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1	Introduction
RAN4#97-e agreed with the way forward on NR-U RRM test cases [1], where RAN4 agreed to define several beam management related RRM test cases under CCA as follows. 
	Issue 3-3-10: Beam management
RAN4 to specify the following test cases: 
1. EN-DC Beam Failure Detection and Link Recovery Test for NR-U PSCell configured with SSB-based BFD and LR in non-DRX mode (E-UTRA FDD and TDD)
2. EN-DC Beam Failure Detection and Link Recovery Test for NR-U PSCell configured with SSB-based BFD and LR in DRX mode (E-UTRA FDD and TDD)
3. Beam Failure Detection and Link Recovery Test for NR-U PCell configured with SSB-based BFD and LR in non-DRX mode
4. Beam Failure Detection and Link Recovery Test for NR-U PCell configured with SSB-based BFD and LR in DRX mode
Issue 3-3-15: Intra Frequency measurement procedure
· RAN4 to define at least the following test cases for the measurement procedures requirements:
· L1-RSRP measurements on:
· NR-U SCC, with NR PCC (FR1)
· NR-U PCC
· NR-U SCC, with NR-U PCC
· NR-U PSCC, with E-UTRAN PCC (FDD,TDD)
· NR-U SCC measurements, with E-UTRAN PCC (FDD,TDD) and NR-U PSCC




We discuss the RRM test case design for beam management (link recovery and L1-RSRP reporting) under CCA. 
2	Discussion
2.1	Beam failure detection and link recovery
2.1.1	Test case list
RAN4#97-e agreed to define 4 BFD and Link recovery tests assuming EN-DC PSCell (Scenario B) and SA PCell (Scenario C). We therefore propose to define the corresponding test cases by reusing the Rel-15 link recovery test cases.
Proposal 1: Define the following BFD and LR test cases for NR-U:
A.10.3.4.1	EN-DC Beam Failure Detection and Link Recovery Test for FR1 PSCell configured with SSB-based BFD and LR in non-DRX mode
A.10.3.4.2	EN-DC Beam Failure Detection and Link Recovery Test for FR1 PSCell configured with SSB-based BFD and LR in DRX mode
A.11.4.4.1	Beam Failure Detection and Link Recovery Test for FR1 PCell configured with SSB-based BFD and LR in non-DRX mode
A.11.4.4.2	Beam Failure Detection and Link Recovery Test for FR1 PCell configured with SSB-based BFD and LR in DRX mode
2.1.2	Test points
According to TS38.133 8.5A, the evaluation period on BFD depends on the BFD-RS SSB Es/Iot as shown in Table 1. To test both conditions, we propose to define two tests (e.g., Test 1 and Test 2) for each scenario. 
[bookmark: _Ref61366962]Table 1	Evaluation period TEvaluate_BFD_SSB_CCA (TS38.133 Table 8.5A.2.2-1)
	Configuration
	TEvaluate_BFD_SSB_CCA (ms)  

	
	BFD-RS SSB Es/Iot Note2 ≥ -7 dB
	BFD-RS SSB Es/Iot Note2 < -7 dB

	no DRX
	Max(50, Ceil((10  P)  TSSB))
	Max(50, Ceil((12  P)  TSSB))

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5  8  P)  Max(TDRX,TSSB))
	Max(50, Ceil(1.5  10  P)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(7  P)  TDRX
	Ceil(8  P)  TDRX

	Note 1:	TSSB is the periodicity of SSB in the set . TDRX is the DRX cycle length.
Note 2:	BFD-RS SSB Es/Iot is the averaged BFD-RS SSB Es/Iot over the most recent previous evaluation period.



