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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the RAN4-89, SSB-based RLM tests are discussed [1]. However, there are some remaining issues in FR2 including
· the number of RLM RS 
· RX beam sweeping
· Timer settings
In the contribution, we discuss these issues and provide views. 
2	 FR2 INS and OOS tests with 2 SSB based RLM RSs
Configuring 2 SSBs as RLM-RSs is beneficial and it can be used to test the following OOS and INS behaviours. To verify mentioned OOS and INS behaviours, Figured 1 and Figure 2 demonstrate OOS and INS RLM tests with 2 SSBs, respectively. The corresponding SNR level settings are highlighted in Table 1 and Table 2 as well.
· OOS: When the downlink radio link quality on all the configured RLM-RS resources is worse than Qout, Layer 1 of the UE shall send an out-of-sync indication for the cell to the higher layers.
· INS: When the downlink radio link quality on at least one of the configured RLM-RS resources is better than Qin, Layer 1 of the UE shall send an in-sync indication for the cell to the higher layers


[image: ]
Figure 1: Proposed FR2 OOS test case

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	ssb-Index 0 AoA Configuration 
	Config 1, 2
	
	TBD
	TBD

	ssb-Index 1 AoA Configuration
	Config 1, 2
	
	TBD
	TBD

	EPRE ratio of PDCCH DMRS to SSS
	dB
	4
	4

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	0
	0

	EPRE ratio of PBCH DMRS to SSS
	dB
	0
	0

	EPRE ratio of PBCH to PBCH DMRS
	dB
	
	

	EPRE ratio of PSS to SSS
	dB
	
	

	EPRE ratio of PDSCH DMRS to SSS 
	dB
	
	

	EPRE ratio of PDSCH to PDSCH DMRS
	dB
	
	

	EPRE ratio of OCNG DMRS to SSS
	dB
	
	

	EPRE ratio of OCNG to OCNG DMRS
	dB
	
	

	ssb-Index 0 SNR
	Config 1, 2
	dB
	1
	-7
	-15
	1
	-7
	-15

	ssb-Index 1 SNR
	Config 1, 2
	
	1
	-15
	-15
	1
	-15
	-15

	

	Config 1, 2
	dBm/15KHz
	-98
	-98

	Propagation condition
	
	TDL-A 30ns 75Hz
	TDL-A 30ns 75Hz

	Note 1:	OCNG shall be used such that the resources in Cell 2 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.
Note 2:	The signal contains PDCCH for UEs other than the device under test as part of OCNG.
Note 3:	SNR levels correspond to the signal to noise ratio over the SSS REs.
Note 4:	The SNR values are specified for testing a UE which supports 2RX on at least one band. For testing of a UE which supports 4RX on all bands, the SNR during T3 is A.3.6.


Table 1: Proposed OTA related parameters for FR2 OOS test case
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Figure 2: Proposed FR2 INS test case

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T4
	T5
	T1
	T2
	T3
	T4
	T5

	ssb-Index 0 AoA Configuration 
	Config 1, 2
	
	TBD
	TBD

	ssb-Index 1 AoA Configuration
	Config 1, 2
	
	TBD
	TBD

	EPRE ratio of PDCCH DMRS to SSS
	dB
	4
	4

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	0
	0

	EPRE ratio of PBCH DMRS to SSS
	dB
	0
	0

	EPRE ratio of PBCH to PBCH DMRS
	dB
	
	

	EPRE ratio of PSS to SSS
	dB
	
	

	EPRE ratio of PDSCH DMRS to SSS 
	dB
	
	

	EPRE ratio of PDSCH to PDSCH DMRS
	dB
	
	

	EPRE ratio of OCNG DMRS to SSS
	dB
	
	

	EPRE ratio of OCNG to OCNG DMRS
	dB
	
	

	ssb-Index 0 SNR
	Config 1, 2
	dB
	1
	-7
	-15
	-4.5
	1
	1
	-7
	-15
	-4.5
	1

	ssb-Index 1 SNR
	Config 1, 2
	
	1
	-15
	-15
	-15
	-15
	1
	-15
	-15
	-15
	-15

	

	Config 1, 2
	dBm/15KHz
	-98
	-98

	Propagation condition
	
	TDL-A 30ns 75Hz
	TDL-A 30ns 75Hz

	Note 1:	OCNG shall be used such that the resources in Cell 2 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.
Note 2:	The signal contains PDCCH for UEs other than the device under test as part of OCNG.
Note 3:	SNR levels correspond to the signal to noise ratio over the SSS REs.
Note 4:	The SNR values are specified for testing a UE which supports 2RX on at least one band. For testing of a UE which supports 4RX on all bands, the SNR during T3 is A.3.6.


