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Introduction
Based on the achieved agreements in RAN4, we provide further discussion on the relaxation criteria and how to specify RLM/BFD measurement relaxation requirements.
Discussion
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RAN4 agreed to introduce a UE capability to indicate the supporting of RLM/BFD relaxation, and RLM/BFD relaxation is enabled by explicit signalling. However, the applicability conditions that UE is allowed to apply relaxed requirement needs to be further studied.
Based on the previous agreements, RLM/BFD relaxation is allowed when DRX cycle is no longer than 80ms. One of the applicability conditions shall be DRX cycle ≤80ms. Besides, UE shall meet the good cell quality criterion. If low mobility criterion is configured by network, then UE shall also meet the low mobility criterion.
RAN2 has agreed that RLM relaxation and BFD relaxation are enabled/disabled separately. Besides, RAN2 assumes the criteria configuration for RLM relaxation and BFD relaxation are configured separately. In RAN4, the applicability condition for RLM relaxation and BFD relaxation also need to be defined separately.
Proposal 1: The applicability conditions for relaxed RLM evaluation can be defined as follows:
	When DRX is used and DRX cycle is no longer than 80ms, the UE is allowed to apply the minimum requirements for relaxed radio link monitoring as defined in clause 8.1.2.x and clause 8.1.3.x, provided that the following conditions are met:
-	UE is configured with rlmRelaxation; and
-	UE has fulfilled goodCellQuality criterion if lowMobilityEvaluation is not configured, or UE has fulfilled both goodServingCellQuality criterion and lowMobilityEvaluation criterion if lowMobilityEvaluation is configured.
Otherwise, the UE is expected only to apply the minimum requirements for radio link monitoring as defined in clause 8.1.2.2 and clause 8.1.3.2.


Proposal 2: The applicability conditions for relaxed BFD evaluation can be defined as follows:
	When DRX is used and DRX cycle is no longer than 80ms, the UE is allowed to apply the minimum requirements for beam failure detection as defined in clause 8.5.2.x and clause 8.5.3.x, provided that the following conditions are met:
-	UE is configured with bfdRelaxation; and
-	UE has fulfilled goodCellQuality criterion if lowMobilityEvaluation is not configured, or UE has fulfilled both goodServingCellQuality criterion and lowMobilityEvaluation criterion if lowMobilityEvaluation is configured.
Otherwise, the UE is expected to apply the minimum requirements for beam failure detection as defined in clause 8.5.2.2 and clause 8.5.3.2.



Low mobility criterion
In RAN4, it has been agreed to reuse Rel-16 low mobility criterion for Rel-17 RLM/BFD relaxation, where Rel-16 low mobility criterion is evaluated based on L3-RSRP measurement variation. However, there are still some open issues as follows:
	Issue 2-1: L3 CSI-RS to be used for Low mobility criteria 
· Option 1: L3 CSI-RS can be used for low mobility criteria evaluation for Ues supports CSI-RS based L3 measurements as well. 
· Option 2: The existing agreement to use SSB based L3-RSRP measurement of the serving cell to evaluate the low mobility criterion is sufficient. 

Issue 2-2-1: the specific SSB to be measured for the per-UE low mobility criterion evaluation.
FFS
· Option 1a: The intra-frequency L3 RSRP measurement of serving cell based on SSB is derived as the intra-frequency SS-RSRP measured over single SSB, and shall fulfil the measurement requirement in TS 38.133 section 9.2.5.2 and the performance requirement in section 10.1. (Nokia)
· Option 1b: Network needs to configure the specific SSB to be measured for the per-UE low mobility criterion evaluation.


In RRC connected mode, CSI-RS based L3 measurements are applied when associated SSB is configured CSI-RS resources for mobility. The associated SSB has been detected and measured by UE. Even CSI-RS based L3 measurement has been configured, the UE still needs to perform SSB based L3 measurements. For this case, we suggest that low mobility criterion is only evaluated based on L3 SSB measurements.
Proposal 3: SSB based L3-RSRP measurement of the serving cell is sufficient to evaluate the low mobility criterion.
For SSB based L3 measurements, UE performs L3 SS-RSRP measurements on each detected SSB of serving cell. However, how to derive the cell level measurement from one or more detected beam level measurements is up to UE implementation. Since Rel-16 low mobility criterion is reused in R17, the method of deriving the cell level measurement from one or more detected beam level measurements in R17 can be assumed to be same that in R16. There is no need to introduce specific SSB configuration for R17 low mobility criterion.
Proposal 4: For R17 low mobility criterion, the existing definition of L3 SS-RSRP is used and there is no need to indicate specific SSB for low mobility criterion.
Requirements for RLM/BFD relaxation
In RAN4#101bis-e meeting, the following issues on relaxation factor need to be further discussed.
	Issue 5-2-2: The relaxation factor for FR1: 
· Option 1: 
· K1, FR1 =4 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
· Option 2 
· For FR1 RLM: (consider only DRx <= 80ms)
· K = 2 when DRx > 40ms *or* T310 <= 640ms; 
· K = 4 when DRx <= 40ms *and * T310>640ms, 
· For FR1 BFD: K = 2

Issue 5-2-3: The relaxation factor for FR2 SSB
· Option 1: K1, FR2, SSB= 2 for MAX(TDRX, TSSB) ≤ 80 ms
· Option 2: 
· K=1.5 for 60 ms ≤ MAX(TDRX, TSSB) ≤ 80 ms.
· K=2 for MAX(TDRX, TSSB) ≤ 60 ms 


