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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on the remaining issues of RRM requirements for intra-band concurrent SL operation. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In the last RAN4#101e meeting, one WF[1] on RRM impact for NR SL enhancements was agreed as follows. We would like to continue the discussion on the remained issues of RRM requirements related to SL-DRX which are highlighted with yellow color.
	· Agreements of requirements related to intra-band con-current SL operation
· 1.1 NTA_offset & NTA,SL when NR Cell is configured as synchronization reference source 
· Consider that SL NTA_offset = UL NTA_offset  & NTA,SL = 0
· 1.2.1 Scheduling restriction calculation when switching TDM based intra-band con-current SL operation
· Define the scheduling availability requirements based on one slot as baseline
· If RF’s decision on the switching time impacts on it, it will be revisited.
· 1.2.2 Scheduling restriction location when switching TDM based intra-band con-current SL operation
· Reuse the principle defined in section 12.9.1 of TS38.133 for transmission switching between SL and Uu (No priority rules in RRM requirements, which are specified by covering all possible cases) 
· 1.3 Interruption on SL due to Uu BWP switch for FDM based intra-band con-current SL operation 
· Interruption on SL due to Uu BWP switch for FDM based intra-band con-current SL operation 
· Define interruption similar to the interruption of NR intra-band CA/DC.

· Agreements of requirements related to SL-DRX
· 2.1.1 SLSS measurement per SL-DRX cycle 
· For initialize/cease of SLSS transmission requirement
· Define requirement based on the assumption that UE performs one SLSS measurement per SL-DRX cycle
· For PSBCH-RSRP measurement requirement for selection/reselection of V2X sync reference source
· Define requirement based on the assumption that UE performs one SLSS measurement per SL-DRX cycle
· For SLSS search for selection/reselection of V2X sync reference source 
· Option 1 : Not be restricted due to SL-DRX
· Option 2: FFS
· 2.1.2 RRM requirements when multiple SL-DRX cycles are configured 
· Consider a shortest SL-DRX cycle as baseline
· FFS transitions due to the possible changes of selected DRX cycle
· 2.2.1 Initiation/cease of SLSS transmissions due to SL-DRX when GNSS/NR Cell /EUTRAN Cell is synchronization reference source 
· Reuse Rel-16 evaluation period requirement 
· 2.2.2 Initiation/cease of SLSS transmissions due to SL-DRX when SyncRef  UE is synchronization reference source 
· Define the evaluation time Tevaluate,SLSS = 4 x max(S-SSB periods, SL-DRX)
· 2.3.1 PSBCH-RSRP measurement period 
· Max (320ms, 2 x SL-DRX)
· 2.3.2 UE Rx(Data) drop rate requirements for Asynchronized SLSS measurement & search 
· FFS
· Option 1 : Reuse Rel-16 requirements (a maximum of 0.3% of its Data reception during Tdetect,SyncRef UE_V2X )
· Option 2 : Discuss how to calculate dropping rate with SL-DRX
· 2.3.2.1 SyncRef UE detection time (Tdetect,SyncRef UE_V2X) for Asynchronized SLSS measurement & search 
· max(8s, [X] SL-DRX cycles), X = FFS
· 2.3.3 UE Tx(SLSS) drop rate requirements for Synchronized SLSS measurement & search 
· Reuse Rel-16 requirements (a maximum of 30% of its SLSS transmissions during Tdetect,SyncRef UE_V2X )
· Based on assumption that both SLSS transmission and SLSS search are allowed during SL-DRX on duration or SL-DRX off duration
· 2.3.3.1 SyncRef UE detection time (Tdetect,SyncRef UE_V2X) for Synchronized SLSS measurement & search 
