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1 Introduction
In RAN #88 meeting, RRM performance part of WI “5G V2X with NR sidelink” was approved to be discussed from Aug. meeting[1]. In this paper, we will discuss possible V2X RRM test cases based on agreed RAN4 RRM core part and leverage to agreed RAN4 LTE V2X RRM and NR RRM test case design.
2 LTE V2X RRM test case overview
In LTE V2X RRM, the agreed test cases to verify the RRM core requirements are listed below.
Table 1: RRM test cases for V2X requirements
	[bookmark: _Hlk482709254][bookmark: OLE_LINK148][bookmark: OLE_LINK149]No
	Feature/requirements
	Type of Test
	No of tests
	Proposed section

	1
	UE Transmit Timing (Section 13.2)
	V2X UE Transmit Timing Accuracy Test for eNB as timing reference
	1
	A.12.1 V2X UE Transmission Timing Accuracy Test
A.12.1.1 V2X UE Transmission Timing Accuracy Test for eNB as timing reference

	2
	
	V2X UE Transmit Timing Accuracy Test for SyncRef UE as timing reference
	1
	[bookmark: OLE_LINK230][bookmark: OLE_LINK231]A.12.1.2 V2X UE Transmission Timing Accuracy Test for SyncRef UE as timing reference

	3
	Initiation/Cease of SLSS (Section 13.3)
	Initiation/Cease of SLSS Transmission with V2X Sidelink Communication for eNB as timing reference
	1
	A.12.2 Initiation/Cease of SLSS Transmission with V2X Sidelink Communication 
A.12.2.1 Initiation/Cease of SLSS Transmission with V2X Sidelink Communication for eNB as timing reference

	4
	
	Initiation/Cease of SLSS Transmission with V2X Sidelink Communication for SyncRef UE as timing reference
	1
	A.12.2.2 Initiation/Cease of SLSS Transmission with V2X Sidelink Communication for SyncRef UE as timing reference

	5
	Selection/Reselection of V2X Synchronization Reference (Section 13.4)
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]V2X Synchronization Reference Selection / Reselection Test when GNSS is configured as the highest priority
	1
	A.12.3 V2X Synchronization Reference Selection / Reselection Test
A.12.3.1 V2X Synchronization Reference Selection / Reselection Test for GNSS configured as the highest priority

	6
	
	V2X Synchronization Reference Selection / Reselection Test when eNB is configured as the highest priority
	1
	A.12.3.2 V2X Synchronization Reference Selection / Reselection Test for eNB configured as the highest priority

	7
	Autonomous Resource Selection/Reselection Measurements (Section 13.5)
	Autonomous Resource Selection/Reselection Test for PSSCH-RSRP measurements
	1
	A.12.4 V2X UE Autonomous Resource Selection/Reselection Test
A.12.4.1 V2X UE Autonomous Resource Selection/Reselection Test for PSSCH-RSRP measurements 

	8
	
	Autonomous Resource Selection/Reselection Test for S-RSSI measurements
	1
	[bookmark: OLE_LINK234][bookmark: OLE_LINK235]A.12.4.2 V2X UE Autonomous Resource Selection/Reselection Test for S-RSSI measurements

	9
	Congestion Control measurements (Section 13.6)
	Congestion Control measurements test
	1
	A.12.5 V2X UE Congest Control measurements Test

	11
	Interruptions (Section 13.7)
	Interruptions due to V2X Sidelink Communication
	1
	A.12.6 Interruptions Tests due to V2X Sidelink Communication


In NR V2X RRM core requirements, basically, most of the features/requirements are similar with legacy LTE V2X RRM. Thus, it’s reasonable to leverage legacy LTE V2X RRM test cases as baseline.
[bookmark: _Ref46840339]Proposal 1: LTE V2X RRM test cases can be the baseline to define NR V2X RRM test case.
3 General Rule
Numerology
In RAN4 #92 meeting, it had made following agreements about NR V2X SCS change:
	· Interruption to Uu due to SL BWP configuration/reconfiguration
· The SCS/BWP change on NR SL on ITS band is not a practical case in R16, and RAN4 will not define any requirement for this impractical SCS/BWP change on NR SL on ITS band in R16. 
RAN4 send LS to inform RAN1


In latest RAN1’s feature list about NR V2X, 30 KHz subcarrier spacing with normal CP in FR1 is baseline. 
	Receiving NR sidelink
12) UE can receive using 30 kHz subcarrier spacing with normal CP in FR1, 120 kHz subcarrier spacing with normal CP FR2 - This is the basic FG for sidelink.


