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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN4 #101bis-e meeting, the relaxation of RLM/BFD was discussed and a WF [1] was approved. In this contribution, we share our view on the following topics for relaxation of RLM/BFD measurements following the agreed WF.
	· L3 CSI-RS to be used for Low mobility criteria 
· Cell quality criteria configuration type
· Good serving cell quality criteria for RLM/BFD
· Exiting relaxation criteria upon link quality
· Relaxation criteria for multiple RLM-RS/BFD-RS



2 Discussion
	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. 



Since some companies mentioned that CSI-RS intra-frequency measurement is an optional feature, it’s possible that UE who does not support the CSI-RS intra-freq. measurement. We are fine to not to consider L3 CSI-RS for low mobility criteria. Therefore, we support option 2.
Proposal 1: The existing agreement to use SSB based L3-RSRP measurement of the serving cell to evaluate the low mobility criterion is sufficient.
	[bookmark: _Hlk95223725]Issue 3-4: Cell quality criteria configuration type
· Option 1: per-serving cell basis
· Option 2: per-UE basis
· Option 3: per-CG basis 



From our understanding, the threshold can be the same across the carriers, even if the channel quality is different, the threshold is the same. The evaluation can be performed on each cell separately to check whether it satisfied the threshold or not. Therefore, we support option 2.
However, there is a LS sent from RAN2[2] regarding to the same issue:
	RAN2 discussed RLM/BFD relaxation features for ePowSav, and has agreed the following:
Regarding the configurations of RLM/BFD relaxation:
· BFD relaxation is enable/disable per serving cell (i.e. separately between Pcell/PScell and Scell). FFS on stage-3 details.
· RLM relaxation is enable/disable per-CG (i.e. separately between Pcell and PScell). FFS on stage-3 details, FFS if enable/disable is by the UE or by the network. 
· ……



It seems that BFD is configured per serving cell and RLM relaxation is configured per-CG. Therefore, we suggest to follow the conclusion achieved in RAN2.
Proposal 2: BFD is configured per serving cell and RLM relaxation is configured per-CG.
	Issue 3-1: Good serving cell quality criteria for RLM/BFD
· Agreement 
· The good serving cell quality criteria for RLM/BFD is based on an offset X dB and Qx, while Qx is derived from PDCCH transmission parameters.
· Qx = Qin for RLM
· Qx = [Qin] for BFD
· Note: definition of Qin for BFD needs to be clarified
· The offset X can be configured from a set of 4 values
· Exact values are FFS
· One pre-defined value is used for evaluation if the offset is not configured
· Pre-defined value X = [0] dB
· Signalling details are up to RAN2



In last meeting, the remaining issue is whether Qin can be used as reference for BFD and further specify the definition of Qin. 
From the LS from RAN2[2], BFD and RLM will be configured separately. If separate threshold can be applied, it’s natural that different threshold reference can be used. For example, for BFD, the threshold can be Qout.
	· RLM relaxation and BFD relaxation are enabled/disabled separately.
· RAN2 assumes the criteria configuration for RLM relaxation and BFD relaxation are configured separately. FFS Which criteria configuration(s) could be configured separately (e.g. serving cell quality). RAN2 can come back on this based on RAN4 conclusion.



However, from the test case design and definition of measurement period for RLM and BFD where the same requirement is used, it seems that normally the same RS will be used for both RLM and BFD. It’s reasonable that the same threshold may be applied for RLM and BFD, otherwise there is no UE power saving gain. The threshold will be based on the higher criteria between RLM and BFD. For BFD, SNR of Qout_LR is 4 dB higher than SNR of Qout. Similarly, for Qin, it’s reasonable that SNR of BFD is higher than RLM.
Observation 1: SNR of Qout_LR is 4 dB higher than SNR of Qout. Similarly, for Qin, it’s reasonable that SNR of BFD is higher than RLM.
Therefore, a SNR threshold higher than Qin will be used for BFD and RLM together. Qin definition for RLM can be re-used for Qin of BFD. however, the criteria for entering relaxation for BFD and RLM will be higher than SNR of Qin, which means that all the candidate value of X will be higher than 0dB, including the pre-defined value.
Proposal 3: Set the same entering threshold for both RLM and BFD relaxation, a SNR threshold higher than Qin will be used.
· Qx = Qin for RLM and BFD
· All the candidate value of X will be higher than 0dB, including the pre-defined value.
	Issue 4-1: Exiting relaxation criteria upon link quality
Candidate options:
· Option 1: No additional criteria are needed, previous agreement from 98-e-bis and 99-e-bis are sufficient.  (QC, Ericsson, MTK, CATT)
· Option 2: set exit threshold as entering threshold with a hysteresis value. (CMCC, Intel, Huawei, Xiaomi,
· SINRexit = entering threshold – hysteresis of Z dB. 
· Option 3-1: set exit threshold as Qout for RLM and Qout_LR for BFD. (vivo, QC, Intel, MTK, Xiaomi, OPPO, Nokia)
· Option 3-2: set exit threshold as Qout for both RLM and BFD (Apple)
· Option 4: To introduce a counter of L1 indications that the link quality is better than or worse than the threshold. (Huawei)