· Reuse Rel-16 requirement(1.6s)
· 2.3.4 UE Tx(Data & SLSS) drop rate requirements for Asynchronized SLSS measurement & search 
· For SLSS drop
· Allow Tx dropping at most in an aggregated window of 480ms during Tdetect,SyncRef UE_V2X async search.
· For Data drop
· Allow Tx dropping at most in an aggregated window of 480ms during Tdetect,SyncRef UE_V2X async search.
· 2.3.5 Conditional SyncRef UE detection requirements for Asynchronized SLSS measurement & search 
· Consider  conditional SyncRef UE detection requirements for Asynchronized SLSS measurement & search 
· Option 1 
· UE can skip asynchronized SyncRef UE search to save power when the following conditions are all satisfied over an evaluation period:
· SLSS RSRP is larger than a threshold
· SLSS RSRP variation is lower than a threshold. The SLSS RSRP variation is the average value of (instantaneous RSRP - current filtered RSRP)^2 during the evaluation period
· Data connection is maintained with the current SyncRef UE source 
· The evaluation period is the same as SLSS Tx initiation/cease evaluation period when SLSS is the synchronization source
· Option 2 : FFS
· 2.4.1 Interruption to WAN due to SL-DRX
· FFS : Define interruption requirements when NR SL is in SL-DRX but NR is in non-DRX
· The current interruptions at transitions between active and non-active during DRX for EN-DC can be used as baseline
· FFS : when SL is for V2X communication, interruptions shall be avoided on WAN during 
· reception of paging,
· reception of system information, 
· while onDurationTimer is running
· 2.4.1.1 Interruption length on WAN due to SL-DRX 
· FFS : Consider table 8.2.1.2.1-1 in TS 38.133 as baseline
· Table 8.2.1.2.1-1 (TS38.133): Interruption length X at transition between active and non-active during DRX
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· 2.4.1.2 Allowed probability of missed Ack/Nack on WAN due to SL-DRX 
· FFS : As baseline, allow up to [1] % probability of missed ACK/NACK when the [configured SL-DRX cycle] is less than 640ms, and up to [0.625] % probability of missed ACK/NACK when the configured [configured SL-DRX cycle] is 640ms or longer. FFS when multiple SL-DRX cycles are configured
· 2.4.2 Interruption to SL due to Uu DRX 
· For interruption requirement on SL due to Uu DRX, reuse the interruptions requirements for EN-DC defined in section 8.2.1 without CA.
· Consider test in performance part.
· 2.4.2.1 Interruption length on SL due to Uu-DRX 
· Consider table 8.2.1.2.1-1 in TS 38.133 as baseline
· 2.4.2.2 Allowed probability of missed Ack/Nack on SL due to Uu-DRX 
· As baseline, allow up to [1] % probability of missed ACK/NACK when the [configured Uu-DRX cycle] is less than 640ms, and up to [0.625] % probability of missed ACK/NACK when the configured [configured Uu-DRX cycle] is 640ms or longer
· 2.4.3 Interruption to WAN due to SyncRef UE detection and/or Sensing during SL DRX off duration 
· FFS
· Option 1: Consider interruption requirement similar to SL-DRX transition
· Option 2: Not consider interruption requirement as NR Uu case (search to receive SSB outside of Uu DRX on duration).

· Agreements of requirements related to L1-RSRP measurement
· 3.1.1 L1-RSRP measurement for partial sensing 
· Encourage companies to provide their view in next meeting
· 3.1.2 L1-RSRP measurement for inter-UE coordination 
Encourage companies to provide their view in next meeting 



Related to SL-DRX
· 2.1.1 For SLSS search for selection/reselection of V2X sync reference source 
· Option 1: Not be restricted due to SL-DRX
· Option 2: FFS

