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1. Introduction

In RAN4#82 meeting, the core requirement works for V2X were finalized and the correspondding CRs were agreed. In this contribution, we provide the discussion on V2X RRM test cases based on the agreed RRM core requirements for V2X sidelink communication.
2. Discussion
The RRM core requirements that were agreed for V2X sidelink communication are depicted in the following table.
Table 1: RRM core requirements for V2X sidelink Communication 

	V2X requirements
	Section Num

	UE Transmit Timing
	GNSS as timing reference
	13.2.2

	
	eNB as timing reference
	13.2.3

	
	SyncRef UE as timing reference
	13.2.4

	Initiation/Cease of SLSS
	eNB as timing reference
	13.3.1.1

	
	GNSS as timing reference
	13.3.1.2

	
	SyncRef UE as timing reference
	13.3.1.3

	Selection/Reselection of V2X Synchronization Reference
	13.4

	Autonomous Resource Selection/Reselection measurements
	13.5

	Congestion Control measurements
	13.6

	Interruptions
	Interruptions to WAN due to V2X Sidelink Communication
	13.7.1

	
	V2X Sidelink Communication Dropping due to synchronization source change
	13.7.2


Some of the considerations for the test cases were as follows:

· UE Transmit Timing
For V-UE, the transmission timing requirements can be checked by using SLSS transmission or PSSCH transmission. Since P-UE does not support transmission of SLSS, the transmission timing requirements only can be checked by using PSSCH transmission for P-UE. Hence, it is suggested to verify V2X UE transmit timing by using the transmission timing of PSSCH transmissions.
Proposal 1: In V2X UE transmit timing accuracy tests, it is suggested to verify the requirements by using the transmission timing of PSSCH transmissions.
· Initiation/Cease of SLSS
The requirements of initiate/cease SLSS transmissions for V2X are defined separately for three type of timing reference as follows:

· GNSS as timing reference

· eNB as timing reference
· SyncRef UE as timing reference

However, it can be observed that the same requirements are applied for both cases of eNB as timing reference and GNSS as timing reference. In both of the two cases, UE shall be capable of measuring the RSRP of the cell used to transmit V2X sidelink communication to evaluate to initiate/cease SLSS transmissions networkControlledSyncTx is not configured; and syncTxThreshIC is included in SystemInformationBlockType21. In order to reduce the duplicated test cases, we propose to define initiate/cease SLSS transmissions tests for one of them.
Proposal 2: For V2X UE initiate/cease SLSS transmissions, it is suggested to define the RRM tests for eNB and SyncRef UE as timing reference.
· Selection/Reselection of V2X Synchronization Reference
For selection/reselection of V2X synchronization reference, the requirements on selection/reselection to the SyncRef UE have different definitions for the two cases of GNSS configured as the highest priority and eNB configured as the highest priority. At least two RRM tests shall be defined to verify these requirements.
For GNSS configured as the highest priority, the test system simulates SyncRef UE1 (synchronized to GNSS in-directly) and SyncRef UE2 (synchronized to GNSS directly) and no GNSS signals that is available during the test. Priority order of the reference is: 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, both SyncRef UE 1 and SyncRef UE 2 are powered off. The UE under test is expected to transmit SLSS as an independent synchronization source.
· During T2, SynchRef UE1 is ON, SyncRef UE2 is powered off, and the UE under test is synchronized to SynchRef UE1.

· During T3, SynchRef 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 SynchRef UE1 to SynchRef UE2. This will be reflected in the SLSS transmissions by the UE under test.
For eNB configured as the highest priority, the test system simulates SyncRef UE1 (synchronized to eNB in-directly) and SyncRef UE2 (synchronized to eNB 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, SynchRef 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 SynchRef UE1. This will be reflected in the SLSS transmissions by the UE under test.
· During T3, SynchRef 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 SynchRef UE1 to SynchRef UE2. This will be reflected in the SLSS transmissions by the UE under test.
Proposal 3: 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.
· Autonomous Resource Selection/Reselection measurements

For the requirements related to autonomous resource selection/reseletion of the UE capable of V2X sidelink communication, the PSSCH-RSRP measurements and filtered S-RSSI measurements are specified. Since PSSCH-RSRP and filtered S-RSSI are not reported, these requirements cannot be directly tested. Based on the definition of in TS 36.213, the UE shall determine the set SB of resources to be reported in PSSCH transmission according to the PSCCH decoded and S-RSSI measured in the sensing window. Hence, the test shall verify the requirements by observing the correct reporting set SB. The test setups involve one UE under test and 80 other instrumental UEs and each instrumental UE is configured to transmit once every 100ms using the subframes {1, 2, …, 80} respectively in the 100ms windows. The SNR levels of each instrumental UE and the UE under test shall be properlt set to make sure that the expected SB set is the set of subframes {81, 82, …., 100}. 
There two independent tests shall be defined for the PSSCH-RSRP measurements and S-RSSI measurements respectively.
Testing for PSSCH-RSRP measurements: a) PSCCH can be reliably decoded; b) Data-RSRP is a little higher than the configured test parameter SL-ThresPSSCH-RSRP plus PSSCH-RSRP measurements error margin; c) S-RSSI of sub-channels in the subframes {1, 2, …, 80} is much larger than noise level + S-RSSI measurement error margin.
Testing for S-RSSI measurements: a) PSCCH can be reliably decoded; b) Data-RSRP is much lower than the configured test parameter SL-ThresPSSCH-RSRP minus PSSCH-RSRP measurements error margin; c) S-RSSI of sub-channels in the subframes {1, 2, …, 80} is a little larger than noise level + S-RSSI measurement error margin.
Each test shall be run for a long enough amount of time. The ratio to time where the UE under test transmit on the set of subframes {1, 2, …, 80} is suggest to be less than 10%.
Proposal 4: For autonomous resource selection/reselection measurement, two separate RRM tests shall be defined for PSSCH-RSRP measurements and S-RSSI measurements respectively.
· 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 every100ms and report the measured CBR. The test setups involve one UE under test and 80 other instrumental UEs and each instrumental UE is configured to transmit once every 100ms using the subframes {1, 2, …, 80} respectively in the 100ms windows. 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 subframes. For CBR measurements, new events (V1/V2) are introduced in TS36.331 and can be utilized to verify single-shot S-RSSI measurements accuracy 
Proposal 5: For defining congestion control measurements test, new event V1/V2 can be utilized to verify S-RSSI measurements accuracy.
· Interruptions

