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Introduction
In RAN4, when an how to perform RLM/BFD relaxation for power saving were discussed. Good serving cell quality criteria and low mobility criteria are considered, however the definition of both criteria are still under discussion. In this contribution, we provide further discussion on the relaxation criteria and how to specify RLM/BFD measurement relaxation requirements.
Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Relaxation criteria
[bookmark: OLE_LINK137][bookmark: OLE_LINK142]RAN4 shall investigate the RLM/BFD relaxation criteria without degrading mobility performance. Based on previous discussion in RAN4, it was agreed to take UE mobility state and serving cell quality into account as the relaxation criteria.
· Good serving cell quality criterion
The UE needs to perform RLM/BFD measurements to monitoring the serving cell/link quality. So, the SINR-like metric used for RLM/BFD measurements can be reused in good serving cell quality criteria. The SINR for RLM/BFD evaluation is measured on the configured RS resource over the evaluation period. RAN4 agreed to reuse the SINR for RLM/BFD evaluation as the metric in good serving cell quality criteria. So, the SINR used for RLM/BFD relaxation criteria shall also be derived from the link level quality on the configured RS resource over the evaluation period.
Proposal 1: The SINR used for RLM/BFD relaxation criteria is measured on the configured RS resource over the evaluation period.
In RAN4, it has been agreed that RLM/BFD relaxation is allowed when the serving cell quality is better than a threshold. The threshold used for good serving cell quality criteria has been discussed but not been decided yet. For RLM procedure, after UE has detected the out-of-sync state, UE need to evaluate whether the serving cell quality is recovered. The link quality is considered to be recovered when the link quality on the configured RS resource over the evaluation period is better than the threshold Qin. So, the threshold for good serving cell quality criteria at least shall be better than the threshold Qin. It is suggested that the threshold for good serving cell quality criteria can be expressed as (Qin + XdB).
Proposal 2: For RLM relaxation, the entering condition for good serving cell quality criterion can be defined as when the radio link quality is better than the threshold (Qin + XdB).
· Low mobility criterion
In last meeting, RAN4 was considering to use RSRP variation and/or SINR variation for low mobility criterion. The change of link quality is affected by the UE mobility state. The link quality could change dynamically due to fast UE movement and the mobility performance will be impacted due to relaxed RLM/BFD measurements. Then, RAN4 agreed that RLM/BFD relaxation is allowed in low mobility state. So, the purpose of introducing low mobility criterion is that RLM/BFD relaxation is allowed when the link quality change slowly. For RLM/BFD measurements, SINR is used as the metric of serving link quality. Hence, it is suggested to use SINR variation as the metric of link quality changes. The low mobility criterion is fulfilled when the SINR variation is below a threshold.
Proposal 3: It is suggested to use SINR variation as the metric for low mobility criterion.
[image: ]
Figure 1: Examples of SINR sampling and evaluating for RLM/BFD
As shown in Figure 1, the SINR for RLM/BFD is measured on the configured RS resource over the evaluation period. The SINR used for RLM/BFD evaluation is estimated over multiple measurement samples within the evaluation period. The SINR variation is defined as the difference between two adjacent SINR values for RLM/BFD evaluation.
Table 1: Sampling values and evaluated values of SINR used for RLM/BFD
	Sample index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Sampling value (dB)
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Evaluated value (dB)
	/
	/
	/
	/
	5
	5
	5
	5
	5
	5
	4.4
	3.6
	2.7
	1.7
	0
	0
	0
	0
	0
	0

	Sampling value (dB)
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Evaluated value (dB)
	/
	/
	/
	/
	10
	10
	10
	10
	10
	10
	9.1
	8.1
	6.6
	4.5
	0
	0
	0
	0
	0
	0

	Sampling value (dB)
	10
	10
	10
	10
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0
	0
	0
	0
	0
	0

	Evaluated value (dB)
	/
	/
	/
	/
	10
	9.8
	9.5
	8.9
	8.2
	7.2
	6.2
	5.2
	4.2
	3.2
	2.2
	1.4
	0.7
	0.2
	0
	0

	Sampling value (dB)
	10
	10
	10
	10
	10
	10
	10
	8
	6
	4
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Evaluated value (dB)
	/
	/
	/
	/
	10
	10
	10
	9.7
	9.1
	8.2
	6.9
	4.9
	3.0
	1.5
	0.5
	0
	0
	0
	0
	0

	Sampling value (dB)
	10
	10
	10
	10
	10
	10
	10
	10
	10
	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Evaluated value (dB)
	/
	/
	/
	/
	10
	10
	10
	10
	10
	9.4
	8.3
	7.0
	5.1
	1.7
	0
	0
	0
	0
	0
	0

	Note: The evaluated value is derived by filtering 5 previous sampling values.


