


[bookmark: _Hlk37257723][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting # 97-e                	R4-2015390
[bookmark: _Hlk37257740]Electronic Meeting, 02 – 13 November, 2020

Source:	Nokia, Nokia Shanghai Bell 
Title:	On NR-U RRM performance test cases 
Agenda item:	7.1.7.2
Document for:	Discussion
Introduction
In the NR-U work item description, the following objectives are listed:
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Specify the following requirements [RAN4]
· Base station demodulation performance requirements
· UE demodulation performance requirements
· Radio Resource Management performance requirements, including RRM/RLM test cases
· Base station conformance testing



Considering that the RAN4 RRM Core requirements were considered completed in RAN4 96e, in this paper the clauses that were changed in NR-U core requirements are presented, and the test cases that would be needed to test the RRM requirements are evaluated.
[bookmark: _Ref31793955]Specification structure
Regarding the specification structure, RAN4 has agreed in [4], to create new clauses for CCA variants of requirements, which were placed right below the original requirements clauses, with the addition of the suffix A in the clause number. For example, the NR requirements for cell selection are in clause 4.2, while the cell selection requirements for NR-U are placed in clause 4.2A. 
It is our view that a similar approach could be taken into the RRM performance tests in Annex A. As an example, the cell re-selection to NR in FR1 requirements are captured in clause A.6.1.1.1, and could be captured in clause A.6A.1.1.1 for NR-U. 
The NR-U core requirements that were different from NR core requirements were captured in a new clause, added immediately bellow the respective NR core requirements, with the same clause number, with the addition of the prefix A. 
Adopt in NR-U RRM test cases, the same specification structure as in the NR-U Core requirements: include the NR-U RRM test cases immediately below the corresponding NR RRM test cases and add the suffix A to the clause number.
Differentiation between LBE and FBE test cases
In [3] it was agreed that there would be no differentiation between load based equipment (LBE) and frame based equipment (FBE) in the core requirements, but the different aspects of each access method would be captured in the test cases.
	RAN4 96 e
Agreements
•	No differentiation between UE in FBE and LBE modes in NR-U RRM Core requirements.
•	Different test case will be defined for UE in FBE and LBE modes in NR-U RRM Performance requirements.



Designing tests-cases for FBE and LBE might double the number of test cases for UEs that support both channel access modes. We believe this is not necessary and that in general we could split the test cases.
RAN4 has agreed to define different test cases when LBE or FBE are used. However, for a UE supporting both operation modes, the number of required test cases would be doubled. 
RAN4 to design different test cases covering LBE and FBE channel access. 
To minimize the number of test cases to be performed by UEs that support both LBE and FBE, for each requirement, the test equipment should select with equal probability the mode to be used in this test cases (FBE or LBE).
Test cases needed in TS 38.133
[bookmark: _Hlk52971057][bookmark: _Hlk31794208][bookmark: _Hlk46919292]In document [2], the outline specification structures for TS 38.133 and TS 36.133 were agreed. In general, the core requirements were modified to account for LBT failure during the procedures. 
Core requirements were modified to take into account LBT failure during procedures.
Additionally, new core requirements were created, such as: UL BWP switch due to consistent UL CCA failure and RSSI / CO measurement requirements.
RAN4 to define test cases for all core requirements that were changed or created during the NR-U RRM core work.
A summary of the clauses with changed NR-U core requirements, in comparison to NR core requirements in TS 38.133 are given below, as well as our view on the necessary test cases:
Table 1 – Test cases needed to cover the core requirements introduced for NR-U in TS 38.133
	Clauses with affected core requirements
	Needed test cases and comments
	Corresponding NR tests

	
	
	EN-DC
	SA

	4.2A
	Cell Re-selection when subject to CCA 
	· Cell reselection to intra-frequency NR with CCA
· Cell reselection to inter-frequency NR with CCA
·  LBE and FBE
	
	A.6.1.1.1
A.6.1.1.2

	6.1B
	Handover when CCA is used 
	· Intra-frequency handover to NR when target cell is subject to CCA
· Inter-frequency handover to NR when target cell is subject to CCA
· Known and unknown target cells
· LBE and FBE
	
