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1. Introduction
In RAN4#102-e meeting, the core part discussion for RLM/BFD relaxation had been finished, the initial RRM performance requirements discussion was triggered, a way forward was agreed in [1]. In this contribution, we further discuss the test cases design according to the conclusion of RLM/BFD relaxation methodology and core part requirements.
2. Discussion
Issue 3-1: Performance requirements
· No RRM requirement for R17 idle mode UE power saving enhancement.
· FFS No additional accuracy requirement for serving cell quality criterion
· FFS No need to define radio link monitoring in-sync test cases for RLM/BFD measurement relaxation
As information, we copy the SNR variation of Out-of-sync testing and In-sync testing as follows:
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Figure 1: SNR variation for out-of-sync testing
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Figure 2: SNR variation for in-sync testing


We don’t see strong test motivation of in-sync testing. During T3, T4 and T5 in in-sync testing, UE will not perform both entering relaxation behavior and exiting relaxation behavior. The in-sync behavior can be verified by legacy in-sync testing, and the entering relaxation and exiting relaxation behavior of UE will be triggered and can be verified during T1, T2 and T3, which are also included in out-of-sync testing. Therefore, we think out-of-sync testing for RLM relaxation should be defined, while in-sync test cases for RLM measurement relaxation are not particularly necessary.
Proposal 1: Out-of-sync testing for RLM relaxation should be defined, while in-sync test cases for RLM measurement relaxation are not particularly necessary. 
Similarly, regarding of the test cases for Beam failure detection and Link recovery procedure which are illustrated in Figure 3, there is no need to configure q1 resource set, since link recovery procedure is not related to BFD relaxation requirement. 
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Figure 3: SNR and L1-RSRP variation SSB for SSB-based beam failure detection and link recovery testing in non-DRX mode
Proposal 2: In BFD relaxation test cases, the link recovery procedure testing is not much necessary, the q1 resource set may not need to configured. 
Issue 3-3: DRX period setting
FFS
· Option 1: Different DRX period can be configured for FR1 and FR2 test cases. (CMCC)
· The example DRX values can be 40ms and 80ms.
· Option 2: DRX period are the same for FR1 and FR2 test cases. (CATT, vivo)
· DRX period is 40 ms. 
Last meeting, we thought it is beneficial to verify relaxed RLM/BFD behavior under different relaxation factor, and gave our initial thought about DRX period configuration with the spirit of enlarging test coverage and not increasing test burden, since relaxation factor is related to DRX period and frequency range. Our proposal is Option 1 above in last meeting.
After last meeting, the discussion of relaxation factor was finally concluded, the agreements are:
· K1, FR1 = 2 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 = 4 for MAX(TDRX, TRS) ≤ 40 ms
· K1, FR2, SSB= 2 for MAX(TDRX, TSSB) ≤ 80 ms.
According to the above agreements, we can see that the relaxation factor K is different for different DRX period in FR1. For the same motivation and consideration as last meeting, we would like to renewal Option 1. Different DRX cycles can be configured for SSB based RLM/BFD and CSI-RS based RLM/BFD test cases in FR1. For example, in FR1, DRX=40ms for SSB-based RLM/BFD test cases, DRX=80ms for CSI-RS-based RLM/BFD test cases. In FR2, DRX=40ms for SSB-based and CSI-RS based RLM/BFD test cases.
Proposal 3: Different DRX cycles can be configured for SSB based RLM/BFD and CSI-RS based RLM/BFD test cases in FR1. 
Issue 3-4: Test case list
In general, we support all RLM out-of-sync test and Beam failure detection test in FR1 and FR2 for NR-SA and EN-DC. If other companies have strong concern about the test burden, then we are open to define the applicability rule between tests in NR-SA and EN-DC.
In the table below, we provide our detailed preference about test cases list
	Table 1. Supported Test case list for NR-SA
	Table 2. Supported Test case list for EN-DC

		
	No.
	Test case

	RLM
	1
	Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with SSB-based RLM RS in DRX=TBDms

	
	2
	Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with CSI-RS-based RLM in DRX= TBDms

	
	3
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with SSB-based RLM RS in DRX= TBDms

	
	4
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with CSI-RS-based RLM in DRX= TBDms

