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Introduction
The core requirements for NR V2X sidelink communication have been introduced into TS38.133. In this contribution, we provide the discussion on V2X RRM test cases based on the agreed RRM core requirements for NR V2X sidelink communication. 
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[bookmark: OLE_LINK356][bookmark: OLE_LINK355]The RRM core requirements that have been agreed for NR V2X sidelink communication are summarized in the following table.
Table 1: RRM core requirements for NR V2X sidelink Communication 
	V2X requirements
	Section Num

	UE Transmit Timing
	GNSS as timing reference
	12.2.2

	
	gNB as timing reference
	12.2.3

	
	eNB as timing reference
	12.2.4

	
	SyncRef UE as timing reference
	12.2.5

	Initiation/Cease of SLSS
	gNB as timing reference
	12.3.1.1

	
	eNB as timing reference
	12.3.1.2

	
	GNSS as timing reference
	12.3.1.3

	
	SyncRef UE as timing reference
	12.3.1.4

	Selection/Reselection of V2X Synchronization Reference
	12.4

	L1 SL-RSRP measurements
	12.5

	Congestion Control measurements
	12.6

	Interruptions
	Interruptions to WAN due to V2X Sidelink Communication
	12.7.1

	
	V2X Sidelink Communication Dropping due to synchronization source change
	12.7.2

	
	
	



Tests for UE transmit timing
The RRM requirements on V2X UE transmit timing were defined for four types of synchronization reference source respectively.
· GNSS as timing reference
· gNB as timing reference
· eNB as timing reference
· SyncRef UE as timing reference
Then, V2X UE transmit timing tests need to be defined separately for four types of synchronization reference source. For V2X UE, the transmission timing requirements can be verified by using SLSS transmission or PSSCH transmission. We suggest to verify V2X UE transmit timing by using the transmission timing of PSSCH transmissions.
Proposal 1: In NR V2X UE transmit timing accuracy tests, it is suggested to verify the requirements by using the transmission timing of PSSCH transmissions.
Tests for Initiation/Cease SLSS Transmission
The requirements on initiation/cease SLSS transmissions for V2X are defined separately for four type of timing reference as follows:
· GNSS as timing reference
· gNB as timing reference
· eNB as timing reference
· SyncRef UE as timing reference
Accordingly, initiation/cease SLSS transmission tests need to be defined separately for different types of synchronization reference source. However, in TS 38.133, it can be observed that the requirements on initiation/cease SLSS transmissions for gNB/eNB as timing reference are reused for GNSS as timing reference. Hence, we suggest not to define the initiation/cease SLSS transmission test for GNSS as timing reference.
Proposal 2: For V2X UE initiate/cease SLSS transmissions, it is suggested not to define the RRM tests for GNSS as timing reference.
· gNB as the timing reference
The initiation/cease SLSS transmissions test with gNB as timing reference is to verify the UE capability of performing SS-RSRP measurements of NR serving cell/PCell. The test system simulates one active cell, and the test consists of three consecutive time periods, with time duration of T1, T2 and T3, respectively.
· During T1, the SS-RSRP of the cell is set as higher than the parameter syncTxThreshIC.
· During T2, the SS-RSRP of the cell is decreased and set as lower than the parameter syncTxThreshIC. The UE under test is triggered to initiate SLSS transmissions.
· During T3, the SS-RSRP of the cell is increased and set as higher than the parameter syncTxThreshIC. The UE under test is triggered to cease SLSS transmissions
· eNB as the timing reference
The initiation/cease SLSS transmissions test with eNB as timing reference is to verify the UE capability of performing RSRP measurement of LTE serving cell/PCell. The test setup of the existing initiation/cease of SLSS transmissions tests in LTE can be reused as baseline. The test system simulates one active cell, and the test consists of three consecutive time periods, with time duration of T1, T2 and T3, respectively.
· During T1, the RSRP of the cell is set as higher than the parameter syncTxThreshIC.
· During T2, the RSRP of the cell is decreased and set as lower than the parameter syncTxThreshIC. The UE under test is triggered to initiate SLSS transmissions.
· During T3, the RSRP of the cell is increased and set as higher than the parameter syncTxThreshIC. The UE under test is triggered to cease SLSS transmissions
· SyncRef UE as timing reference
The initiation/cease SLSS transmissions test with SyncRef UE as timing reference is to verify the UE capability of performing S-RSRP measurement of the selected SyncRef UE. The test setup of the existing initiation/cease of SLSS transmissions tests in LTE can be reused as baseline. The test system simulates one SyncRef UE, and the test consists of three consecutive time periods, with time duration of T1, T2 and T3, respectively.
· During T1, the S-RSRP of SyncRef UE is set as higher than the parameter syncTxThreshOoC.
· During T2, the S-RSRP of SyncRef UE is decreased and set as lower than the parameter syncTxThreshOoC. The UE under test is triggered to initiate SLSS transmissions.
· During T3, the S-RSRP of SyncRef UE is increased and set as higher than the parameter syncTxThreshOoC. The UE under test is triggered to cease SLSS transmissions.
Proposal 3: For V2X UE initiate/cease SLSS transmissions tests, the test setups provided in section 2.2 are suggested to be used.