[bookmark: _Ref7430415]From RAN4’s view, SCS change on ITS band is impractical. Besides, RAN1 agreed 30 kHz as the baseline feature in feature list. In other words, SCS = 30 kHz will be the only optional SCS in ITS band deployment. Thus, we suggest to define SCS = 30 KHz as a baseline in NR RRM test case. 
[bookmark: _Ref46840344]Proposal 2: Define test case with SCS=30kHz as baseline. 
Feature List
RAN1 was discussing the feature list of NR V2X. Since the performance part schedule is very short and e-meeting has less efficiency in discussion, we suggest RAN4 to focus on the RRM test cases related to baseline features as 1st priority. RAN4 can discuss other test cases which can be 2nd priority after finishing 1st priority test cases. Similar as NR RRM test case design, companies can also be volunteer to submit the interested test cases after RAN4 has a consensus on the RRM test case list.
[bookmark: _Ref46840347]Proposal 3: RAN4 shall focus on the RRM test cases related to UE baseline features as 1st priority. 
4 NR V2X RRM Test Case List
There are three types of test cases in NR V2X RRM as follow.
· Synchronization related
· Interruption related
· Measurement related
Synchronization related
In NR V2X, there are at most four kind of sync. source, GNSS, SyncRef UE, gNB, and eNB. In RAN1’s feature list, SL UE is at least required to have the capability to sync. to GNSS and SyncRef UE. Thus, we suggest to define the test cases for GNSS and SyncRef UE as sync. source.
[bookmark: _Ref46840353]Proposal 4: Define the test cases for GNSS and SyncRef UE as sync. source.
Interruption related
In NR V2X RRM core part, RAN4 had already defined the requirement for interruption to WAN due to V2X sidelink communication and another requirement for interruption due to switching between LTE SL and NR SL is on-going. However, RAN4 doesn’t need to define the related test cases for interruption to WAN since supporting the Uu link for V2X UE is an optional feature.
[bookmark: _Ref46840355]Proposal 5: Not to define the test cases for interruption to WAN.  
In LTE V2X test case, RAN4 already had an agreement on not to define the test cases on interruption due to sync. source change because the combination on sync. source change scenarios is too much. RAN4 will spend much time to discuss which combination will be tested and how to test them. We think this agreement is also suitable for current status in NR V2X. Since only two meeting cycles are left for RAN4 to finish NR V2X RRM performance part, this will bring a heavy workload to RAN4.
[bookmark: _Ref46840361]Proposal 6: Not to define the test cases for interruption due to sync. source change. 
In NR V2X RRM core part, RAN4 also defined a scheduling availability of UE switching between LTE SL and NR SL. In most scenarios, whether to switching between LTE SL and NR SL is up to UE implementation in RAN1’s agreements. The only clear UE’s behavior is when UE knows both LTE and NR SL transmission priorities, UE will transmit the higher priority packet. Once RAN4 decides to define a test case to this requirement, RAN4 shall discuss the way to control UE’s behavior during the test.    
	RAN1 #96b
· For Tx/Tx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted 
· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen (e.g., taking into account congestion, etc.)
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)


[bookmark: _Ref46840364]Proposal 7: RAN4 shall discuss the way to control UE’s behavior once RAN4 decides to define the test case of UE switching between LTE SL and NR SL.
Measurement related
In legacy LTE V2X, two test cases were defined for evaluating resource reselection procedure based on RSRP and RSSI. In NR V2X, only RSRP was defined in resource selection procedure. However, two new procedures, re-evaluation and pre-emption was introduced. In our view, both re-evaluation and pre-emption are critical to avoid collision with the transmission of high priority SL service, particularly for aperiodic higher-priority traffic. Therefore, we suggest that RAN4 shall study how to test both re-selection and pre-emption procedures in Rel-16.
[bookmark: _Ref47627528]Observation 1: Both re-evaluation and pre-emption are critical to support aperiodic higher-priority traffic in NR V2X.
From our understanding, legacy RSRP test case can be reused to verify the basic resource reselection procedure and RSRP measurement accuracy. RAN4 shall discuss whether and how to introduce a new test cases to verify both re-evaluation and pre-emption mechanisms. The related re-evaluation and pre-emption procedures in TS38.214 are shown as follow.
	…
-	if the higher layer requests the UE to determine a subset of resources from which the higher layer will select resources for PSSCH/PSCCH transmission as part of re-evaluation or pre-emption procedure, the higher layer provides a set of resources which may be subject to re-evaluation and a set of resources which may be subject to pre-emption.
-	it is up to UE implementation to determine the subset of resources as requested by higher layers before or after the slot  - , where  is the slot with the smallest slot index among and , and  is equal to , where  is defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP.
…
 denotes the set of slots which can belong to a sidelink resource pool and is defined in Clause 8.
The following steps are used:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP; 
[bookmark: _Hlk26190437]-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet budget (in slots); otherwise is set to the remaining packet delay budget (in slots).
The total number of candidate single-slot resources is denoted by .
[bookmark: _Hlk26192698]2)	The sensing window is defined by the range of slots [) where  is defined above and  is defined in slots in Table 8.1.4-1 where  is the SCS configuration of the SL BWP. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
3)	The internal parameter  is set to the corresponding value from higher layer parameter SL-ThresRSRP_pi_pj for  equal to the given value of  and each priority value .
4)	The set  is initialized to the set of all the candidate single-slot resources. 
5)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
-	the UE has not monitored slot  in Step 2.
-	for any periodicity value allowed by the higher layer parameter sl-ResourceReservePeriodList and a hypothetical SCI format 1-A received in slot  with "Resource reservation period" field set to that periodicity value and indicating all subchannels of the resource pool in this slot, condition c in step 6 would be met.
6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 1-A in slot , and "Resource reservation period" field, if present, and "Priority" field in the received SCI format 1-A indicate the values  and , respectively according to Clause 16.4 in [6, TS 38.213];
[bookmark: _Hlk26193771]b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than  ;
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]c)	the SCI format received in slot or the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 1-A, is assumed to be received in slot(s)  determines according to clause 8.1.5 the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots according to clause 8.1.7,  if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is set to selection window size T2 converted to units of ms.
7)	If the number of candidate single-slot resources remaining in the set  is smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.