In FR1, two options are considered for defining the relaxation factor. RAN4 agreed that RLM/BFD relaxation is allowed when serving cell quality is good enough. However, T310 timer is running when radio link failure is detected. So, the UE shall exist relaxation mode before T310 timer starts to run. Therefore, the configuration of T310 has no impact on relaxed RLM/BFD evaluation. The UE usually needs to perform RLM and BFD evaluation on the same serving cell. We suggest to define same relaxation factor for RLM and BFD relaxation.
Proposal 5: In FR1, the relaxation factor used for defining relaxed RLM/BFD evaluation period can be defined as K1, FR1 =4 for MAX(TDRX, TRS) ≤ 80 ms, i.e. option 1 is suggested.
· Option 1: 
· K1, FR1 =4 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
In FR2, two options are also considered for defining the relaxation factor. RAN4 has agreed that the relaxation factor is defined as 2 for CSI-RS based RLM/BFD relaxation. We suggest to define same relaxation factor for both SSB and CSI-RS based RLM/BFD relaxation. Hence, , the relaxation factor for SSB based RLM/BFD also can be defined as 2.
Proposal 6: In FR2, the relaxation factor used for defining relaxed RLM/BFD evaluation period can be defined as K1, FR2, SSB =2 for MAX(TDRX, TRS) ≤ 80 ms for MAX(TDRX, TRS) ≤ 80 ms, i.e. option 1 is suggested.
· Option 1: K1, FR2, SSB= 2 for MAX(TDRX, TSSB) ≤ 80 ms

Relaxation for multiple RS
UE can be configured with multiple RS resources for RLM/BFD measurements on the same serving cell and will monitor the downlink radio link quality based on the multiple RS resources. RAN4 needs to discuss on the relaxation criteria for multiple RS resources.
In TS 38.213, the followings are defined for radio link monitoring
	The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to higher layers.


Similarly, the principles for in-sync evaluation can reused for defining that UE fulfills good serving cell quality criterion, and the principles for out-of-sync evaluation can reused for defining that UE does not fulfill good serving cell quality criterion. The entering condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is better than the threshold for any one RS resource, and the exiting condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is worse than the threshold for all the RS resources.
Proposal 7: For RLM/BFD relaxation, when multiple RSs are configured for RLM/BFD, the followings are suggested for good serving cell quality criterion
· UE fulfills the good serving cell quality criterion when the radio link quality is better than the threshold (Qin + X dB) for any resource in the set of resources for RLM/BFD.
· UE does not fulfill the good serving cell quality criterion when the radio link quality is worse than the threshold (Qin + X dB) for all resource in the set of resources for RLM/BFD.

Conclusions
This contribution provides the discussion on UE measurement relaxation for RLM/BFD. The followings are provided:
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	When DRX is used and DRX cycle is no longer than 80ms, the UE is allowed to apply the minimum requirements for relaxed radio link monitoring as defined in clause 8.1.2.x and clause 8.1.3.x, provided that the following conditions are met:
-	UE is configured with rlmRelaxation; and
-	UE has fulfilled goodCellQuality criterion if lowMobilityEvaluation is not configured, or UE has fulfilled both goodServingCellQuality criterion and lowMobilityEvaluation criterion if lowMobilityEvaluation is configured.
Otherwise, the UE is expected only to apply the minimum requirements for radio link monitoring as defined in clause 8.1.2.2 and clause 8.1.3.2.


Proposal 2: The applicability conditions for relaxed BFD evaluation can be defined as follows:
	When DRX is used and DRX cycle is no longer than 80ms, the UE is allowed to apply the minimum requirements for beam failure detection as defined in clause 8.5.2.x and clause 8.5.3.x, provided that the following conditions are met:
-	UE is configured with bfdRelaxation; and
-	UE has fulfilled goodCellQuality criterion if lowMobilityEvaluation is not configured, or UE has fulfilled both goodServingCellQuality criterion and lowMobilityEvaluation criterion if lowMobilityEvaluation is configured.
Otherwise, the UE is expected to apply the minimum requirements for beam failure detection as defined in clause 8.5.2.2 and clause 8.5.3.2.


Proposal 3: SSB based L3-RSRP measurement of the serving cell is sufficient to evaluate the low mobility criterion.
Proposal 4: For R17 low mobility criterion, the existing definition of L3 SS-RSRP is used and there is no need to indicate specific SSB for low mobility criterion.
Proposal 5: In FR1, the relaxation factor used for defining relaxed RLM/BFD evaluation period can be defined as K1, FR1 =4 for MAX(TDRX, TRS) ≤ 80 ms, i.e. option 1 is suggested.
· Option 1: 
· K1, FR1 =4 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
Proposal 6: In FR2, the relaxation factor used for defining relaxed RLM/BFD evaluation period can be defined as K1, FR2, SSB =2 for MAX(TDRX, TRS) ≤ 80 ms for MAX(TDRX, TRS) ≤ 80 ms, i.e. option 1 is suggested.
· Option 1: K1, FR2, SSB= 2 for MAX(TDRX, TSSB) ≤ 80 ms
Proposal 7: For RLM/BFD relaxation, when multiple RSs are configured for RLM/BFD, the followings are suggested for good serving cell quality criterion
· UE fulfills the good serving cell quality criterion when the radio link quality is better than the threshold (Qin + X dB) for any resource in the set of resources for RLM/BFD.
· UE does not fulfill the good serving cell quality criterion when the radio link quality is worse than the threshold (Qin + X dB) for all resource in the set of resources for RLM/BFD.
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