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1 Introduction
In RAN4#103-e meeting, the discussion on UE power saving enhancements continued and the agreements were captured in a way forward in [1]. In this contribution we continue the discussion on the open issues. The companion CR is available in [2].
2 Discussion
Minimum requirement for UE fulfilling relaxed measurement criteria
In the latest TS 38.133, the relaxed evaluation period TEvaluate_out_SSB_Relax is defined for the UE fulfilling relaxed measurement criteria as below. However, the relaxed evaluation period for evaluating if the downlink ratio quality becomes higher than the threshold Qin_SSB is not provided. 
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB_Relax [ms] period becomes worse than the threshold Qout_SSB within TEvaluate_out_SSB_Relax [ms] evaluation period.
When the relaxed measurement criteria is fulfilled, it is understood the UE may perform relaxed RLM measurements i.e. measuring the configured RLM-RS resources less often. As good serving cell quality is also based on downlink radio link quality, we believe the UE shall keep evaluating if the downlink radio link quality becomes better than the threshold Qin_SSB at least to determine if the good serving cell quality criterion is fulfilled. Therefore, a minimum requirement is needed for UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_SSB.
Observation 1: When the relaxed measurement criterion is fulfilled, the UE shall keep evaluating if the downlink radio link quality becomes better than the threshold Qin_SSB at least to determine if the good serving cell quality criterion is fulfilled.
Proposal 1: A minimum requirement is needed for UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_SSB.
At RAN4#103e meeting, it was explained the UE can apply the legacy i.e. the non-relaxed evaluation period TEvaluate_in_SSB to evaluate if the downlink ratio quality becomes better than the threshold Qin_SSB while the UE is performing relaxed SSB-based RLM measurement. However, as the UE is performing relaxed measurement, the UE is supposed to get a smaller number of measurement samples on the configured RLM-RS resources if a legacy evaluation period is applied. For example, if a scaling factor of 4 is applied for relaxed RLM measurement in FR2, the UE may have only 4 measurement samples within the legacy evaluation period, wherein normally 15 samples are used for averaging when evaluating the downlink radio link quality. In this case, the downlink radio link quality estimated based on the less samples is not as accurate as the value when RLM relaxation is not enabled. This will degrade the performance of radio link failure detection and hence the mobility decision at network side. Therefore, a relaxed evaluation period TEvaluate_in_SSB_Relax shall be defined for a UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_SSB.
Observation 2: When legacy evaluation period is applied, the UE is supposed to get a smaller number of measurement samples on the configured RLM-RS resources as the UE is performing relaxed RLM measurement. 
Proposal 2: A relaxed evaluation period TEvaluate_in_SSB_Relax shall be defined for a UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_SSB.
Above discussion is based on the SSB-based RLM. The proposals shall also apply to CSI-RS based radio link monitoring, i.e. a relaxed evaluation period TEvaluate_in_CSI-RS_Relax shall be defined for a UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_CSI-RS.
Proposal 3: A relaxed evaluation period TEvaluate_in_CSI-RS_Relax shall be defined for a UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_CSI-RS.
Minimum requirement at transitions
When the UE transitions between relaxed and non-relaxed RLM/BFD measurements, the minimum requirement at transitions shall be defined similar as in section 8.4.  The text proposal is proposed taking RLM as example: 
When the UE transitions between relaxed and non-relaxed measurements, for each RLM-RS resource, for a duration of time equal to the evaluation period corresponding to the second mode after the transition occurs, the UE shall use an evaluation period that is no less than the non-relaxed evaluation period. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second mode for each RLM-RS resource. This requirement shall be applied to both out-of-sync evaluation and in-sync evaluation of the monitored cell.
Proposal 4: Define the minimum requirement at transitions between relaxed and non-relaxed RLM/BFD measurements.
RLM/BFD reporting upon DRX state changes
It is specified in the latest TS 38.133 clause 8.1.1.1 that the relaxed radio link monitoring measurement is not applied in case DRX is not used:
The UE is no longer 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 timer T310 is running.
-	No DRX is used
-	The good serving cell quality criterion defined in clause 5.7.13.2 of TS 38.331 [2] is not fulfilled for all resources in the set of resources for radio link monitoring.
It is specified in the latest TS 38.133 clause 8.5.1.1 that the relaxed link recovery measurement is not applied in case DRX is not used:
The UE is no longer allowed to relax BFD measurements and apply the relaxed link recovery procedures provided that at least one of the following conditions is met: 
-	The timer beamFailureDetectionTimer is running.