	A.6.3.1.1
A.6.3.1.2
A.6.3.1.3

	6.2.1A
	RRC Re-restablishment with CCA
	· Intra-frequency RRC Re-establishment when subject to CCA, 
· Inter-frequency RRC Re-establishment when subjet to CCA
· with and without serving cell timing 
· LBE and FBE
	
	A.6.3.2.1.1
A.6.3.2.1.2
A.6.3.2.1.3


	6.2.2A
	Random access
	· Depends on RAN4 decision on the random access requirements. In our view, we need the test cases because of the possibility of UL CCA failure for sending the PRACH preamble in 4-step RA type, or for sending msgA in 2-step RA type.
	A.4.3.2.2.1
A.4.3.2.2.2
A.4.3.2.2.3 [6]
A.4.3.2.2.4 [6]

	A.6.3.2.2.1
A.6.3.2.2.2
A.6.3.2.2.3 [6]
A.6.3.2.2.4 [6]


	6.2.3A
	RRC connection release with redirection with CCA
	· RRC connection release with redirection with CCA
· LBE and FBE 
	
	A.6.3.2.3.1
A.6.3.2.3.2

	7.1.2
	UE transmit timing
	· NR UE transmit timing 
· PCell, SCell and PSCell as reference timing cell
· LBE and FBE
	A.4.4.1.1
	A.6.4.1.1

	8.1A
	Radio Link Monitoring with CCA on target frequency
	· RLM Out-of-sync with CCA with side conditions (≥-7 dB and <-7 dB) 
· RLM In-sync with CCA 
· Only for SSB-based RLM 
· PSCell and PCell
· DRX and non-DRX modes
· LBE and FBE
	A.4.5.1.1
A.4.5.1.2
A.4.5.1.3
A.4.5.1.4
	A.6.5.1.1
A.6.5.1.2
A.6.5.1.3
A.6.5.1.4

	8.3A
	SCell activation and deactivation delay in carriers with CCA
	· SCell activation and deactivation in carriers with CCA
· Known case and unknown 
· 160 ms and 320 ms SCell measurement cycle
· DRX and non-DRX
· LBE and FBE
	A.4.5.3.1
A.4.5.3.2 
A.4.5.3.3

	A.6.5.3.1
A.6.5.3.2 
A.6.5.3.3


	8.5A
	Link Recovery procedures when CCA is used on target frequency
	· SSB-based Beam failure detection recovery test 
· PCell and PSCell
· DRX and non-DRX mode 
· LBE and FBE
	A.4.5.5.1
A.4.5.5.2
	A.6.5.5.1
A.6.5.5.2

	8.6.4
	BWP switch delay on Consistent UL LBT recovery 
	· Consistent UL LBT failure based Active BWP switch
· PCell and PSCell 
· Delay and interruption
· LBE and FBE
	No corresponding clauses. The consistent UL LBT failure based active BWP switch exists only in NR-U

	8.10A
	Active TCI State switching delay when CCA is used on target frequency
	· Active TCI state switch
· MAC CE and RRC
· Known TCI State
	Currently, there is no corresponding NR test case in FR1 

	9.2A
	Intra-frequency measurements
	· Event triggered intra-frequency measurement
· With and without measurement gap 
· DRX and non-DRX
· With and without SSB index reading
· LBE and FBE 
· RSSI & Channel Occupancy – no need for testing LBT
	A.4.6.1.1
A.4.6.1.2
A.4.6.1.3
A.4.6.1.4
A.4.6.1.5
A.4.6.1.6
RSSI & CO have no corresponding tests
	A.6.6.1.1
A.6.6.1.2
A.6.6.1.3
A.6.6.1.4
A.6.6.1.5
A.6.6.1.6
RSSI & CO have no corresponding tests

	9.3A
	Inter-frequency measurements
	· Event triggered inter-frequency measurement
· With and without measurement gap 
· DRX and non-DRX
· With and without SSB index reading
· LBE and FBE
· RSSI & Channel Occupancy
	A.4.6.2.1
A.4.6.2.2
A.4.6.2.3
A.4.6.2.4
A.4.6.2.5
A.4.6.2.6
RSSI & CO have no corresponding tests
	A.6.6.2.1
A.6.6.2.2
A.6.6.2.3
A.6.6.2.4
A.6.6.2.5
A.6.6.2.6
RSSI & CO have no corresponding tests

