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Introduction
RAN4 discussed how to define the test cases for RLM/BFD relaxation and achieved the agreements on the test case list for RLM/BFD relaxation. Based on the agreements in WF [1], we will provide the discussion on how to define RLM/BFD relaxation tests.
Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Test setup on relaxation criterion
In RAN4#103-e meeting, the following three options are considered for the relaxation criterion configuration in RLM/BFD relaxation tests.
· Option 1: only good serving cell quality criterion is configured 
· Option 2: both low mobility criterion and good serving cell quality criterion are configured 
· Option 4 (new): Test cases need to be for both combinations.
Good serving cell quality criterion is evaluated based on RLM/BFD measurements and low mobility criterion is evaluated based on L3 SSB measurements. For option 1, only SNR variation of RLM-RS needs to be simulated in the test. For option 2, both SNR variation of RLM-RS and RSRP variation of serving cell SSB need to be simulated in the test. For SSB based RLM relaxation test case, both SNR variation and RSRP variation for the same SSB resources need to be considered for satisfying both good serving cell quality criterion and low mobility criterion, which will make it difficult to set SNR level and RSRP level of the same SSBs for evaluating two relaxation criteria. Besides, good serving cell quality criterion could be more important for RLM/BFD relaxation evaluation since it is mandatory configured. Hence, we suggest to design the test cases when only good serving cell quality criterion is configured and fulfils.
Proposal 1: For RLM/BFD relaxation test, it is suggested that only good serving cell quality criterion is configured for all the test cases.
Test setting for RLM relaxation 
RAN4 agreed to reuse the test configuration of legacy RLM OOS test as reference. The test consists of three consecutive time periods, with time duration of T1, T2 and T3, respectively. For SNR setting, the values of SNR1 and SNR3 have been agreed to be same as the legacy RLM OOS test. However, how to set SNR2 needs further discussion.
The setting of SNR2 depends on the expected UE behaviour during T2. Two options of expected UE behaviour will be discussed in this section.
For option 1, the value of SNR2 is set to be lower than the threshold (Qin + XdB) but higher than the threshold Qout. UE is expected to exit relaxation mode during T2 due to not satisfying good serving cell quality criterion. The SNR variation for RLM relaxation test can be shown as Figure 1.
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Figure 1: SNR variation of RLM relaxation testing for option 1
UE shall send OOS indication based legacy RLM evaluation during T3. The length of D1 is calculated based on legacy RLM evaluation period.
For option 2, the value of SNR2 is set as same as SNR1 and UE is still in relaxation mode during T2. UE is expected to exit RLM relaxation mode during T3 due to OOS indication or not satisfying good serving cell quality criterion. The SNR variation for RLM relaxation test can be shown as Figure 2.
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Figure 1: SNR variation of RLM relaxation testing for option 2
UE is allowed to send OOS indication based relaxed RLM evaluation during T3. The length of D1 is calculated based on relaxed RLM evaluation period.
Proposal 2: For RLM relaxation test, the following two options are considered for SNR setting.
· Option 1: UE is expected to exit relaxation mode during T2
· SNR2 is set to be lower than the threshold (Qin + XdB) but higher than the threshold Qout.
· UE shall send OOS indication based legacy RLM evaluation during T3.
· The length of D1 is calculated based on legacy RLM evaluation period.
· Option 2: UE is expected to exit relaxation mode during T3
· SNR2 is set as same as SNR1 which is higher than the threshold (Qin + XdB).
· UE is allowed to send OOS indication based relaxed RLM evaluation during T3.
· The length of D1 is calculated based on relaxed RLM evaluation period.
The value of offset X can be set as 0dB. The values of SNR1 and SNR3 in relax RLM out-of-sync test can be set as SNR1 and SNR3 in legacy RLM in-sync test.  For option 1, the value of SINR4 in legacy RLM in-sync test can be used as SINR2 in relax RLM out-of-sync test. For option 2, the values of SINR1 in legacy RLM in-sync test can be used as SINR2 in relax RLM out-of-sync test.
Proposal 3: For RLM relaxation testing, the SNR values and D1 used for relaxed RLM out-of-sync tests are suggested as follows:
· Option 1: 
	Test
	SINR values of RLM-RS
	D1 value

