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Introduction
In RAN4 #99-e meeting, the RRM impacts due to new operating scenarios and SL-DRX in R17 V2X were initially discussed. RAN4 has identified that there are no impacts on L1 SL-RSRP measurements and congestion control measurements. However, RAN4 needs to further study whether the following aspects will be impacted.
· UE transmit timing requirements
· Initiation/cease of SLSS transmission requirements
· Selection/reselection of V2X synchronization deference source
· Scheduling availability requirements
In this contribution, we provide discussion on RRM impacts on the above aspects.
Discussion
· UE transmit timing requirements
In Rel-17, new scenarios for Uu and SL operating in the same licensed band is introduced. RAN4 agreed to study the impact on UE transmit timing requirements due to new operating scenario with the following aspects:
	· For intra-band con-current V2X operating bands in licensed band when NR Cell is configured as synchronization reference source
· whether to reuse NTAoffset = 0 or not
· whether to reuse Tx timing error requirement(Te) or not


In existing timing requirements, both the values of NTA and NTA-offset for SL transmission are defined as zero when NR Cell is configured as synchronization reference source, i.e. the SL transmission timing is aligned with the DL reception timing of the NR Cell.
In RF session, whether the SL transmission timing needs to be aligned with the UL transmission timing of Uu or the DL reception timing of Uu is under discussion, and two options have been considered in [LS, R4-2111542].
	There are two options under discussion in RAN4 as below.
Option 1: To follow the Rel-16 agreement to align SL transmission timing with DL timing.
Option 2: To reconsider SL transmission timing to align with UL timing to mitigate the interference between Uu and SL, i.e.
· For sidelink transmissions, 
· SL transmission timing is aligned with Uplink timing when Uu and sidelink is TDMed/FDMed coexistence in the same band, including TDM coexistence within the same carrier or different carriers. 
· Otherwise, SL transmission timing is aligned with Downlink timing.


It was considered in RAN4 that the SL transmission timing is aligned with the UL transmission timing of Uu when Uu and SL are TDMed/FDMed coexistence in the same band. In that case, the existing definitions of NTA=0 and NTA-offset=0 cannot be reused. The values of NTA and NTA-offset used for UL transmission timing shall also be applied to SL transmission timing for timing alignment.
Proposal 1: For NR Cell as synchronization reference source, the values of NTA and NTA-offset used for UL transmission timing are also applied to SL transmission timing if sidelink transmission timing is required to be aligned with UL transmission timing.
When NR Cell is configured as synchronization reference source, the SL transmission timing error is determined by the detection error of DL reception timing. The DL reception timing error relies on UE capability of detection SSB signals and shall be independent of SL operating bands. So, the existing Tx timing error (Te) requirements can also be applied no matters downlink timing or uplink timing need to be aligned.
Proposal 2: For NR Cell as synchronization reference source, the existing Te requirements for SL transmission timing can be reused in Rel-17.
· Selection/reselection of V2X synchronization deference source
In Rel-17, SL-DRX mode is introduced for SL communications. For selection/reselection of V2X synchronization reference source, RAN4 needs to study the impacts on the SyncRef UE identification time and PSBCH-RSRP measurement period due to SL-DRX introduction.
In Rel-16 V2X, two sets of SyncRef UE identification requirements are defined as follows.
	Set1: UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly
-	UE shall not drop any V2X data transmission for the purpose of selection/reselection to the SyncRef UE. The UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection / reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as 1.6 seconds at SCH Es/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of 30% of its SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.
Set2: other cases
-	The UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection / reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as 8 seconds at SCH Es/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of 6 % of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.
-	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.