	BFD
	1
	Beam Failure Detection for FR1 PCell configured with SSB-based BFD and LR in DRX= TBDms

	
	2
	Beam Failure Detection for FR1 PCell configured with CSI-RS-based BFD and LR in DRX= TBDms

	
	3
	Beam Failure Detection for FR2 PCell configured with SSB-based BFD and LR in DRX= TBDms

	
	4
	Beam Failure Detection for FR2 PCell configured with CSI-RS-based BFD and LR in DRX= TBDms



		
	No.
	Test case

	RLM
	1
	Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with SSB-based RLM RS in DRX=TBDms

	
	2
	Radio Link Monitoring Out-of-sync Test for FR1 PCell configured with CSI-RS-based RLM in DRX= TBDms

	
	3
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with SSB-based RLM RS in DRX= TBDms

	
	4
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with CSI-RS-based RLM in DRX= TBDms

	BFD
	1
	Beam Failure Detection for FR1 PCell configured with SSB-based BFD and LR in DRX= TBDms

	
	2
	Beam Failure Detection for FR1 PCell configured with CSI-RS-based BFD and LR in DRX= TBDms

	
	3
	Beam Failure Detection for FR2 PCell configured with SSB-based BFD and LR in DRX= TBDms

	
	4
	Beam Failure Detection for FR2 PCell configured with CSI-RS-based BFD and LR in DRX= TBDms





Proposal 4: In general, we support all RLM out-of-sync test and Beam failure detection test in FR1 and FR2 for NR-SA and EN-DC.

Issue 3-5: Detailed test configuration
FFS
· Proposal 1: reusing the corresponding legacy test with the following modifications: (Qualcomm)
· RLM Out-of-sync SSB based non-DRx in FR1 in EN-DC
· Configure offset to Qin for entering condition = 0dB to keep the SINR variation setting in the legacy test
· Change D1 as
· KSSB, FR1 * 20 (T_SSB) * 2 (P) * 10 + 20 (T_SSB) * 2 (P) = 400 KSSB, FR1 + 40 (ms)
· BFD CSI-RS based DRx in FR2 in NR-SA
· Configure offset to Qin for entering condition = 0dB and set SNR1>Qin
· Extend T3 by the additional delay allowed for BFD evaluation
· Proposal 2: The number of time duration depends on exit threshold. (CMCC)
· If exit threshold is Qout+ZdB, then at least 4 time durations should be set up. 
· For T1, the SINR is higher than Qin; For T2, the SINR is higher than Qout+ZdB and lower than Qin; for T3, the SINR is higher than Qout and lower than Qout+ZdB; For T4, the SINR is lower than Qout. 
· If exit threshold is Qout, then at least 3 time durations should be set up. 
· For T1, the SINR is higher than Qin; For T2, the SINR is higher than Qout and lower than Qin; for T3, the SINR is lower than Qout. 
· Proposal 3: The length of duration of D1 depends on exit threshold (CMCC)
· If exit threshold is Qout+ZdB, the current D1 value can be reused.
· If exit threshold is Qout, the D1 value should be relaxed.
In last meeting, we didn’t conclude the exiting threshold. Instead, the following exiting conditions are included in the CRs.
For RLM:
The UE is not allowed to relax RLM measurements and apply the relaxed radio link monitoring provided that at least one of the following conditions is met: 
· The UE sends out-of sync indications to the higher layers,
· The UE has triggered T310 timer
For BFD:
The UE is not allowed to apply the relaxed link recovery procedures provided that at least one of the following conditions is met: 
· The UE sends a beam failure instance indication to the higher layers,
· The UE has triggered T310 timer.
According to the exiting condition, the exiting threshold for RLM is Qout, and the exiting threshold for BFD is Qout_LR. Referring to the proposal 2 above which was proposed by us in last meeting, at least 3 time durations should be set up. UE behavior in these time durations is depended on both SNR variation settings and exiting conditions in case of multiple RLM/BFD RSs, which have not been decided yet.
During the core part discussion in last meeting, when we configure multiple RLM/BFD RSs, there are two kinds of exiting conditions, we support exiting condition 2, our analysis and proposals are provided in [2].
Exiting condition 1: 
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the entering threshold for any RLM/BFD-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the exiting threshold for all the RLM/BFD-RS resources. 
Exiting condition 2: 
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the entering threshold for all RLM/BFD-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the exiting threshold for any the RLM/BFD-RS resources. 
For RLM relaxation test cases, we prefer to reuse SNR variation setting in legacy RLM out-of-sync tests, which is illustrated in Figure 4. We give our analysis about UE behavior under different exiting conditions in Table 1. By using exiting condition 2. The legacy D1 value can verify that UE has exit relaxation during time period T2.
[image: ]
Figure 4: legacy SNR setting in current RLM OOS tests
Table 1: UE behavior under SNR setting and exiting conditions
	