-	No DRX is used
-	The good serving cell quality criterion defined in clause 5.7.13.2 of TS 38.331 [2] is not fulfilled for all resources in the set of resources for beam failure detection.
The following is specified in the latest TS 38.331 clause 5.7.13:
[bookmark: _Hlk111032405]The UE is only allowed to perform RLM and/or BFD relaxation according to requirements specified in TS 38.133 [14] when relaxed measurement criterion for low mobility and/or for good serving cell quality is met.
The following is specified in the latest TS 38.331 clause 5.7.4.2:

A UE capable of relaxing its RLM measurements of a cell group in RRC_CONNECTED state shall initiate the procedure for providing an indication of its relaxation state for RLM measurements upon being configured to do so, and upon change of its relaxation state for RLM measurements in RRC_CONNECTED state.
A UE capable of relaxing its BFD measurements in serving cells of a cell group in RRC_CONNECTED shall initiate the procedure for providing an indication of its relaxation state for BFD measurements upon being configured to do so, and upon change of its relaxation state for BFD measurements in RRC_CONNECTED state.
…
Upon initiating the procedure, the UE shall:
…
1>	if transmission of the UEAssistanceInformation message is initiated to provide the relaxation state of RLM measurements of a cell group according to 5.7.4.2:
2>	if the UE performs RLM measurement relaxation on the cell group according to TS 38.133 [14]:
3>	set the rlm-MeasRelaxationState to true;
2>	else:
3>	set the rlm-MeasRelaxationState to false;
1>	if transmission of the UEAssistanceInformation message is initiated to provide the relaxation state of BFD measurements of a cell group:
2>	for each serving cell of the cell group:
3>	if the UE performs BFD measurement relaxation on this serving cell according to TS 38.133 [14]:
4>	set the n-th bit of bfd-MeasRelaxationState to '1', where n is equal to the servCellIndex value + 1 of the serving cell;
3> else:
4>	set the n-th bit of bfd-MeasRelaxationState to '0', where n is equal to the servCellIndex value + 1 of the serving cell.
…
1>	else:
2>	submit the UEAssistanceInformation message to lower layers for transmission.
According to functionality above specified in 38.133 and 38.331, DRX state change triggers reporting of the RLM and BFD relaxation state which is not the desired functionality. This would cause the UE to report RLM and BFD relaxation state change very frequently which increases UE power consumption. In addition, the information would not be useful for the network since the gNB already knows that RLM and BFD relaxation is allowed only when DRX is used. Therefore, we propose the following:
Proposal 5: DRX state change shall not trigger RLM and/or BFD relaxation state change reporting.
Proposal 6: Discuss whether the issue should be solved in RAN4 or RAN2 specifications.
Proposal 7: Inform RAN2 about the issue in case it is decided that the problem needs to be fixed in RAN2.

Conclusion
In this contribution, we discussed the entering and exit relaxation criteria for RLM/BFD measurements as well as the UE behaviour in relaxation mode. The observations and proposals are summarized as below:
Observation 1: When the relaxed measurement criterion is fulfilled, the UE shall keep evaluating if the downlink radio link quality becomes better than the threshold Qin_SSB at least to determine if the good serving cell quality criterion is fulfilled.
Proposal 1: A minimum requirement is needed for UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_SSB.
Observation 2: When legacy evaluation period is applied, the UE is supposed to get a smaller number of measurement samples on the configured RLM-RS resources as the UE is performing relaxed RLM measurement. 
Proposal 2: A relaxed evaluation period TEvaluate_in_SSB_Relax shall be defined for a UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_SSB.
Proposal 3: A relaxed evaluation period TEvaluate_in_CSI-RS_Relax shall be defined for a UE fulfilling relaxed measurement criteria, to evaluate if the downlink radio link quality becomes better than the threshold Qin_CSI-RS.
Proposal 4: Define the minimum requirement at transitions between relaxed and non-relaxed RLM/BFD measurements.
Proposal 5: DRX state change shall not trigger RLM and/or BFD relaxation state change reporting.
Proposal 6: Discuss whether the issue should be solved in RAN4 or RAN2 specifications.
Proposal 7: Inform RAN2 about the issue in case it is decided that the problem needs to be fixed in RAN2.
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