The UE shall report set  to higher layers. 
If a resource  from the set  is not a member of , then the UE shall report re-evaluation of the resource  to higher layers.
If a resource  from the set  is not a member of  due to exclusion in step 6 above by comparison with the RSRP measurement for the received SCI format 1-A with an associated priority  and  and , then the UE shall report pre-emption of the resource  to higher layers.




UE has already tested the behavior for resource re-selection and RSRP measurement accuracy based on the resource re-selection test. This test already guaranteed UE has correct behavior for candidate window searching. In re-evaluation test, we can set an explicit candidate resource window. Based on TS38.214, the upper bound of reselection window can be 100 when is configured larger than PDB and PDB=100ms. The lower bound is up to UE, but it shall be less than. Thus, the reselection window can be as [, 100] in this re-evaluation test. 
In pre-emption test, TE can set test UE’s next transmission time as T3 slots(Nmax=2) based on UE’s RSRP configuration in the resource sensing window. The UE can transmit the initial transmission at time T2. The pre-emption sensing window will be before T3+21. 
The possible test setups for re-evaluation and pre-emption are stated as follow:
· [bookmark: OLE_LINK438][bookmark: OLE_LINK439][bookmark: OLE_LINK436][bookmark: OLE_LINK437][bookmark: OLE_LINK45]During 0-T1, one UE under test and 100 instrumental UEs, and the instrumental UE i (i=0, 1, …, 99) is configured to transmit PSSCH and the corresponding PSCCH by using the slot i (i=0, 1, …, 99) in every 100ms(SCS=15KHz).
· The original 100 instrumental UE RSRP configuration can be {0, …,19+}, {40+, …, 79} as high power, {80-,…, 99-} as medium power and {20+, …, 39+} as low power.
· After T1, test UE has already chosen its report candidate set={20+,…,39+}. 
· The equipment can configure test UE to transmit the PSSCH/PSCCH with re-evaluation. The re-evaluation window can be {T1, T1+20} due to the limitation on before the slot  - . The equipment will configure the UEs in re-evaluation window with high power and high priority and reserved periodicity as 20+.
· UE will exclude the already reported set  based on the new configuration and re-choose the set  as T1+{80-, …, 99-} before T1+20+.
· UE will finally transmit the initial PSSCH/PSCCH in slot T2 between T1+{80-, …, 99-}  with the reservation periodicity.
· After T2, the equipment can decode the SCI from test UE and configure higher priority UE with high power at the same time-frequency position T3 with test UE’s next transmission. At the same time, the TE sets low power for {T3+1, T3+ 21}.  
· UE will exclude the already reported reservation resource based on the updated pre-emption sensing window and re-choose the re-transmission in new low power occasion.
[image: ]
Figure 1. Re-evaluation Test Procedure
[image: ]
Figure 2. Pre-emption Test Procedure
[bookmark: _Ref46840372]Proposal 8: RAN4 shall reuse the resource reselection with RSRP test case in LTE V2X to verify the RSRP accuracy at the same time. 
[bookmark: _Ref46840375]Proposal 9: RAN4 shall discuss the feasibility to define the test cases related to re-evaluation and pre-emption and whether they can be merged into one test case.
RRM test case list
We list the potential RRM test cases as follow with the priority. RAN4 shall discuss the 1st priority test case in next meeting and companies are volunteer to responsible for the following test cases.
[bookmark: _Ref46840419]Proposal 10:
	No
	Feature/requirements
	Type of Test
	No of tests
	Priority
	Company