It is related to how to define SyncRef UE detection time, Tdetec,SyncRefUE_V2X in synchronization case(2.3.3.1) and asynchronization case (2.3.2.1). For each case, RAN4 agreed as follows in the last meeting.
· Synchronization case (based on issue 2.3.31)
· Tdetec,SyncRefUE_V2X  = 1.6 s (Reuse Rel-16 requirement) 
· Asynchronization case (based on issue 2.3.2.1)
· Tdetec,SyncRefUE_V2X  = max(8s, [X] SL-DRX cycles), X = FFS
For asynchronization case, most companies supported X = 50, however, there was one comment on it. The comment was that if SL DRX cycle of 2.56s is configured, Tdetec,SyncRefUE_V2X is too long so it is a risk for V2X. However, it can be avoided by not configuring a long SL DRX cycle. And, it is not a new issue considering NR Uu PSS/SSS detection time. For example, when DRX cycle > 320ms, Tpss/sss_sync_intra = ceil(5xKp) x DRXcycle x CCSFintra. When the DRX cycle of 10.24s is configured, Tpss/sss_sync_intra  is also too long. Therefore, X = 50 is supported.
Proposal 1 : Define SyncRefUE detection time(Tdetect,SyncRef UE_V2X) for Asynchronized SLSS measurement & search 
· Tdetect,SyncRef UE_V2X  = max(8s, [X] SL-DRX cycles), X = 50


· 2.1.2 RRM requirements when multiple SL-DRX cycles are configured 
· FFS transitions due to the possible changes of the selected DRX cycle

For transitions, the same approach of legacy NR Uu which is specified in 9.1.6(TS38.133) can be applied. 
· When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, the cell identification and measurement period requirements apply based on the longer delay before or after the transition.
Proposal 2: Define minimum requirement at transition of SL-DRX cycle
· When SL-DRX cycle periodicity changes, SLSS evaluation time, SyncRef detection time and measurement period requirements apply based on the longer delay before or after the transition.

· 2.3.2 UE Rx(Data) drop rate requirements for Asynchronized SLSS measurement & search 
· FFS
· Option 1 : Reuse Rel-16 requirements (a maximum of 0.3% of its Data reception during Tdetect,SyncRef UE_V2X )
· Option 2 : Discuss how to calculate dropping rate with SL-DRX

For option 1, there was comment as follows in the last meeting.
· Without SL-DRX, UE can drop up to 2 slots per PSBCH monitoring occasion and overall dropping 0.3% of V2X data reception within 8s, that means at most 24 slots out of 8000 slots for 15kHz SCS. But total V2X reception slots may be reduced with SL-DRX. For example, only 500 reception slots if 160ms DRX cycle with 10ms on duration is configured. Then UE can only drop 500*0.3%=1.5 slots (smaller than 2 slots per PSBCH monitoring occasion), which is not reasonable
Therefore, in order to guarantee 2 slots of its V2X data reception per PSBCH monitoring occasion, we suggest as follows.
· Overall drop rate shall not exceed max{2 slots, 0.3% of its V2X data reception} during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.

Proposal 3 : Define overall drop rate of data reception for Asynchronized SLSS measurement & search 
· Overall drop rate shall not exceed max{2 slots, 0.3% of its V2X data reception} during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.

· 2.3.2.1 SyncRef UE detection time (Tdetect,SyncRef UE_V2X) for Asynchronized SLSS measurement & search 
· max(8s, [X] SL-DRX cycles), X = FFS

X = 50 is proposed in issue 2.1.1.

· 2.3.5 Conditional SyncRef UE detection requirements for Asynchronized SLSS measurement & search 
· Consider  conditional SyncRef UE detection requirements for Asynchronized SLSS measurement & search 
· Option 1 
· UE can skip asynchronized SyncRef UE search to save power when the following conditions are all satisfied over an evaluation period:
· SLSS RSRP is larger than a threshold
· SLSS RSRP variation is lower than a threshold. The SLSS RSRP variation is the average value of (instantaneous RSRP - current filtered RSRP)^2 during the evaluation period
· Data connection is maintained with the current SyncRef UE source 
· The evaluation period is the same as SLSS Tx initiation/cease evaluation period when SLSS is the synchronization source
· Option 2 : FFS

For option 1, 3 conditions were proposed to be met during SLSS evaluation period, Tevaluate,SLSS. Here, Tevaluate,SLSS was agreed with 4 x max{S-SSB perioids, SL-DRX} based on the assumption that UE performs one SLSS measurement per SL-DRX cycle. It means there are 4  SLSS RSRP measurements. 
Our views on 3 conditions are,
For 1st condition, it needs further clarification as follows.
· All SLSS RSRPs are larger than a threshold, syncTxThreshOoC.