Similar with issue 3-1,for good serving cell quality criteria for RLM/BFD, it’s preferred that the same threshold is applied for BFD and RLM to save UE power since RLM-RS and BFD-RS are normally configured as the same RS. Since SNR of Qout_LR is 4 dB higher than SNR of Qout. We’d better to choose Qout_LR as the same exist threshold for both BFD and RLM. When SNR dropped to Qout_LR, UE will exit relaxation for both BFD and RLM, and the benefit is that there is no extra RLF delay for RLM. Otherwise, if we choose Qout as exit threshold which is lower than Qout_LR, it’s not reasonable that the relaxation still applied while beam failure already happens.
Proposal 4: Set the same exit criteria for both RLM and BFD, and Qout_LR is used as the exist threshold.


	Issue 6-1-1: Relaxation criteria for multiple RLM-RS/BFD-RS
· Option 1: 
· For entering condition: the radio link quality of at least one RS resource is better than the entering threshold.
· For exit condition: the radio link quality for all the RS resources is worse than the exiting threshold.
· Option 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 threshold (Qout + X1) for all RLM-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the threshold (Qout + X2) for any the RLM-RS resources. 
· The values of X1, X2 can be same as those discussed for good serving cell quality.




The condition will depend on how the threshold is configured in issue 3-1 and issue 4-1 and whether the threshold is the same for both RLM and BFD.
For entering/exit condition, if the higher threshold between RLM and BFD is applied for both RLM and BFD, we are fine that a relative relax condition can be applied. If threshold can be configured separately and the lower bound is used, we prefer a more stick condition.
For example, if the higher threshold between RLM and BFD is applied for both RLM and BFD, e.g. entering threshold is higher than Qin and exit threshold is higher than Qout, relaxation criteria for multiple RLM-RS/BFD-RS are as follows:
· For entering condition: the radio link quality of at least one RS resource is better than the entering threshold.
· For exit condition: the radio link quality for all the RS resources is worse than the exiting threshold.
If threshold can be configured separately and lower bound can be used, e.g. Qin and Qout used for RLM for entering and exit, we prefer a more stick condition and relaxation criteria for multiple RLM-RS/BFD-RS are as follows:
· For entering condition: the radio link quality of all RS resource is better than the entering threshold.
· For exit condition: the radio link quality for any the RS resources is worse than the exiting threshold.
If the threshold is defined in some of middle way, we can further discuss. 
Proposal 5: Relaxation criteria for multiple RLM-RS/BFD-RS depends on conclusion of issue 3-1 and 4-1.


3 Conclusion
In this contribution, we provide our views regarding to UE power saving for RLM/BFD: 
Proposal 1: The existing agreement to use SSB based L3-RSRP measurement of the serving cell to evaluate the low mobility criterion is sufficient.
Proposal 2: BFD is configured per serving cell and RLM relaxation is configured per-CG.
Observation 1: SNR of Qout_LR is 4 dB higher than SNR of Qout. Similarly, For Qin, it’s reasonable that SNR of BFD is higher than RLM.
Proposal 3: Set the same entering threshold for both RLM and BFD relaxation, a SNR threshold higher than Qin will be used.
· Qx = Qin for RLM and BFD
· All the candidate value of X will be higher than 0dB, including the pre-defined value.
Proposal 4: Set the same exit criteria for both RLM and BFD, and Qout_LR is used as the exist threshold.
Proposal 5: Relaxation criteria for multiple RLM-RS/BFD-RS depends on conclusion of issue 3-1 and 4-1.
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