	1
	UE Transmit Timing (Section 12.2)
	V2X UE Transmit Timing Accuracy Test for GNSS as timing reference
	1
	1
	

	2
	
	V2X UE Transmit Timing Accuracy Test for SyncRef UE as timing reference
	1
	1
	

	3
	
	V2X UE Transmit Timing Accuracy Test for gNB UE as timing reference
	1
	2
	

	3
	Initiation/Cease of SLSS (Section 12.3)
	Initiation/Cease of SLSS Transmission with V2X Sidelink Communication for SyncRef UE as timing reference
	1
	1
	

	4
	
	Initiation/Cease of SLSS Transmission with V2X Sidelink Communication for gNB as timing reference
	1
	2
	

	5
	Selection/Reselection of V2X Synchronization Reference (Section 12.4)
	V2X Synchronization Reference Selection / Reselection Test when GNSS is configured as the highest priority
	1
	1
	

	6
	
	V2X Synchronization Reference Selection / Reselection Test when gNB is configured as the highest priority
	1
	2
	

	7
	Autonomous Resource Selection/Reselection Measurements (Section 12.5)
	Autonomous Resource Selection/Reselection Test for PSSCH-RSRP measurements
	1
	1
	

	8
	
	Autonomous Resource Selection/Reselection Test for re-evaluation and pre-emption
	1
	1
	

	9
	Congestion Control measurements (Section 12.6)
	Congestion Control measurements test
	1
	1
	

	10
	Interruptions (Section 12.7)
	Interruptions due to V2X Sidelink Communication
	1
	2
	

	11
	Scheduling availability
(Section 12.9)
	Scheduling availability of UE switching between E-UTRA sidelink and NR sidelink
	1
	1
	


5 Summary
In this paper, we give an overview for RAN4 V2X RRM test cases.
Observation 1: Both re-evaluation and pre-emption are critical to support aperiodic higher-priority traffic in NR V2X.
Proposal 1: LTE V2X RRM test cases can be the baseline to define NR V2X RRM test case.
Proposal 2: Define test case with SCS=30kHz as baseline. 
Proposal 3: RAN4 shall focus on the RRM test cases related to UE baseline features as 1st priority.
Proposal 4: Define the test cases for GNSS and SyncRef UE as sync. source.
Proposal 5: Not to define the test cases for interruption to WAN.
Proposal 6: Not to define the test cases for interruption due to sync. source change.
Proposal 7: RAN4 shall discuss the way to control UE’s behavior once RAN4 decides to define the test case of UE switching between LTE SL and NR SL.
Proposal 8: RAN4 shall reuse the resource reselection with RSRP test case in LTE V2X to verify the RSRP accuracy at the same time.
Proposal 9: RAN4 shall discuss the feasibility to define the test cases related to re-evaluation and pre-emption and whether they can be merged into one test case.
Proposal 10:
	No
	Feature/requirements
	Type of Test
	No of tests
	Priority
	Company

	1
	UE Transmit Timing (Section 12.2)
	V2X UE Transmit Timing Accuracy Test for GNSS as timing reference
	1
	1
	

	2
	
	V2X UE Transmit Timing Accuracy Test for SyncRef UE as timing reference
	1
	1
	

	3
	
	V2X UE Transmit Timing Accuracy Test for gNB UE as timing reference
	1
	2
	

	4
	Initiation/Cease of SLSS (Section 12.3)
	Initiation/Cease of SLSS Transmission with V2X Sidelink Communication for SyncRef UE as timing reference
	1
	1
	

	5
	
	Initiation/Cease of SLSS Transmission with V2X Sidelink Communication for gNB as timing reference
	1
	2
	

	6
	Selection/Reselection of V2X Synchronization Reference (Section 12.4)
	V2X Synchronization Reference Selection / Reselection Test when GNSS is configured as the highest priority
	1
	1
	

	7
	
	V2X Synchronization Reference Selection / Reselection Test when gNB is configured as the highest priority
	1
	2
	

	8
	Autonomous Resource Selection/Reselection Measurements (Section 12.5)
	Autonomous Resource Selection/Reselection Test for PSSCH-RSRP measurements
	1
	1
	

	9
	
	Autonomous Resource Selection/Reselection Test for re-evaluation and pre-emption
	1
	1
	

	10
	Congestion Control measurements (Section 12.6)
	Congestion Control measurements test
	1
	1
	

	11
	Interruptions (Section 12.7)
	Interruptions due to V2X Sidelink Communication
	1
	2
	

	12
	Scheduling availability
(Section 12.9)
	Scheduling availability of UE switching between E-UTRA sidelink and NR sidelink
	1
	1
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