For Set1, the SyncRef UE identification time is defined as 1.6 seconds. The SLSS of target SyncRef UE to be detected is always overlapped with UE’s SLSS transmissions. Within 1.6 seconds (10 SLSS periods), UE is allowed to drop three SLSS transmission occasions for SyncRef UE detection. However, which SLSS transmission occasions will be dropped for SyncRef UE detection is up to UE implementation. For Set2, the SyncRef UE identification time is defined as 8 seconds. The target SyncRef UE to be detected could be either synchronized or asynchronized. Within 8 seconds, three 160ms search windows are allowed for UE to perform SyncRef UE detection, and the time location of search window is also up to UE implementation.
It can be observed that UE does not perform periodically SyncRef UE detection. The time location of SyncRef UE detection occasions is up to UE implementation as long as the SyncRef UE identification requirements are satisfied. In Rel-17, it is suggested to keep the UE flexibility for performing SyncRef UE identification and reuse the existing SyncRef UE identification requirements in SL-DRX mode. The frequency and occasions of UE performing SyncRef UE identification are not limited by SL-DRX configuration.
Proposal 3: In Rel-17, it is suggested to reuse the existing SyncRef UE identification requirements for SL-DRX mode.
In Rel-16, PSBCH-RSRP measurement period is defined as 320ms (2 S-SSB periods) and the measurement sampling interval is assumed as S-SSB period. In SL-DRX mode, when the SL DRX cycle is longer than 160ms, the measurement sampling interval can be assumed as SL DRX cycle length and PSBCH-RSRP measurement period is defined as 2 SL-DRX cycles. So, the PSBCH-RSRP measurement period for SL-DRX mode can be defined as max(320ms, 2 SL-DRX cycles). 
Proposal 4: In Rel-17, PSBCH-RSRP measurement period in SL-DRX mode is suggested to be defined as max(320ms, 2 SL-DRX cycles).
· Initiation/cease of SLSS transmission requirements
When SyncRef UE is used as synchronization reference source, UE evaluates to initiate/cease SLSS transmissions based on the PSBCH-RSRP of the SyncRef UE. The evaluation period of PSBCH-RSRP is defined as 4 S-SSB periods (two PSBCH-RSRP measurement periods). Based the above discussion, the PSBCH-RSRP measurement period in SL-DRX mode is suggested to be defined as max(320ms, 2 SL-DRX cycles). Accordingly the evaluation period of PSBCH-RSRP to initiate/cease SLSS transmissions can be defined as max(4 S-SSB periods, 4 SL-DRX cycles) for SL-DRX mode.
When NR/E-URTAN cell is used as synchronization reference source, UE evaluates to initiate/cease SLSS transmissions based on the RSRP of the serving cell. The UE performs RSRP measurements on Uu link. The evaluation period of RSRP is defined as two RSRP measurement periods, which includes both non-DRX cases and DRX cases. According to RAN2’s agreements, the alignment of Uu DRX and SL-DRX will be supported. Then, the evaluation period of RSRP in Uu DRX mode is aligned with SL DRX configuration. Hence, the current evaluation period requirements can also be applied when SL DRX is used.
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Proposal 6: When NR/E-URTAN cell is used as synchronization reference source, the existing evaluation period requirements to initiate/cease SLSS transmissions can be reused.
· Scheduling availability requirements due to new operating scenario
When simultaneous NR UL transmission and NR SL reception are not allowed, the UE needs to perform switching between Uu and SL. The switching period length has been discussed in RF session, but there is no conclusion in last e-meeting. For the position of switching period, the priority rule that the switching period is located on the RAT with lower priority is considered as baseline. 
As mentioned above, whether DL timing or UL timing is considered as reference timing for intra-band con-current V2X operation in licensed band.
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Figure 1: Example of switching between NR UL transmission and NR SL reception (UL as reference)
If SL timing is aligned with the UL timing, then the timing relationship between UL and SL is shown as Figure 1. When switching from UL slot#n-1 to SL slot#n, the UE is not expected to transmit UL on the last X1 symbol on slot#n-1 with Uu as lower priority, or the UE is not expected to receive SL on the first X1 symbol on slot#n with SL as lower priority. When switching from SL slot#m-1 to UL slot#m, the UE is not expected to receive SL on the last X1 symbol on slot#m-1 with SL as lower priority, or the UE is not expected to transmit UL on the first X1 symbol on slot#m with Uu as lower priority. The value of X1 is depends on the switching period length concluded in RF session.
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Figure 2: Example of switching between NR UL transmission and NR SL reception (DL as reference)
If SL timing is aligned with the DL timing, then the timing relationship between UL and SL is shown as Figure 2. When switching from UL slot#n-1 to SL slot#n, the UE is not expected to transmit UL on the last Y1 symbol on slot#n-1 with Uu as lower priority, or the UE is not expected to receive SL on the first Y1 symbol on slot#n with SL as lower priority. When switching from SL slot#m-1 to UL slot#m, the UE is not expected to receive SL on the last Y2 symbol on slot#m-1 with SL as lower priority, or the UE is not expected to transmit UL on the first Y2 symbol on slot#m with Uu as lower priority. The value of Y1 can be derived by the switching period length minus (NTA+NTA-offset). The value of Y2 can be derived by the switching period length plus (NTA+NTA-offset).
Proposal 7: How to specify the scheduling availability requirements for UE switching between NR UL transmission and NR SL reception needs RF inputs on switching period length and the reference timing for SL.

Conclusions
This contribution provides our analysis on RRM impacts for Rel-17 NR V2X enhancements. The following are provided:
Proposal 1: For NR Cell as synchronization reference source, the values of NTA and NTA-offset used for UL transmission timing are also applied to SL transmission timing if sidelink transmission timing is required to be aligned with UL transmission timing.
Proposal 2: For NR Cell as synchronization reference source, the existing Te requirements for SL transmission timing can be reused in Rel-17.
Proposal 3: In Rel-17, it is suggested to reuse the existing SyncRef UE identification requirements for SL-DRX mode.
Proposal 4: In Rel-17, PSBCH-RSRP measurement period in SL-DRX mode is suggested to be defined as max(320ms, 2 SL-DRX cycles).
Proposal 5: When SyncRef UE is used as synchronization reference source, the evaluation period to initiate/cease SLSS transmissions can be defined as max(4 S-SSB periods, 4 SL-DRX cycles) for SL-DRX mode.
Proposal 6: When NR/E-URTAN cell is used as synchronization reference source, the existing evaluation period requirements to initiate/cease SLSS transmissions can be reused.
Proposal 7: How to specify the scheduling availability requirements for UE switching between NR UL transmission and NR SL reception needs RF inputs on switching period length and the reference timing for SL.
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