Tests for SyncRef UE Selection/Reselection
The following two types of requirements have been defined for SyncRef UE selection/reselection:
· Type 1: UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly for GNSS configured as the highest priority
· 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.
· Type 2: in 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.
Since both GNSS and gNB cannot be (pre-)configured as the highest priority in the same test scenario, two separate RRM tests shall be defined for the two cases of GNSS configured as the highest priority and gNB configured as the highest priority.
Proposal 4: For selection/reselection of V2X synchronization reference, two separate RRM tests shall be defined for GNSS configured as the highest priority and eNB configured as the highest priority respectively.
For GNSS configured as the highest priority, both Type 1 and Type 2 requirements need to be verified. The test system simulates SyncRef UE1 (synchronized to gNB directly), SyncRef UE2 (synchronized to GNSS in-directly) and SyncRef UE3 (synchronized to GNSS directly). No GNSS signals that is available during the test. Priority order of the reference is: SyncRef UE 3 > SyncRef UE 2 > SyncRef UE1. The UE under test is expected to reselect to the higher priority synchronization sources as they become detectable. The parameter syncTxThreshOOC is set as +infinity, and the selected synchronization source is checked using the SLSSID used by the UE under test for its SLSS transmissions. The test consists of three consecutive time periods, with time duration of T1, T2 and T3, respectively.
· During T1, SyncRef UE 1 is powered on, SyncRef UE 2 and SyncRef UE 3 are powered off, and the UE under test is synchronized to SyncRef UE1.
· During T2, SyncRef UE2 becomes detectable and SyncRef UE 3 is still powered off. Since SyncRef UE2 has a higher priority than SyncRef UE1, the UE under test is expected to change its reference synchronization from SyncRef UE1 to SyncRef UE2. This will be reflected in the SLSS transmissions by the UE under test.
· During T3, SyncRef UE3 becomes detectable, SyncRef UE 1 is powered off, and the UE under test is expected to change its reference synchronization from SyncRef UE2 to SyncRef UE3. This will be reflected in the SLSS transmissions by the UE under test.
For gNB configured as the highest priority, only Type 2 requirements need to be verified. The test system simulates SyncRef UE1 (synchronized to gNB in-directly) and SyncRef UE2 (synchronized to gNB directly) and GNSS signals that is switched on during the whole test. Priority order of the reference is: SyncRef UE 2 > SyncRef UE1 > GNSS. The UE under test is expected to reselect to the higher priority synchronization sources as they become detectable. The parameter syncTxThreshOOC is set as +infinity, and the selected synchronization source is checked using the SLSSID used by the UE under test for its SLSS transmissions. The test consists of three consecutive time periods, with time duration of T1, T2 and T3, respectively.
· During T1, both SyncRef UE 1 and SyncRef UE 2 are powered off, the UE under test has been synchronized to GNSS.
· During T2, SyncRef UE1 is ON, SyncRef UE2 is OFF. Since SyncRef UE1 has a higher priority than SyncRef UE1, the UE under test is expected to change its reference synchronization from GNSS to SyncRef UE1. This will be reflected in the SLSS transmissions by the UE under test.
· During T3, SyncRef UE2 becomes detectable. Since SyncRef UE2 has a higher priority than SyncRef UE1, the UE under test is expected to change its reference synchronization from SyncRef UE1 to SyncRef UE2. This will be reflected in the SLSS transmissions by the UE under test.
Proposal 5: For selection/reselection of V2X synchronization reference, the test setups provided in section 2.3 are suggested to be used.