	9.5.4A
	L1-RSRP measurement requirements
	· SSB based L1-RSRP measurement
· DRX and non-DRX
· LBE and FBE
	A.4.6.4.1
A.4.6.4.2
	A.6.6.4.1
A.6.6.4.2



RAN4 to consider the tests defined in Table 1 as a baseline for the NR-U RRM test cases definition in Rel-16.
In addition to the measurement procedures, for intra-frequency, inter-frequency and L1-RSRP measurements, RAN4 should also consider the measurement performance requirements tests. RAN4 has agreed the following in [5]:
	RAN4 93
Agreements
· Measurement Accuracy for RSRP/RSRQ/SINR/L1-RSRP
· Rel-15 measurement accuracy requirements apply 
· How to address the applicability in the specification should consider the outcome of the email discussion




 However, the details of how to capture this in the specification are not finalized in RAN4. Therefore:
RAN4 to discuss the needed test cases for measurement performance requirements after detailing how to capture the performance requirements in the specification. 

Test cases needed in TS 36.133
In document [2], the outline specification structures for TS 38.133 and TS 36.133 were agreed. In general, the core requirements were modified to account for LBT failure during the procedures.
A summary of the clauses with new NR-U core requirements, in comparison to NR core requirements in TS 36.133 are given below, as well as our view on the necessary test cases:

Table 2 – Test cases needed to cover the core requirements introduced for NR-U in TS 36.133

	Clauses with affected core requirements
	Needed test cases and comments
	Corresponding NR Test cases:

	4.2.2.5.7
	Cell re-selection measurements of NR cells subject to CCA
	· Cell reselection
· LBE and FBE
	A.8.2.1.1

	5.3.4A
	E-UTRAN - NR FR1 Handover to target cell using CCA
	· Inter-RAT handover to NR when target cell is subject to CCA
· LBE and FBE

	A.8.3.1.1

	6.3.2.5
	RRC connection release with redirection to NR carrier subject to CCA
	· Should be tested
	· There is no corresponding NR test case.

	7.31A
	Addition and Release Delay of NR PSCell Operating with CCA for E-UTRA - NR Dual Connectivity
	· RRC connection release with redirection
· LBE and FBE

	A.4.5.7.1

	8.1.2.4.21A 


8.1.2.4.22A

	E-UTRAN FDD – NR measurements when CCA is used

E-UTRAN TDD – NR measurements when CCA is used

	· NR Inter-RAT event triggered reporting tests with CCA
· With/without SSB time index detection
· DRX and non-DRX
· LBE and FBE
· RSSI measurements
· Channel Occupancy measurements
· Corresponding NR test cases: 

	A.8.4.2.1, 
A.8.4.2.2, 
A.8.4.2.3, 
A.8.4.2.4 

	8.1.2.4.25.2a
	SFTD Measurement delay with CCA on target frequency
	· E-UTRA – NR Inter-RAT SFTD Measurement Delay with CCA
· DRX and non-DRX
· LBE and FBE
· Corresponding NR test cases: & 
	A.8.4.1.1

	8.17.2.2.a
	SFTD Measurement requirements with CCA on target frequency
	· 
	A.8.4.1.2

	8.17.4A
	E-UTRA Inter-RAT NR Measurements when CCA is used when Configured with E-UTRA-NR Dual Connectivity Operation
	· The requirements are tested in clause 8.1.2.4.21 – 22, we can take the same approach in NR-U.

	No corresponding NR test case




RAN4 to consider the tests for 36.133 defined in Table 2 as a baseline for the NR-U RRM test cases definition in Rel-16.