	
	SINR1
	SINR2
	SINR3
	

	Relax RLM out-of-sync
	FR1
	1dB
	-4.5dB
	-15dB
	TEvaluate_out_Legacy  + 40 ms

	
	FR2
	2dB
	-4.5dB
	-15dB
	TEvaluate_out_Legacy  + 40 ms


· Option 2: 
	Test
	SINR values of RLM-RS
	D1 value

	
	SINR1
	SINR2
	SINR3
	

	Relax RLM out-of-sync
	FR1
	1dB
	1dB
	-15dB
	TEvaluate_out_Relax  + 40 ms

	
	FR2
	2dB
	2dB
	-15dB
	TEvaluate_out_Relax  + 40 ms



Test setting for BFD relaxation
For BFD relaxation testing, whether to include link recovery was discussed in RAN4. When UE detects beam failure indication based on BFD measurements, the UE needs to select new beam based CBD measurements for link recovery. If link recovery is not included for BFD testing, then the beam failure could not be reflected in the test.
Proposal 4: For BFD relaxation test, the link recovery procedure should be included for BFD relaxation testing.
For SNR setting, similar as RLM relaxation test, there are two options for defining BFD relaxation test. 
For option 1, the value of SNR2 is set to be lower than the threshold (Qin + XdB) but higher than the threshold Qout_LR. UE is expected to exit relaxation mode during T2 due to not satisfying good serving cell quality criterion. The SNR variation for BFD relaxation test can be shown as Figure 3.
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Figure 3: SNR variation of BFD relaxation testing for option 1
During T3, UE shall detect beam failure instance based legacy BFD evaluation and trigger preamble transmission based on CBD measurements. The length of D1 is calculated based on legacy BFD evaluation period and legacy CBD evaluation period.
For option 2, the value of SNR2 is set as same as SNR1 and UE is still in relaxation mode during T2. UE is expected to exit relaxation mode during T3 due to beam failure instance or not satisfying good serving cell quality criterion. The SNR variation for BFD relaxation test can be shown as Figure 4.
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Figure 4: SNR variation of BFD relaxation testing for option 2
During T3, UE is allowed to detect beam failure instance based relaxed BFD evaluation and. The length of D1 is calculated based on relaxed BFD evaluation period and legacy CBD evaluation period.
Proposal 5: For BFD relaxation test, the following two options are considered for SNR setting.
· Option 1: UE is expected to exit relaxation mode during T2
· SNR2 is set to be lower than the threshold (Qin + XdB) but higher than the threshold Qout_LR.
· UE shall detect beam failure instance based legacy BFD evaluation during T3.
· The length of D1 is calculated based on legacy BFD evaluation period and legacy CBD evaluation period.
· Option 2: UE is expected to exit relaxation mode during T3
· SNR2 is set as same as SNR1 which is higher than the threshold (Qin + XdB).
· UE is allowed to detect beam failure instance based relaxed BFD evaluation during T3.
· The length of D1 is calculated based on relaxed BFD evaluation period and legacy CBD evaluation period.
For option 1, the value of offset X can be set as 4dB in order to provide enough margin. The values of SNR1 and SNR3 in BFD relaxation test can be set as SNR1 and SNR3 in legacy link recovery test. The value of SNR2 in BFD relaxation test can be derived from SNR2 in RLM relaxation test by increasing 4dB.
For option 2, the value of offset X can be set as 0dB. The values of SNR1 and SNR3 in BFD relaxation test can be set as SNR1 and SNR3 in legacy link recovery test. The value of SNR2 is set as same as SNR1.
Proposal 6: For BFD relaxation testing, the SNR values and D1 used for relaxed BFD tests are suggested as follows:
· Option 1: 
	Test
	SINR values of BFD-RS
	D1 value

	
	SINR1
	SINR2
	SINR3
	

	Relax BFD testing
	FR1
	5dB
	-0.5dB
	-12dB
	TEvaluate_BFD_Legacy  + TEvaluate_CBD_Legacy  + 40 ms

