: Decide whether to define interruption requirement for SyncRef UE detection and/or Sensing during SL DRX Off-duration.

[bookmark: _GoBack]Conclusion
In this contribution, we provided our views on RRM requirements related to SL DRX [1]. Based on the views, we propose as follows.

· Initiation/cease of SLSS transmissions due to SL-DRX
Proposal 1: Reuse Rel-16 evaluation period requirements when GNSS/NR Cell /EUTRAN Cell is synchronization reference source and SL-DRX is configured.

Proposal 2: Define Table 2.1 as Tevaluate,SLSS when SyncRef UE is synchronization reference source and SL-DRX is configured.

Proposal 3: Apply SL-DRX cycle which is practically used in UE for requirements when multiple SL-DRXs are configured.

Proposal 4: Assume one SLSS measurement per SL-DRX cycle for requirements.

· Selection/reselection of V2X Synchronization Reference Source due to SL-DRX
· SyncRef UE detection time 
Proposal 5: Define Table 2.2 as Tdetect,SyncRef UE_V2X for selection/reselection of V2X Synchronization Reference Source when SyncRef UE is synchronization reference source and SL-DRX is configured.


· PSBCH-RSRP measurement period 
Proposal 6: Define Table 2.3 as TSyncRef UE_V2X_measurement_period_intra for selection/reselection of V2X Synchronization Reference Source when SyncRef UE is synchronization reference source and SL-DRX is configured.


· UE dropping requirements 
Proposal 7: Reuse 0.3% as overall drop rate of V2X reception for selection/reselection of V2X Synchronization Reference Source for asynchronous case with SL-DRX.

Proposal 8: Define Tdetect,SyncRef UE_V2X  as max{8, 50 x max(S-SSB periodicity, SL-DRX cycle)} second for selection/reselection of V2X Synchronization Reference Source for asynchronous case with SL-DRX.
Proposal 9: Do not define V2X Tx drop requirement with SL-DRX.


· Interruption to WAN due to SL-DRX 
Proposal 10: Define interruption to WAN due to SL-DRX with Table 2.4 for UE supporting both SL and WAN in different carriers. 

Proposal 11: Define an allowed Ack/Nack miss probability of WAN to minimize WAN performance degradation due to transitions between active and non-active during SL-DRX.


· Interruption to SL due to Uu DRX 
Proposal 12: Define interruption to SL due to NR Uu DRX with Table 2.4 for UE supporting both SL and WAN in different carriers. 

Proposal 13: Define an allowed Ack/Nack miss probability of SL to minimize SL performance degradation due to transitions between active and non-active during NR Uu DRX.


· Interruption to WAN due to SyncRef UE detection and/or Sensing during SL DRX off duration
Proposal 14: Decide whether to define interruption requirement for SyncRef UE detection and/or Sensing during SL DRX Off-duration.
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