	Exiting condition 1
	Exiting condition 2

	Legacy SNR setting in current RLM OOS tests
	UE behavior:
Entering relaxation at the start of time duration T1 
Exiting relaxation at the start of time duration T3
UE shall stop transmitting uplink signal in no later than time point C (D1 second after the start of the time duration T3) on the PCell, D1 should be relaxed according to relaxation factor
	UE behavior:
Entering relaxation at the start of time duration T1 
Exiting relaxation at the start of time duration T2
UE shall stop transmitting uplink signal in no later than time point C (D1 second after the start of the time duration T3) on the PCell, and the legacy D1 value can be reused


Proposal 5: 
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the entering threshold for all RLM/BFD-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the exiting threshold for any the RLM/BFD-RS resources. 
Proposal 6: Reuse the SNR variation setting configurations in legacy RLM out-of-sync tests for RLM measurement relaxation test cases.
For relaxation BFD test cases, the legacy SNR settings should be revisited, we propose the BFD SNR settings as in Figure 5
[image: ]
Figure 5. SNR settings in BFD measurement relaxation test cases
By using exiting conditions 2, UE behavior should be 
Entering relaxation at the start of time duration T1 
Exiting relaxation at the start of time duration T2
UE shall detect beam failure during T3, and stop transmitting uplink signal in Cell 1 in no later than time point C (D1 second after the start of the time duration T3) on the PCell, D1 = TEvaluate_BFD+beamFailureInstanceMaxCount*TIndication_interval_BFD.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 7: Revisit the SNR variation setting configuration for BFD measurement relaxation test cases.
· During time period T1, SNR higher than Qin for both BFD-RSs
· During time period T2, SNR higher than Qout_LR, lower than Qin for BFD-RS1, SNR lower than Qout_LR for BFD-RS2,
· During time period T2, SNR lower than Qout_LR for both BFD-RSs
· UE shall stop transmitting uplink signal in no later than D1 second after the start of the time duration T3 on the PCell, D1 = TEvaluate_BFD+beamFailureInstanceMaxCount*TIndication_interval_BFD. 
3. Conclusion
In this contribution, we give our consideration of whether and how to test RLM/BFD relaxation, the proposals are provided as follows:
Proposal 1: Out-of-sync testing for RLM relaxation should be defined, while in-sync test cases for RLM measurement relaxation are not particularly necessary.
Proposal 2: In BFD relaxation test cases, the link recovery procedure testing is not much necessary, the q1 resource set may not need to configured.
Proposal 3: Different DRX cycles can be configured for SSB based RLM/BFD and CSI-RS based RLM/BFD test cases in FR1. 
Proposal 4: In general, we support all RLM out-of-sync test and Beam failure detection test in FR1 and FR2 for NR-SA and EN-DC.
Proposal 5: 
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the entering threshold for all RLM/BFD-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the exiting threshold for any the RLM/BFD-RS resources. 
Proposal 6: Reuse the SNR variation setting configurations in legacy RLM out-of-sync tests for RLM measurement relaxation test cases.
Proposal 7: Revisit the SNR variation setting configuration for BFD measurement relaxation test cases.
· During time period T1, SNR higher than Qin for both BFD-RSs
· During time period T2, SNR higher than Qout_LR, lower than Qin for BFD-RS1, SNR lower than Qout_LR for BFD-RS2,
· During time period T2, SNR lower than Qout_LR for both BFD-RSs
· UE shall stop transmitting uplink signal in no later than D1 second after the start of the time duration T3 on the PCell, D1 = TEvaluate_BFD+beamFailureInstanceMaxCount*TIndication_interval_BFD. 
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