Tests for L1 SL-RSRP Measurements
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]The L1 SL-RSRP measurement requirements for resource allocation mode 2 are specified. Since L1 SL-RSRP measurement results are not reported, these requirements cannot be directly tested. Based on the definition of in TS 38.214, the UE shall determine the set SA of resources to be reported in PSSCH transmission according to the PSCCH decoded and L1 SL-RSRP measured in the sensing window. Either PSSCH-RSRP or PSCCH-RSRP can be (pre-)configured as L1 SL-RSRP for sensing measurements. RAN4 agreed to define same accuracy requirements for PSSCH-RSRP and PSCCH-RSRP. So, we suggest to define one L1 SL-RSRP measurement test with either PSSCH-RSRP or PSCCH-RSRP configured as L1 SL-RSRP.
Proposal 6: It is suggested to define one RRM test for L1 SL-RSRP measurement, and one of PSSCH-RSRP or PSCCH-RSRP could be configured as L1 SL-RSRP.
The test methodology of LTE V2X UE sensing tests for PSSCH-RSRP measurements can be used as baseline for deriving test setup of NR L1 SL-RSRP measurement test. However, the step 2 of sensing procedure for NR V2X is different with the step 2 of sensing procedure for LTE V2X. In LTE V2X, the candidate resources in step 2 is selected by S-RSSI ranking. In NR V2X, the candidate resources in step 2 is randomly selected. RAN4 need further study the test parameters of NR L1 SL-RSRP measurement test.
Tests for Congestion Control Measurements
For the requirements on congestion control measurements, the absolute S-RSSI measurement accuracy are specified. Since single-shot S-RSSI are not reported and cannot be directly tested. The UE shall measure the CBR based on the S-RSSI measurements during time window (100ms or 100slots) and report the measured CBR. Obviously, the congestion control procedure for NR V2X is similar with that for LTE V2X. The congestion control test setups for LTE V2X can be used as baseline for NR V2X. The test involves one UE under test and 4 other instrumental UEs and each instrumental UE is configured to transmit once every 100 slots using the slots {0, 1, 2, 3} respectively during the time window. The SNR levels of each instrumental UE and the UE under test shall be properly set to make sure that the expected S-RSSI is measured in the slots. For CBR measurements, event V1 can be utilized to verify single-shot S-RSSI measurements accuracy.
Proposal 7: For congestion control measurements test in NR V2X, the test methodology for LTE V2X can be utilized to verify S-RSSI measurements accuracy.
Tests for Interruption requirements
There are two types of interruptions requirements specified for V2X sidelink communications. For the requirements on the interruptions to WAN, the corresponding RRM test shall verify the interruption for UL/DL of serving cell(s) which can be verified by counting the number of missed ACK/NACKs. For the requirements on V2X sidelink communication dropping due to synchronization source change, the corresponding RRM test shall verify the V2X sidelink transmissions/receptions dropping. For V2X sidelink transmission, PSCCH/PSSCH or SLSS will be transmitted in sidelink-slots. SLSS transmissions are unidirectional. Although HARQ feedback mechanism for PSSCH is used for groupcast transmission, however, continuous PSSCH scheduling is difficult to implement. Hence, it is difficult to verify whether the sidelink transmission is dropped or not. 
Proposal 8: For interruption test in NR V2X, it is suggested not to define the RRM test which is to verify the requirements on V2X sidelink communication dropping due to synchronization source change.
Conclusions
This contribution provides our analysis on interruption related RRM requirements for NR V2X sidelink. The following are provided:
Proposal 1: In NR V2X UE transmit timing accuracy tests, it is suggested to verify the requirements by using the transmission timing of PSSCH transmissions.
Proposal 2: For V2X UE initiate/cease SLSS transmissions, it is suggested not to define the RRM tests for GNSS as timing reference.
Proposal 3: For V2X UE initiate/cease SLSS transmissions tests, the test setups provided in section 2.2 are suggested to be used.
Proposal 4: For selection/reselection of V2X synchronization reference, two separate RRM tests shall be defined for GNSS configured as the highest priority and eNB configured as the highest priority respectively.
Proposal 5: For selection/reselection of V2X synchronization reference, the test setups provided in section 2.3 are suggested to be used.
Proposal 6: It is suggested to define one RRM test for L1 SL-RSRP measurement, and either PSSCH-RSRP or PSCCH-RSRP could be configured as L1 SL-RSRP.
Proposal 7: For congestion control measurements test in NR V2X, the test methodology for LTE V2X can be utilized to verify S-RSSI measurements accuracy.
Proposal 8: For interruption test in NR V2X, it is suggested not to define the RRM test which is to verify the requirements on V2X sidelink communication dropping due to synchronization source change.
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