Proposal 2: Define the test cases with 1) BFD-RS SSB Es/Iot ≥ -7 dB and 2) BFD-RS SSB Es/Iot < -7 dB to verify the different evaluation period.
If we review the Rel-15 BFD and LR test cases (e.g., Table A.4.5.5.1.1-3), it is assumed UE indicates BFD when SSB Es/Iot changed from -3dB to -12dB, and it corresponds to the case SSB Es/Iot < -7dB. To define the test case with SSB Es/Iot ≥ -7dB, we propose to consider higher SSB Es/Iot test points, e.g. by changing SSB Es/Iot from -1dB in T2 to -7dB in T3/T4/T5. 
Proposal 3: For the case with BFD-RS SSB Es/Iot < -7 dB, set SSB Es/Iot = -3dB in T2 and set SSB Es/Iot = -12dB in T3/T4/T5, by reusing the test cases defined in Rel-15.
Proposal 4: For the case with BFD-RS SSB Es/Iot ≥ -7 dB, set SSB Es/Iot = [-1]dB in T2 and set SSB Es/Iot = [-7]dB in T3/T4/T5.
Rel-15 BFD and LR tests set different SNR test points for 2Rx UE and 4Rx UE. Considering the operating bands for NR-U (i.e., n46/n96), it is expected many UEs support 4Rx. We therefore propose to define the different SNR test points (lower SNR test point than 2Rx cases) for BFD and LR tests for 4Rx UEs.
Proposal 5: SNR test points for BFD and LR tests with CCA should be adjusted for UEs capable of 4Rx, i.e., set lower SNR test point than the tests for 2Rx UEs.
2.1.3	CCA model during BFD and LR tests
RAN4#97-e discussed the CCA model during the NR-U RRM tests. According to [2], we are proposing the SSB transmission in the discovery burst transmission is based on the probability PCCA_DL for DL CCA success rate and PCCA_UL for UL LBT success rate. Since the evaluation periods of BFD and LR in NR-U assume the case UE cannot measure SSB due to the DL CCA failure, we propose to set PCCA in the BFD and LR tests.
Proposal 6: BFD and LR tests specify the DL/UL CCA success rate given by PCCA_DL and PCCA_UL.
RAN4 agreed to define NR-U RRM test cases for LBE scenario (dynamic channel access) and FBE scenario (semi-static channel access). This can be modelled by means of PCCA. Since not all UEs support both LBE and FBE, we propose to set different PCCA depending on channel access mode in the test cases, and to define the applicability according to UE capability.
Proposal 7: BFD and LR tests set different PCCA according to the assumed channel access mode, i.e., LBE and FBE. Set higher DL CCA success rate (e.g. 0.75) for FBE and lower DL CCA success rate (e.g. 0.5) for LBE during the tests. 
Finally we propose not to assume UL CCA failure for BFD and LR tests because BFD and LR tests verify the evaluation period of SSB configured for BFD-RS and CBD-RS.
Proposal 8: Assume no UL CCA failure during the BFD and LR tests, that is, PCCA_UL=1.0.
2.2	L1-RSRP reporting
2.2.1	Test case list
RAN4#97-e agreed to define the L1-RSRP measurement procedure requirements with 5 scenarios: 1) EN-DC PSCell, 2) SA PCell, 3) SA SCell with NR PCell, 4) SA SCell with NR-U PCell, and 5) EN-DC SCell with LTE PCell and NR-U PSCell. We therefore propose to define the corresponding test cases.
Proposal 9: Define the following L1-RSRP measurement procedure test cases for NR-U:
A.9.3.3.1		SSB based L1-RSRP measurement when DRX is not used (SA SCell with NR PCell)
A.9.3.3.2		SSB based L1-RSRP measurement when DRX is used (SA SCell with NR PCell)
A.10.4.3.1	SSB based L1-RSRP measurement on PSCC when DRX is not used (EN-DC PSCell)
A.10.4.3.2	SSB based L1-RSRP measurement on PSCC when DRX is used (EN-DC PSCell)
A.10.4.3.3	SSB based L1-RSRP measurement on SCC when DRX is not used (EN-DC SCell with LTE PCell and NR-U PSCell)
A.10.4.3.4	SSB based L1-RSRP measurement on SCC when DRX is used (EN-DC SCell with LTE PCell and NR-U PSCell)
A.11.5.4.1	SSB based L1-RSRP measurement when DRX is not used (SA PCell)
A.11.5.4.2	SSB based L1-RSRP measurement when DRX is used (SA PCell)
A.11.5.4.3	SSB based L1-RSRP measurement on SCC when DRX is not used (SA SCell with NR-U PCell)
A.11.5.4.4	SSB based L1-RSRP measurement on SCC when DRX is used (SA SCell with NR-U PCell)

