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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the RAN4-88b, SSB-based RLM tests are discussed. However, there are some remaining issues including
· SNR settings for Qout and Qin
· SNRs settings for SSB based RLM test cases
· Gradually change operating SNR value in SSB-based RLM test cases
· RX beam, AoA and SSB settings in SSB based RLM test cases
In the contribution, we discuss these issues and provide views. 
2	SNR setting for Qout and Qin 
According to the agreed simulation assumption [1], the updated simulation results are provided in Table 1.
[bookmark: _Ref528700474]Proposal 1:  The updated Qin and Qout are provided in the Table 1.
	Required SNR to achieve the target BLER (unit: dB)

	 
	Qout, 2x2
	Qout, 2x4
	Qin, 2x2
	Qin, 2x4

	Test 1, SSB SCS 15KHz, data SCS 15KHz
	-8.8
	-11.7
	-0.2
	-4.6

	Test 2, SSB SCS 30KHz, data SCS 30KHz
	-8.5
	-11.2
	-0.3
	-4.3

	Test 3, SSB SCS 120KHz, data SCS 120KHz
	-8.8
	-11.3
	0.2
	-3.8

	Test 4, SSB SCS 240KHz, data SCS 120KHz
	-8.7
	-11.3
	0.3
	-3.8


Table 1: Required SNR to achieve target BLER
3	Margin setting for Qout and Qin 
In RLM test cases, SNR settings are based on the Qout and Qin.
· SNR2 = Qout + margin_2
· SNR3 = Qout – margin_3
· SNR4 = Qin – margin_4
· SNR5 = Qin + margin_5
· SNR1 = SNR5
In RLM test cases, only fading channels are adopted. SSB SINR estimator has the larger span of estimation error in fading channels. Although more samples can be exploited when performing OOS evaluation, due to lower SNR, OOS evaluation performance is poorer than INS evaluation performance. Margin_2 and margin_3 shall be larger to avoid RLF false alarm/RLF missed probability.
[bookmark: _Ref528700481]Proposal 2: For FR1 and FR2, [3] dB are needed for margin_2 and margin_3 and [2.5] dB are needed for both margin_4 and margin_5.
4	Gradually change operating SNR value in SSB-based RLM test cases
In RAN4-88b, there is one discussion on leveraging the concept of ``gradually change operating SNR’’ form NB-IoT RLM test cases to NR RLM test cases. In Figure 1, the operating SNR gradually decreases from SSB occasion 1 to SSB occasion 5. Considering SSB SINR estimation PDF (the red curves in Figure1), UE may start to have the first SSB sample below Qout threshold at SSB occasion 2, SSB occasion 3 or SSB occasion 4. Because of this timing ambiguity, for the UE which uses more than 10 SSB samples to assess radio link quality, it is possible to pass the RLM OOS test. Therefore, to make sure that OOS RLM test can discriminate wrong UE implementation, we prefer not to reuse NB-IoT RLM test cases.

[image: ]
Figure 1: OOS tests cannot discriminate the UE implementation which uses more SSB samples from normal UE

[bookmark: _Ref528700486]Proposal 3: No gradual SNR change in NR RLM test cases.
5	RX beam, AoA and SSB settings in SSB based RLM test cases
In RAN4-88b, the value of N factor for evaluation period in FR2 was discussed but not concluded. If there is no best RX beam information from other procedures, due to N = 8, UE cannot quickly response the radio link failure. Moreover, we think the best RX beam information can be provided by beam management procedure. Therefore we prefer introduce N = 1 for all FR2 test cases.
[bookmark: _Ref528780064]Proposal 4: N = 1 for all FR2 test cases.
The number of AoA in RLM test cases was discussed but not decided. Single AoA for RLM tests is TE implementation friendly and we prefer AoA Setup#1 or AoA setup#2.
[bookmark: _Ref528700489]Proposal 5: Adopt AoA Setup#1 or AoA Setup#2 for RLM test cases.
Configuring multiple SSB based 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 2 and Figure 3 demonstrate OOS and INS RLM test case with 2 SSBs, respectively. For RLM RS 1, the SNR level is SNR3 after point A in OOS and INS RLM tests. 
· 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 2: OOS test with 2 RLM RSs
[image: ]
Figure 3: INS test with 2 RLM RSs
[bookmark: _Ref521613412][bookmark: _Ref528700503]Proposal 6: In some FR2 SSB-based RLM test cases, two RLM-RSs from the same AoA are configured as RLM RSs. And corresponding OOS and INS test cases are shown in Figure 2 and Figure3.
6	Summary
Based on the discussion in section 2, 3, 4 and 5, we have the following proposals:
Proposal 1:  The updated Qin and Qout are provided in the Table 1.
	Required SNR to achieve the target BLER (unit: dB)

	 
	Qout, 2x2
	Qout, 2x4
	Qin, 2x2
	Qin, 2x4

	Test 1, SSB SCS 15KHz, data SCS 15KHz
	-8.8
	-11.7
	-0.2
	-4.6

	Test 2, SSB SCS 30KHz, data SCS 30KHz
	-8.5
	-11.2
	-0.3
	-4.3

	Test 3, SSB SCS 120KHz, data SCS 120KHz
	-8.8
	-11.3
	0.2
	-3.8

	Test 4, SSB SCS 240KHz, data SCS 120KHz
	-8.7
	-11.3
	0.3
	-3.8


Table 2: Required SNR to achieve target BLER
Proposal 2: For FR1 and FR2, [3] dB are needed for margin_2 and margin_3 and [2.5] dB are needed for both margin_4 and margin_5.
Proposal 3: No gradual SNR change in NR RLM test cases.
Proposal 4: N = 1 for all FR2 test cases.
Proposal 5: Adopt AoA Setup#1 for RLM test cases.
Proposal 6: In some FR2 SSB-based RLM test cases, two RLM-RSs from the same AoA are configured as RLM RSs. And corresponding OOS and INS test cases are shown in Figure 2 and Figure3.
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Figure 4: OOS test with 2 RLM RSs
[image: ]
Figure 5: INS test with 2 RLM RSs
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