For 2nd condition, it is not necessary to be considered because the 1st condition above is enough. And it requires a new threshold related to variance and the threshold is not clear.
For 3rd condition, it is reasonable.

Proposal 4 : For Asynchronized SLSS measurement & search, UE can skip asynchronized SyncRef UE search to save power when the following conditions are all satisfied over an evaluation period, Tevaluate,SLSS :
· All SLSS RSRPs are larger than a threshold, syncTxThreshOoC.
· Data connection is maintained with the current SyncRef UE source

· 2.4.1 Interruption to WAN due to SL-DRX
· FFS : Define interruption requirements when NR SL is in SL-DRX but NR is in non-DRX
· The current interruptions at transitions between active and non-active during DRX for EN-DC can be used as baseline
· FFS : when SL is for V2X communication, interruptions shall be avoided on WAN during 
· reception of paging,
· reception of system information, 
· while onDurationTimer is running

Most companies supported 1st bullet without FFS in the last RAN4 meeting, however, there was comment which 2 bullets need to be treated together. The 2nd bullet was suggested by one company based on LTE ProSe. The operations of LTE ProSe are as follows. 
· LTE Prose 
· Shared UL 
· Uu(B14 UL/DL) + LTE-ProSe(B14 UL) 
· B14 UL is shared with TDM-ed manner between Uu and LTE ProSe
· Inter-band LTE Prose
· Uu(B1)+LTE-Prose(B28 UL)

The LTE ProSe was considered as lower priority communication and the related interruption requirement was specified based on it.

In Rel-17 SL enhancement, the following operating scenarios are considered in RF session.
· NR V2X
· V2X only
· n47 (ITS)
· n38 (licensed band) 
· Uu + V2X
· Intra-band con-current V2X operation : n79(Uu) + n79(V2X)
· Inter-band con-current V2X operation : n79(Uu) + n47(V2X)
· NR Public safety
· Shared UL 
· Uu(n14 UL/DL) + Public Safety(n14 UL)
· n14 UL is shared with TDM-ed manner between Uu and SL (Public safety)

NR Public safety is not as low priority communication as LTE ProSe. Therefore the interruption requirement of LTE ProSe cannot be reused. 

Proposal 5 : Define interruption requirements when NR SL is in SL-DRX but NR is in non-DRX
· The current interruptions at transitions between active and non-active during DRX for EN-DC can be used as baseline
· 2.4.1.1 Interruption length on WAN due to SL-DRX 
· FFS : Consider table 8.2.1.2.1-1 in TS 38.133 as baseline
Table 8.2.1.2.1-1 (TS38.133): Interruption length X at transition between active and non-active during DRX
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Based on Proposal 5, we propose to consider table 8.2.1.2.1-1 in TS 38.133 excluding FR2 as baseline, because FR2 is not considered in Uu+V2X in Rel-17.

Proposal 6 : Consider table 8.2.1.2.1-1 in TS 38.133 excluding FR2 as baseline

· 2.4.1.2 Allowed probability of missed Ack/Nack on WAN due to SL-DRX 
· FFS : As baseline, allow up to [1] % probability of missed ACK/NACK when the [configured SL-DRX cycle] is less than 640ms, and up to [0.625] % probability of missed ACK/NACK when the configured [configured SL-DRX cycle] is 640ms or longer. FFS when multiple SL-DRX cycles are configured

For multiple SL-DRX cycles, RAN4 already agreed to consider the shortest SL-DRX cycle as baseline. 

Based on Proposal 5, we propose as follows.
Proposal 7 : As baseline, allow up to 1 % probability of missed ACK/NACK when the configured SL-DRX cycle is less than 640ms, and up to 0.625 % probability of missed ACK/NACK when the configured SL-DRX cycle is 640ms or longer. When multiple SL-DRX cycles are configured, the shortest SL-DRX cycle is applied.