2.2.2	Reporting requirements
In the L1-RSRP measurement procedure test cases, UE is required to report the L1-RSRP within a certain time and to satisfy the absolute and relative measurement accuracy requirements. In NR-U, it is assumed UE cannot receive SSB every evaluation period due to the DL CCA failure, but we think UE should be able to satisfy the same measurement accuracy specified in Rel-15 with the same SNR test point because the measurement test is based on AWGN. 
Proposal 10: For L1-RSRP measurement procedure tests with CCA, reuse the same Es/Ioc as Rel-15 tests.
According to TS38.133 9.5A, L1-RSRP measurement period with CCA is extended considering DL CCA failure as shown in Table 2. 
[bookmark: _Ref61378883]Table 2	Evaluation period TL1-RSRP_Measurement_Period_SSB_CCA (TS38.133 Table [9.5A.4.1-1]).
	Configuration
	TL1-RSRP_Measurement_Period_SSB_CCA (ms) 

	non-DRX
	max(TReport, ceil((M+L1)*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*(M+L1)*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil((M+L1)*P)*TDRX

	Note 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	L1=0 if higher layer parameter timeRestrictionForChannelMeasurement is configured. Otherwise L1 is the number of SSBs not available at the UE during TL1-RSRP_Measurement_Period_SSB_CCA where L1 ≤ L1max.
Note 3:	L1max =7 for Max(TDRX,TSSB) ≤ 40ms assuming TDRX=0 for non-DRX,
L1max =5 for 40ms < Max(TDRX, TSSB) ≤ 320ms, 
L1max =3 for TDRX > 320ms.