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, only PSSCH or SLSS will be transmitted in sidelink-subframe and both of them are unidirectional transmissions. Since there is no feedback mechanism for PSSCH or SLSS transmission, it is difficult to verify whether the sidelink transmission is dropped or not. V2X reception includes PSCCH/PSSCH decoding, SLSS detection and S-RSRP/PSSCH-RSRP/S-RSSI measurements.
Proposal 6: RAN4 shall study the feasibility of defining the RRM test which is to verify the requirements on V2X sidelink communication dropping due to synchronization source change.
Based on the above analysis, RRM test cases for V2X are suggested as follows.
Proposal 7: RAN4 to consider the following RRM test cases for V2X sidelink communication.

Table 2: RRM test cases for V2X sidelink communication (Band 47)

	Test #
	Related Sub-clause
	Test purpose

	Test 1
	Test 1.1
	13.2.2
	Verify UE transmit timing accuracy for V2X sidelink communication when GNSS as timing reference

	
	Test 1.2
	13.2.3
	Verify UE transmit timing accuracy for V2X sidelink communication when eNB as timing reference

	
	Test 1.3
	13.2.4
	Verify UE transmit timing accuracy for V2X sidelink communication when SyncRef UE as timing reference

	Test 2
	Test 2.1
	13.3.1.1
	Verify Initiation/Cease of SLSS transmissions when eNB as timing reference

	
	Test 2.2
	13.3.1.3
	Verify Initiation/Cease of SLSS transmissions when SyncRef UE as timing reference

	Test 3
	Test 3.1
	13.4
	Selection/Reselection of V2X Synchronization Reference when GNSS is configured as the highest priority

	
	Test 3.2
	13.4
	Selection/Reselection of V2X Synchronization Reference when eNB is configured as the highest priority

	Test 4
	Test 4.1
	13.5.1
	Verify autonomous resource selection/reselection for PSSCH-RSRP measurements

	
	Test 4.1
	13.5.2
	Verify autonomous resource selection/reselection for S-RSSI measurements

	Test 5
	13.6
	Verify congestion control measurements for S-RSSI

	Test 6
	13.7
	Verify interruptions to WAN due to V2X sidelink communication 


3. Conclusions

This contribution provides further analysis on channel busy ratio requirements for V2X. The following proposals and observations are given: 
Proposal 1: In 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 to define the RRM tests for eNB and SyncRef UE as timing reference.
Proposal 3: 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 4: For autonomous resource selection/reselection measurement, two separate RRM tests shall be defined for PSSCH-RSRP measurements and S-RSSI measurements respectively.
Proposal 5: For defining congestion control measurements test, new event V1/V2 can be utilized to verify S-RSSI measurements accuracy.
Proposal 6: RAN4 shall study the feasibility of defining the RRM test which is to verify the requirements on V2X sidelink communication dropping due to synchronization source change.
Proposal 7: RAN4 to consider the following RRM test cases for V2X sidelink communication.

Table 2: RRM test cases for V2X sidelink communication (Band 47)

	Test #
	Related Sub-clause
	Test purpose

	Test 1
	Test 1.1
	13.2.2
	Verify UE transmit timing accuracy for V2X sidelink communication when GNSS as timing reference

	
	Test 1.2
	13.2.3
	Verify UE transmit timing accuracy for V2X sidelink communication when eNB as timing reference

	
	Test 1.3
	13.2.4
	Verify UE transmit timing accuracy for V2X sidelink communication when SyncRef UE as timing reference

	Test 2
	Test 2.1
	13.3.1.1
	Verify Initiation/Cease of SLSS transmissions when eNB as timing reference

	
	Test 2.2
	13.3.1.3
	Verify Initiation/Cease of SLSS transmissions when SyncRef UE as timing reference

	Test 3
	Test 3.1
	13.4
	Selection/Reselection of V2X Synchronization Reference when GNSS is configured as the highest priority

	
	Test 3.2
	13.4
	Selection/Reselection of V2X Synchronization Reference when eNB is configured as the highest priority

	Test 4
	Test 4.1
	13.5.1
	Verify autonomous resource selection/reselection for PSSCH-RSRP measurements

	
	Test 4.1
	13.5.2
	Verify autonomous resource selection/reselection for S-RSSI measurements

	Test 5
	13.6
	Verify congestion control measurements

	Test 6
	13.7
	Verify interruptions to WAN due to V2X sidelink communication 
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