	
	FR2
	6dB
	-0.5dB
	-12dB
	TEvaluate_BFD_Legacy  + TEvaluate_CBD_Legacy  + 40 ms


· Option 2: 
	Test
	SINR values of BFD-RS
	D1 value

	
	SINR1
	SINR2
	SINR3
	

	Relax BFD testing
	FR1
	5dB
	5dB
	-12dB
	TEvaluate_BFD_Relax  + TEvaluate_CBD_Legacy  + 40 ms

	
	FR2
	6dB
	6dB
	-12dB
	TEvaluate_BFD_Relax  + TEvaluate_CBD_Legacy  + 40 ms




Conclusions
This contribution provides the discussion on test setup for RLM/BFD relaxation. The followings are provided:
[bookmark: OLE_LINK168][bookmark: OLE_LINK176]Proposal 1: For RLM/BFD relaxation test, it is suggested that only good serving cell quality criterion is configured for all the test cases.
Proposal 2: For RLM relaxation test, the following two options are considered for SNR setting.
· Option 1: UE is expected to exit relaxation mode during T2
· SNR2 is set to be lower than the threshold (Qin + XdB) but higher than the threshold Qout.
· UE shall send OOS indication based legacy RLM evaluation during T3.
· The length of D1 is calculated based on legacy RLM evaluation period.
· Option 2: UE is expected to exit relaxation mode during T3
· SNR2 is set as same as SNR1 which is higher than the threshold (Qin + XdB).
· UE is allowed to send OOS indication based relaxed RLM evaluation during T3.
· The length of D1 is calculated based on relaxed RLM evaluation period.
Proposal 3: For RLM relaxation testing, the SNR values and D1 used for relaxed RLM out-of-sync tests are suggested as follows:
· Option 1: 
	Test
	SINR values of RLM-RS
	D1 value

	
	SINR1
	SINR2
	SINR3
	

	Relax RLM out-of-sync
	FR1
	1dB
	-4.5dB
	-15dB
	TEvaluate_out_Legacy  + 40 ms

	
	FR2
	2dB
	-4.5dB
	-15dB
	TEvaluate_out_Legacy  + 40 ms


· Option 2: 
	Test
	SINR values of RLM-RS
	D1 value

	
	SINR1
	SINR2
	SINR3
	

	Relax RLM out-of-sync
	FR1
	1dB
	1dB
	-15dB
	TEvaluate_out_Relax  + 40 ms

	
	FR2
	2dB
	2dB
	-15dB
	TEvaluate_out_Relax  + 40 ms


Proposal 4: For BFD relaxation test, the link recovery procedure should be included for BFD relaxation testing.
Proposal 5: For BFD relaxation test, the following two options are considered for SNR setting.
· Option 1: UE is expected to exit relaxation mode during T2
· SNR2 is set to be lower than the threshold (Qin + XdB) but higher than the threshold Qout_LR.
· UE shall detect beam failure instance based legacy BFD evaluation during T3.
· The length of D1 is calculated based on legacy BFD evaluation period and legacy CBD evaluation period.
· Option 2: UE is expected to exit relaxation mode during T3
· SNR2 is set as same as SNR1 which is higher than the threshold (Qin + XdB).
· UE is allowed to detect beam failure instance based relaxed BFD evaluation during T3.
· The length of D1 is calculated based on relaxed BFD evaluation period and legacy CBD evaluation period.
Proposal 6: For BFD relaxation testing, the SNR values and D1 used for relaxed BFD tests are suggested as follows:
· Option 1: 
	Test
	SINR values of BFD-RS
	D1 value

	
	SINR1
	SINR2
	SINR3
	

	Relax BFD testing
	FR1
	5dB
	-0.5dB
	-12dB
	TEvaluate_BFD_Legacy  + TEvaluate_CBD_Legacy  + 40 ms

	
	FR2
	6dB
	-0.5dB
	-12dB
	TEvaluate_BFD_Legacy  + TEvaluate_CBD_Legacy  + 40 ms


· Option 2: 
	Test
	SINR values of BFD-RS
	D1 value

	
	SINR1
	SINR2
	SINR3
	

	Relax BFD testing
	FR1
	5dB
	5dB
	-12dB
	TEvaluate_BFD_Relax  + TEvaluate_CBD_Legacy  + 40 ms

	
	FR2
	6dB
	6dB
	-12dB
	TEvaluate_BFD_Relax  + TEvaluate_CBD_Legacy  + 40 ms
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