· 2.4.3 Interruption to WAN due to SyncRef UE detection and/or Sensing during SL DRX off duration 
· FFS
· Option 1: Consider interruption requirement similar to SL-DRX transition
· Option 2: Not consider interruption requirement as NR Uu case (search to receive SSB outside of Uu DRX on duration).

Figure 2.1 shows SyncRef UE detection and Sensing during SL DRX off duration.


Figure 2.1: SyncRef UE detection & Sensing during SL DRX Off-duration
For SyncRef UE detection, RAN4 agreed to define the requirement based on the assumption that UE performs one SLSS measurement per SL-DRX cycle same as NR Uu requirement in DRX which was made based on the assumption that UE performs on SSB measurement per DRX cycle. To save power, the UE may turn off its Rx chain before and after SyncRef UE detection during DRX off so interruption can occur.
For Sensing, a UE can need to perform multiple sensing per SL-DRX cycle. To save power, the UE may turn off its Rx chain before and after sensing during DRX. The number of interruptions due to sensing can be larger than that due to SyncRef UE detection. How to reduce the number of interruptions due to the sensing needs to be studied. 

Proposal 8 : Define interruption to WAN due to SyncRef UE detection during SL DRX off duration based on the requirement due to SL-DRX transition.

Proposal 9 : Define interruption to WAN due to Sensing during SL DRX off duration based on the requirement due to SL-DRX transition.

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

· For multiple SL-DRX cycles are configured
Proposal 2 : Define minimum requirement at transition of SL-DRX cycle
· When SL-DRX cycle periodicity changes, SLSS evaluation time, SyncRef detection time and measurement period requirements apply based on the longer delay before or after the transition.

· Selection/reselection of V2X Synchronization Reference Source due to SL-DRX
· SyncRef UE detection time 
Proposal 1 : Define SyncRefUE detection time(Tdetect,SyncRef UE_V2X) for Asynchronized SLSS measurement & search 
· Tdetect,SyncRef UE_V2X  = max(8s, [X] SL-DRX cycles), X = 50

· UE dropping requirements 
Proposal 3 : Define overall drop rate of data reception for Asynchronized SLSS measurement & search 
· Overall drop rate shall not exceed max{2 slots, 0.3% of its V2X data reception} during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.

Proposal 4 : For Asynchronized SLSS measurement & search, UE can skip asynchronized SyncRef UE search to save power when the following conditions are all satisfied over an evaluation period, Tevaluate,SLSS :
· All SLSS RSRPs are larger than a threshold, syncTxThreshOoC.
· Data connection is maintained with the current SyncRef UE source

· Interruption to WAN due to SL-DRX 
Proposal 5 : Define interruption requirements when NR SL is in SL-DRX but NR is in non-DRX
· The current interruptions at transitions between active and non-active during DRX for EN-DC can be used as baseline

Proposal 6 : Consider table 8.2.1.2.1-1 in TS 38.133 excluding FR2 as baseline
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Proposal 7 : As baseline, allow up to 1 % probability of missed ACK/NACK when the configured SL-DRX cycle is less than 640ms, and up to 0.625 % probability of missed ACK/NACK when the configured SL-DRX cycle is 640ms or longer. When multiple SL-DRX cycles are configured, the shortest SL-DRX cycle is applied.

· Interruption to WAN due to SyncRef UE detection and/or Sensing during SL DRX off duration
Proposal 8 : Define interruption to WAN due to SyncRef UE detection during SL DRX off duration based on the requirement due to SL-DRX transition.

Proposal 9 : Define interruption to WAN due to Sensing during SL DRX off duration based on the requirement due to SL-DRX transition.

Reference
[1] R4-2120315, “WF on NR SL enhancements RRM requirements”, LG Electronics
[2] R4-2130369, “Email discussion summary for [101-e][ 227] NR_SL_enh_RRM”, Moderator (LG Electronics)
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