If we review the latest L1-RSRP reporting procedure tests, for example, in A.4.6.3, the UE shall send L1-RSRP report every 80 slots (=40ms with TDD SCS=30kHz), and the UE shall meet the required L1-RSRP accuracy no later than 640ms plus 80 slots from the beginning of time period T2. Since it is set TReport =80slots (40ms with SCS=30kHz), and TSSB=20ms, the measurement period with non-DRX becomes 200ms even in the worst case (M=3, L1=7, P=1). We think UE has enough time for evaluation period even if DL CCA failure is considered. We therefore propose to keep the same reporting time requirements as Rel-15 L1-RSRP reporting procedure tests. 
For DRX case, Rel-15 L1-RSRP measurement procedure tests set DRX cycle to 40ms. In this case the measurement period becomes 600ms in the worst case (M=3, L1=7, max(TDRX,TSSB)=40ms, P=1). We think UE has enough time for evaluation period even if DL CCA failure is considered. We therefore propose to keep the same reporting time requirements as Rel-15 L1-RSRP reporting procedure tests.
Proposal 11: For NR-U L1-RSRP measurement procedure tests with DRX and non-DRX cases, RAN4 sets the same T1/T2 and reporting timing requirements as Rel-15 test, that is, 
· T1=5s, T2=1s. 
· TReport=80 slots (Periodic L1-RSRP reporting with PUCCH)
· The UE shall send L1-RSRP report every 80 slots. No later than 640ms plus 80 slots from the beginning of time period T2, UE shall send L1-RSRP report including results of both SSB0 and SSB1 while meeting the absolute accuracy requirement. 
2.2.3	CCA model during L1-RSRP measurement reporting tests
As we discussed in 2.2.2, L1-RSRP measurement period with CCA is extended considering DL CCA failure. We therefore propose to apply the CCA model as same as BFD and LR tests. Unlike BFD and LR tests which assumes DL CCA only, RAN4 may need consider UL CCA model to verify UE does not transmit the L1-RSRP reporting in the case of UL CCA failure.
Proposal 12: L1-RSRP measurement procedure tests specify the DL/UL CCA success rate given by PCCA_DL and PCCA_UL.
Proposal 13: L1-RSRP measurement procedure tests set PCCA_DL < 1 (e.g., 0.75). Set the common PCCA_DL applicable for both FBE and LBE. 
Proposal 14: RAN4 discuss whether L1-RSRP measurement procedure tests consider UL CCA failure or not during the tests. If not considered, set PCCA_UL=1.0 in the test cases.
3	Summary
Proposal 1: Define the following BFD and LR test cases for NR-U:
A.10.3.4.1	EN-DC Beam Failure Detection and Link Recovery Test for FR1 PSCell configured with SSB-based BFD and LR in non-DRX mode
A.10.3.4.2	EN-DC Beam Failure Detection and Link Recovery Test for FR1 PSCell configured with SSB-based BFD and LR in DRX mode
A.11.4.4.1	Beam Failure Detection and Link Recovery Test for FR1 PCell configured with SSB-based BFD and LR in non-DRX mode
A.11.4.4.2	Beam Failure Detection and Link Recovery Test for FR1 PCell configured with SSB-based BFD and LR in DRX mode
Proposal 2: Define the test cases with 1) BFD-RS SSB Es/Iot ≥ -7 dB and 2) BFD-RS SSB Es/Iot < -7 dB to verify the different evaluation period.
Proposal 3: For the case with BFD-RS SSB Es/Iot < -7 dB, set SSB Es/Iot = -3dB in T2 and set SSB Es/Iot = -12dB in T2/T2/T3, by reusing the test cases defined in Rel-15.
Proposal 4: For the case with BFD-RS SSB Es/Iot ≥ -7 dB, set SSB Es/Iot = [-1]dB in T2 and set SSB Es/Iot = [-7]dB in T2/T2/T3.
Proposal 5: SNR test points for BFD and LR tests with CCA should be adjusted for UEs capable of 4Rx, i.e., set SNR 3dB lower than the tests for 2Rx UEs.
Proposal 6: BFD and LR tests specify the DL/UL CCA success rate given by PCCA_DL and PCCA_UL.
Proposal 7: BFD and LR tests set different PCCA according to the assumed channel access mode, i.e., LBE and FBE. Set higher DL CCA success rate (e.g. 0.75) for FBE and lower DL CCA success rate (e.g. 0.5) for LBE during the tests. 
Proposal 8: Assume no UL CCA failure during the BFD and LR tests, that is, PCCA_UL=1.0.
Proposal 9: Define the following L1-RSRP measurement procedure test cases for NR-U:
A.9.3.3.1		SSB based L1-RSRP measurement when DRX is not used (SA SCell with NR PCell)
A.9.3.3.2		SSB based L1-RSRP measurement when DRX is used (SA SCell with NR PCell)
A.10.4.3.1	SSB based L1-RSRP measurement on PSCC when DRX is not used (EN-DC PSCell)
A.10.4.3.2	SSB based L1-RSRP measurement on PSCC when DRX is used (EN-DC PSCell)
A.10.4.3.3	SSB based L1-RSRP measurement on SCC when DRX is not used (EN-DC SCell with LTE PCell and NR-U PSCell)
A.10.4.3.4	SSB based L1-RSRP measurement on SCC when DRX is used (EN-DC SCell with LTE PCell and NR-U PSCell)
A.11.5.4.1	SSB based L1-RSRP measurement when DRX is not used (SA PCell)
A.11.5.4.2	SSB based L1-RSRP measurement when DRX is used (SA PCell)
A.11.5.4.3	SSB based L1-RSRP measurement on SCC when DRX is not used (SA SCell with NR-U PCell)
A.11.5.4.4	SSB based L1-RSRP measurement on SCC when DRX is used (SA SCell with NR-U PCell)
Proposal 10: For L1-RSRP measurement procedure tests with CCA, reuse the same Es/Ioc as Rel-15 tests.
Proposal 11: For NR-U L1-RSRP measurement procedure tests with DRX and non-DRX cases, RAN4 sets the same T1/T2 and reporting timing requirements as Rel-15 test, that is, 
· T1=5s, T2=1s. 
· TReport=80 slots (Periodic L1-RSRP reporting with PUCCH)
· The UE shall send L1-RSRP report every 80 slots. No later than 640ms plus 80 slots from the beginning of time period T2, UE shall send L1-RSRP report including results of both SSB0 and SSB1 while meeting the absolute accuracy requirement. 
Proposal 12: L1-RSRP measurement procedure tests specify the DL/UL CCA success rate given by PCCA_DL and PCCA_UL.
Proposal 13: L1-RSRP measurement procedure tests set PCCA_DL < 1 (e.g., 0.75). Set the common PCCA_DL applicable for both FBE and LBE. 
Proposal 14: RAN4 discuss whether L1-RSRP measurement procedure tests consider UL CCA failure or not during the tests. If not considered, set PCCA_UL=1.0 in the test cases.
[bookmark: _GoBack]The corresponding draft CR is provided as [3]
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