Table 2: Proposed OTA related parameters for FR2 INS test case
[bookmark: _Ref990554]Proposal 1: For FR2 SSB-based RLM test cases, two RLM-RSs configured as RLM RSs. And the correspond SNR level settings are shown in Figure 1, Figure2, Table 1 and Table 2.
3	RX beam sweeping
In RAN4-89, the conditions of N = 1 were discussed but not finalized [2] [3]. For SSB based RLM, N=1 may not applicable. Therefore we prefer introduce N = 8 for all FR2 test cases.
[bookmark: _Ref528780064]Proposal 2: N = 8 for all FR2 RLM tests.
3.1	FR2 INS test
As shown in Table 3, longer evaluation period is expected due to N = 8. 
	Test case
	TEvaluate_out (ms)

	Test 1 in Table A.5.5.1.2.1-2/ Table A.7.5.1.2.1-2
	4800

	Test 2 in Table A.5.5.1.2.1-2/ Table A.7.5.1.2.1-2
	9600

	Test 1 in Table A.5.5.1.4.1-2/ Table A.7.5.1.4.1-2
	14400


Table 3: TEvaluate_out values in FR2 INS test cases
In INS tests, at least one OOS indicator shall occur during T3 and T3 value shall be no less than TEvaluate_out. However, for some legitimate UEs which send out OOS indication earlier, T310 may be expired during T3 and the undesired procedure, i.e. re-establishment procedure, may be triggered as well [4]. The one straight forward candidate solution is to choose the maximum T310 value. However, it doesn’t work because the maximum T310 value of 6000ms is still less than TEvaluate_out in Test 2 in A.5.5.1.2.1-2/ Table A.7.5.1.2.1-2 and Test 1 in Table A.5.5.1.4.1-2/ Table A.7.5.1.4.1-2. Likewise, T310 may be expired during D1 in Test 1 of Table A.5.5.1.2.1-2/ Table A.7.5.1.2.1-2. To solve this issue for these test cases, we prefer the following settings
· For Test 1 in Table A.5.5.1.2.1-2/ Table A.7.5.1.2.1-2,  
· SMTC periodicity is 160ms. SMTC is partially overlapped with RLM RS. (P = 8/7)  
· T310 is configured as 6000 ms
· TEvaluate_out = 1840ms. (T3, T4, T5, D1) = ([1860]ms, [20]ms, [2000]ms, [960]ms)
· For Test 2 in Table A.5.5.1.2.1-2/ Table A.7.5.1.2.1-2,  
· SMTC periodicity is 160ms. SMTC is fully overlapped with measurement gap. SMTC is partially overlapped with RLM RS (P = 2)  
· T310 is configured as 6000 ms
· TEvaluate_out = 3200ms. (T3, T4, T5, D1) = ([3220]ms, [20]ms, [2000]ms, [1640]ms)
· For Test 1 in Table A.5.5.1.4.1-2/ Table A.7.5.1.4.1-2, 
· SMTC periodicity is 160ms and SMTC is partially overlapped with RLM RS (P = 8/7)
· T310 is configured as 6000 ms
· TEvaluate_out = 5520ms. (T3, T4, T5, D1) = ([5540]ms, [20]ms, [2000]ms, [960]ms)
[bookmark: _Ref990561]Proposal 3: In FR2 INS tests, 
· SMTC periodicity is 160ms and SMTC is partially overlapped with RLM-RS occasions.
· T310 is configured as 6000ms
[bookmark: _Ref990564]Proposal 4: For FR2 INS Test 1 in non-DRX mode, (T3, T4, T5, D1) = ([1860]ms, [20]ms, [2000]ms, [960]ms).
[bookmark: _Ref990566]Proposal 5: For FR2 INS Test 2 in non-DRX mode, (T3, T4, T5, D1) = ([3220]ms, [20]ms, [2000]ms, [1640]ms).
[bookmark: _Ref990568]Proposal 6: For FR2 INS Test 1 in DRX mode, (T3, T4, T5, D1) = ([5540]ms, [20]ms, [2000]ms, [960]ms).
[image: ]
Figure 3: T310 is expired in INS test cases
3.2	FR2 OOS test
Currently DRX cycle is 640ms in FR2 OOS DRX test and its corresponding TEvaluate_out is up to 153.6 s. To shorten required testing time, we prefer 40 ms DRX cycle in FR2 OOS DRX test.
[bookmark: _Ref1035423]Proposal 7: For FR2 OOS DRX tests, DRX cycle is 40ms.
4	Summary
Based on the discussion in section 2, 3, 4 and 5, we have the following proposals:
Proposal 1: For FR2 SSB-based RLM test cases, two RLM-RSs configured as RLM RSs. And the correspond SNR level settings are shown in Figure 1, Figure2, Table 1 and Table 2.
Proposal 2: N = 8 for all FR2 RLM tests.
Proposal 3: In FR2 INS tests, 
•	SMTC periodicity is 160ms and SMTC is partially overlapped with RLM-RS occasions.
•	T310 is configured as 6000ms
Proposal 4: For FR2 INS Test 1 in non-DRX mode, (T3, T4, T5, D1) = ([1860]ms, [20]ms, [2000]ms, [960]ms).
Proposal 5: For FR2 INS Test 2 in non-DRX mode, (T3, T4, T5, D1) = ([3220]ms, [20]ms, [2000]ms, [1640]ms).
Proposal 6: For FR2 INS Test 1 in DRX mode, (T3, T4, T5, D1) = ([5540]ms, [20]ms, [2000]ms, [960]ms).
Proposal 7: For FR2 OOS DRX tests, DRX cycle is 40ms.
5	Reference 
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