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Introduction
In RAN4 #100-e meeting, the RRM impacts due to new operating scenarios and SL-DRX in R17 V2X were discussed. In this contribution, we provide further discussion on RRM impacts related to SL DRX.
Discussion
· Initiation/cease of SLSS transmission due to SL-DRX
When GNSS or NR/E-URTAN cell is used as synchronization reference source for an in-coverage UE, 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, and the following agreements have been achieved in RAN2:
	Agreements on alignment between Uu DRX and SL DRX
1: 	Alignment of Uu DRX and SL DRX for UE may comprise the full overlapping between Uu DRX and SL DRX in time.
2:	Alignment of Uu DRX and SL DRX for UE may comprise the partial overlapping between Uu DRX and SL DRX in time.
3:	For at least SL RX-UEs in RRC CONNECTED, the alignment of Uu DRX and SL DRX is up to gNB. FFS for SL TX-UE.
4:	RAN2 to down-scope alignment of Uu DRX and SL DRX for UEs in RRC IDLE and RRC INACTIVE from Rel-17.
5:	In case of Mode 1 scheduling, the alignment of Uu DRX of Tx UE and SL DRX of Rx UE shall be considered. FFS on how alignment is achieved.


It can be observed that SL DRX wake-up time could be fully or partially overlapped with Uu DRX wake-up time in an in-coverage UE. The alignment mechanism between Uu DRX and SL DRX is still under discussion in RAN2. However, the UE performs RSRP measurements on Uu link and the evaluation period of RSRP shall be based Uu DRX configuration. Hence, the current evaluation period requirements can also be applied when SL DRX is used.
Proposal 1: When GNSS or NR/E-URTAN cell is used as synchronization reference source for an in-coverage UE, the existing evaluation period requirements to initiate/cease SLSS transmissions can be reused.
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). When SL DRX is configured for sidelink and SL-DRX cycle is longer than S-SSB period, the UE could perform PSBCH-RSRP measurement according to SL-DRX configuration for power saving purpose. 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.
Proposal 2: 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.
· 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. UE perform sidelink receptions based on SL DRX configuration. However, UE still need to perform SLSS transmissions with 160ms periodicity.
Proposal 3: For synchronous case, the existing R16 SyncRef UE identification requirements can be reused when SL-DRX is configured to UE.
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. When SL DRX cycle is 2.56 seconds, three DRX cycles is equal to 7.68 seconds. The power saving gain of the existing SyncRef UE identification requirements is comparable to the SL DRX configuration with 2.56 seconds cycle length. When DRX cycle length is longer than 2.56 seconds, the SyncRef UE identification time can be defined as 3 SL-DRX cycles. When SL DRX cycle is longer than 160ms, UE can perform SyncRef UE identification outside onduration period, i.e. search window could be non-overlapped with onduration period. When SL DRX cycle is equal to or shorter than 160ms, search window would be always overlapped with onduration period. When SL DRX cycle is 160ms, there are 50 DRX cycles within 8 seconds and the onduration period of 3 DRX cycles needs to be dropped due to SyncRef UE identification. So, the corresponding dropping rate is 6%, which is same as the existing SyncRef UE identification requirements.
Proposal 4: For asynchronous case, the SyncRef UE identification time in SL-DRX mode can be defined as max(8 seconds, 3 SL-DRX cycles) and the existing dropping rate requirements (6%) on can be reused.

For PSBCH-RSRP measurement period, as we discuss it for initiation/cease of SLSS transmissions, the PSBCH-RSRP measurement period in SL-DRX mode is suggested to be defined as max(320ms, 2 SL-DRX cycles).
Proposal 5: For asynchronous case, the PSBCH-RSRP measurement period for V2X synchronous reference source selection/reselection can be defined as max(320ms, 2 SL-DRX cycles).
· Selection for multiple SL-DRX configuration.
In RAN2, the following agreements have been achieved on SL-DRX.
	Agreements on DRX for SL GC and BC
1: 	WA: RAN2 assumes that the V2X layer of Rx UE passes the PC5 QoS parameters together with the corresponding destination layer-2 ID(s) for reception to the AS layer, as per TR 23.776 conclusion, and will further discuss SL DRX design based on this working assumption. RAN2 does not need to send LS to SA2 to clarify this issue.
2:	For GC/BC, DRX cycle should take at least QoS requirement into consideration.
3:	For GC/BC, DRX cycle(s) is configured per QoS profile. FFS on the need of down-select one DRX cycle from available DRX cycles for a specific L2 DST ID if UE has multiple QoS profiles for same DST L2 ID.
4:	For GC/BC, DRX cycle is configured per QoS profile.
5a:	For GC/BC, RAN2 understands that sl-drx-startoffset does not take QoS requirement into consideration.
5b:	For GC/BC, For GC/BC, sl-drx-startoffset is set based on DST L2 ID.


For gourpcast/broadcast based sidelink, DRX cycle is configured per QoS profile. When UE has multiple QoS profiles, multiple DRX cycles may need to be applied for this UE. In this case, we suggest to perform PSBCH-RSRP measurements or SyncRef UE identification according to the shortest SL DRX cycle.
Proposal 6: When multiple SL-DRX configurations are applied on the UE, we suggest that the UE performs PSBCH-RSRP measurements and SyncRef UE identification according to the shortest SL DRX cycle.
· Interruptions due to SL/Uu DRX
In Rel-16, the interruption on SL due to Uu operations had been discussed for NR V2X. Due to the difficulty on verifying the interruption on SL, RAN4 had agreed only to focus on the interruption requirements on Uu for Rel-16 NR V2X and no interruption requirements on SL are introduced. There has the same issue for Rel-17 NR V2X. Similarly, we suggest not to introduce the interruption requirements on SL in Rel-17.
Proposal 7: For Rel-17 NR V2X, it is suggested not to introduce the interruption requirements on SL.
[bookmark: _GoBack]As we mentioned above, the alignment of Uu DRX and SL-DRX will be supported. The operation of tuning ON/OFF on SL RF could be possibly aligned with that on Uu RF. When the tuning ON/OFF operation occurs on SL RF and Uu RF simultaneously, there is no additional interruption on Uu link.
Proposal 8: When SL-DRX configuration is aligned with Uu DRX configuration, it is suggested not to introduce the interruption to WAN due to tuning ON/OFF on SL RF.
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]
Conclusions
For Rel-17 NR V2X enhancements, this contribution provides our analysis on RRM impacts. The following are provided:
Proposal 1: When GNSS or NR/E-URTAN cell is used as synchronization reference source for an in-coverage UE, the existing evaluation period requirements to initiate/cease SLSS transmissions can be reused.
Proposal 2: 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 3: For synchronous case, the existing R16 SyncRef UE identification requirements can be reused when SL-DRX is configured to UE.
Proposal 4: For asynchronous case, the SyncRef UE identification time in SL-DRX mode can be defined as max(8 seconds, 3 SL-DRX cycles) and the existing dropping rate requirements (6%) on can be reused.
Proposal 5: For asynchronous case, the PSBCH-RSRP measurement period for V2X synchronous reference source selection/reselection can be defined as max(320ms, 2 SL-DRX cycles).
Proposal 6: When multiple SL-DRX configurations are applied on the UE, we suggest that the UE performs PSBCH-RSRP measurements and SyncRef UE identification according to the shortest SL DRX cycle.
Proposal 7: For Rel-17 NR V2X, it is suggested not to introduce the interruption requirements on SL.
Proposal 8: When SL-DRX configuration is aligned with Uu DRX configuration, it is suggested not to introduce the interruption to WAN due to tuning ON/OFF on SL RF.
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