Conclusion

1. The NR-U core requirements that were different from NR core requirements were captured in a new clause, added immediately bellow the respective NR core requirements, with the same clause number, with the addition of the prefix A. 
1. Adopt in NR-U RRM test cases, the same specification structure as in the NR-U Core requirements: include the NR-U RRM test cases immediately below the corresponding NR RRM test cases and add the suffix A to the clause number.
RAN4 has agreed to define different test cases when LBE or FBE are used. However, for a UE supporting both operation modes, the number of required test cases would be doubled. 
RAN4 to design different test cases covering LBE and FBE channel access. 
To minimize the number of test cases to be performed by UEs that support both LBE and FBE, for each requirement, the test equipment should select with equal probability the mode to be used in this test cases (FBE or LBE).
Core requirements were modified to take into account LBT failure during procedures.
Additionally, new core requirements were created, such as: UL BWP switch due to consistent UL CCA failure and RSSI / CO measurement requirements.
RAN4 to define test cases for all core requirements that were changed or created during the NR-U RRM core work.
RAN4 to consider the tests defined in Table 1 as a baseline for the NR-U RRM test cases definition in Rel-16.
Table 1 – Test cases needed to cover the core requirements introduced for NR-U in TS 38.133
	Clauses with affected core requirements
	Comments
	Corresponding NR tests

	
	
	EN-DC
	SA

	4.2A
	Cell Re-selection when subject to CCA 
	· Cell reselection to intra-frequency NR with CCA
· Cell reselection to inter-frequency NR with CCA
·  LBE and FBE
	
	A.6.1.1.1
A.6.1.1.2

	6.1B
	Handover when CCA is used 
	· Intra-frequency handover to NR when target cell is subject to CCA
· Inter-frequency handover to NR when target cell is subject to CCA
· Known and unknown target cells
· LBE and FBE
	
	A.6.3.1.1
A.6.3.1.2
A.6.3.1.3

	6.2.1A
	RRC Re-restablishment with CCA
	· Intra-frequency RRC Re-establishment when subject to CCA, 
· Inter-frequency RRC Re-establishment when subjet to CCA
· with and without serving cell timing 
· LBE and FBE
	
	A.6.3.2.1.1
A.6.3.2.1.2
A.6.3.2.1.3


	6.2.2A
	Random access
	· Depends on RAN4 decision on the random access requirements. In our view, we need the test cases because of the possibility of UL CCA failure for sending the PRACH preamble in 4-step RA type, or for sending msgA in 2-step RA type.
	A.4.3.2.2.1
A.4.3.2.2.2
A.4.3.2.2.3 [6]
A.4.3.2.2.4 [6]

	A.6.3.2.2.1
A.6.3.2.2.2
A.6.3.2.2.3 [6]
A.6.3.2.2.4 [6]


	6.2.3A
	RRC connection release with redirection with CCA
	· RRC connection release with redirection with CCA
· LBE and FBE 
	
	A.6.3.2.3.1
A.6.3.2.3.2

	7.1.2
	UE transmit timing
	· NR UE transmit timing 
· PCell, SCell and PSCell as reference timing cell
· LBE and FBE
	A.4.4.1.1
	A.6.4.1.1

	8.1A
	Radio Link Monitoring with CCA on target frequency
	· RLM Out-of-sync with CCA with side conditions (≥-7 dB and <-7 dB) 
· RLM In-sync with CCA 
· Only for SSB-based RLM 
· PSCell and PCell
· DRX and non-DRX modes
· LBE and FBE
	A.4.5.1.1
A.4.5.1.2
A.4.5.1.3
A.4.5.1.4
	A.6.5.1.1
A.6.5.1.2
A.6.5.1.3
A.6.5.1.4

	8.3A
	SCell activation and deactivation delay in carriers with CCA
	· SCell activation and deactivation in carriers with CCA
· Known case and unknown 
· 160 ms and 320 ms SCell measurement cycle
· DRX and non-DRX
· LBE and FBE
	A.4.5.3.1
A.4.5.3.2 
A.4.5.3.3

	A.6.5.3.1
A.6.5.3.2 
A.6.5.3.3


	8.5A
	Link Recovery procedures when CCA is used on target frequency
	· SSB-based Beam failure detection recovery test 
· PCell and PSCell
· DRX and non-DRX mode 
· LBE and FBE
	A.4.5.5.1
A.4.5.5.2
	A.6.5.5.1
A.6.5.5.2

	8.6.4
	BWP switch delay on Consistent UL LBT recovery 
	· Consistent UL LBT failure based Active BWP switch
· PCell and PSCell 
· Delay and interruption
· LBE and FBE
	No corresponding clauses. The consistent UL LBT failure based active BWP switch exists only in NR-U

	8.10A
	Active TCI State switching delay when CCA is used on target frequency
	· Active TCI state switch
· MAC CE and RRC
· Known TCI State
	Currently, there is no corresponding NR test case in FR1 

	9.2A
	Intra-frequency measurements
	· Event triggered intra-frequency measurement
· With and without measurement gap 
· DRX and non-DRX
· With and without SSB index reading
· LBE and FBE 
· RSSI & Channel Occupancy – no need for testing LBT
	A.4.6.1.1
A.4.6.1.2
A.4.6.1.3
A.4.6.1.4
A.4.6.1.5
A.4.6.1.6
RSSI & CO have no corresponding tests
	A.6.6.1.1
A.6.6.1.2
A.6.6.1.3
A.6.6.1.4
A.6.6.1.5
A.6.6.1.6
RSSI & CO have no corresponding tests

	9.3A
	Inter-frequency measurements
	· Event triggered inter-frequency measurement
· With and without measurement gap 
· DRX and non-DRX
· With and without SSB index reading
· LBE and FBE
· RSSI & Channel Occupancy
	A.4.6.2.1
A.4.6.2.2
A.4.6.2.3
A.4.6.2.4
A.4.6.2.5
A.4.6.2.6
RSSI & CO have no corresponding tests
	A.6.6.2.1
A.6.6.2.2
A.6.6.2.3
A.6.6.2.4
A.6.6.2.5
A.6.6.2.6
RSSI & CO have no corresponding tests

	9.5.4A
	L1-RSRP measurement requirements
	· SSB based L1-RSRP measurement
· DRX and non-DRX
· LBE and FBE
	A.4.6.4.1
A.4.6.4.2
	A.6.6.4.1
A.6.6.4.2



RAN4 to discuss the needed test cases for measurement performance requirements after detailing how to capture the performance requirements in the specification. 
RAN4 to consider the tests for 36.133 defined in Table 2 as a baseline for the NR-U RRM test cases definition in Rel-16.
Table 2 – Test cases needed to cover the core requirements introduced for NR-U in TS 36.133

	Clauses with affected core requirements
	Needed test cases and comments
	Corresponding NR Test cases:

	4.2.2.5.7
	Cell re-selection measurements of NR cells subject to CCA
	· Cell reselection
· LBE and FBE
	A.8.2.1.1

	5.3.4A
	E-UTRAN - NR FR1 Handover to target cell using CCA
	· Inter-RAT handover to NR when target cell is subject to CCA
· LBE and FBE

	A.8.3.1.1

	6.3.2.5
	RRC connection release with redirection to NR carrier subject to CCA
	· Should be tested
	· There is no corresponding NR test case.

	7.31A
	Addition and Release Delay of NR PSCell Operating with CCA for E-UTRA - NR Dual Connectivity
	· RRC connection release with redirection
· LBE and FBE

	A.4.5.7.1

	8.1.2.4.21A 


8.1.2.4.22A

	E-UTRAN FDD – NR measurements when CCA is used

E-UTRAN TDD – NR measurements when CCA is used

	· NR Inter-RAT event triggered reporting tests with CCA
· With/without SSB time index detection
· DRX and non-DRX
· LBE and FBE
· RSSI measurements
· Channel Occupancy measurements
· Corresponding NR test cases: 

	A.8.4.2.1, 
A.8.4.2.2, 
A.8.4.2.3, 
A.8.4.2.4 

	8.1.2.4.25.2a
	SFTD Measurement delay with CCA on target frequency
	· E-UTRA – NR Inter-RAT SFTD Measurement Delay with CCA
· DRX and non-DRX
· LBE and FBE
· Corresponding NR test cases: & 
	A.8.4.1.1

	8.17.2.2.a
	SFTD Measurement requirements with CCA on target frequency
	· 
	A.8.4.1.2

	8.17.4A
	E-UTRA Inter-RAT NR Measurements when CCA is used when Configured with E-UTRA-NR Dual Connectivity Operation
	· The requirements are tested in clause 8.1.2.4.21 – 22, we can take the same approach in NR-U.

	No corresponding NR test case
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