Table 1 shows how SINR evaluated values for RLM/BFD are affected by measurement sampling value changing. It can be observed that the SINR variation would be no larger than 2dB when the sampling value decreases by 5dB within one sampling interval and would be no larger than 4.5dB when the sampling value decreases by 10dB within one sampling interval. When the sampling value slowly decreases by 10dB within 10 sampling intervals, the observed SINR variation would be no larger than 1dB. When the sampling value decreases by 10dB within 5 sampling intervals, the observed SINR variation would be no larger than 2dB. When the sampling value decreases rapidly by 10dB within 2 sampling intervals, the observed SINR variation would be no larger than 3.5dB. It can be seen that the observed SINR variation will increases as reduced sampling number with the same 10dB degradation. Hence, we suggest that low mobility criterion is fulfilled when the SINR variation does not exceed 2dB, which means the link quality changes slowly or not dramatically.
Proposal 4: For RLM relaxation, the entering condition for low mobility criterion can be defined as when the SINR variation does not exceed a threshold which is suggested to be defined as 2dB.
The BFD-RS is possibly also configured as RLM-RS. The UE would perform RLM and BFD measurements on the same RS resource. If different relaxation thresholds are applied for RLM and BFD measurements, then it may lead conflicted measurement behaviors on the same RS resource. Hence, it is suggested to apply the same thresholds for RLM relaxation and BFD relaxation.
Proposal 5: It is suggested that the same thresholds used for good serving cell quality and low mobility criteria are applied for both RLM relaxation and BFD relaxation.
Exiting relaxation criteria
For the exiting criteria of RLM/BFD relaxation, RAN4 agreed that the UE will exit relaxation mode when the UE fulfils any of serving cell quality exit condition or low mobility exit condition, or DRX cycle length is not allowed for relaxation. However, the definitions of serving cell quality exit condition and low mobility exit condition need to be further studied.
If the UE enters RLM/BFD relaxation mode, the UE shall be able to fallback to legacy RLM/BFD measurements when the serving cell quality over the evaluation period is worse than the exiting threshold for serving cell quality criterion or the SINR variation exceeds the exiting threshold used for low mobility criterion. The threshold used for exiting condition can be derived from the threshold used for entering condition. In order to avoid ping-ping effect, the threshold used for serving cell quality exiting condition can be defined as 3dB lower than the threshold used for entering condition. Hence, the exiting threshold for serving cell quality can be defined as (Qin + XdB - 3dB). 
Proposal 6: For exiting relaxation criteria, the existing condition for serving cell quality criterion can be defined as when the radio link quality is worse than the threshold (Qin + XdB - 3dB).
Since the SINR variation indicates the link quality change between two adjacent evaluation periods which are partial overlapped in time domain, the SINR variation for RLM/BFD evaluation is insensitive to the instantaneous channel status. When the SINR variation exceeds the threshold used for entering condition, it means that the channel status has been changed rapidly for a while or has been changed dramatically within a short time.
Proposal 7: For exiting relaxation criteria, the existing condition for low mobility criterion can be defined as when the SINR variation exceeds the entering threshold (i.e. 2dB).
Requirements for RLM/BFD relaxation
RAN4 discussed how to define the evaluation period requirements for relaxed RLM/BFD measurements, and the following options are considered:
	· Option 1: The similar definition of RLM/BFD evaluation period in Rel-15 can be reused as Max(T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS)). 
· FFS the Y 
· Option 2a: For FR1, if power saving conditions are satisfied, allow TEvaluate_ps_out_SSB for the first OOS indication and the original TEvaluate_out_SSB doesn’t apply.
· Option 2b: For FR1 and FR2, if power saving conditions are satisfied, for the first OOS indication the original TEvaluate_out_SSB apply. 
· Option 3: extended based on the legacy RLM/BFD requirements by considering the scaling factors.
· The new evaluation period TEvaluate_out_SSB-Relaxed is specified as K1* TEvaluate_out_SSB, where TEvaluate_out_SSB is as specified in clause 8.1.3.2 in TS 38.133 .
· FFS the new indication period TIndication_interval-Relaxed is specified as K2* TIndication_interval where TIndication_interval is as specified in clause 8.1.6 in TS 38.133.
· Option 4 :
· For RLM, the oos triggering latency requirements should be extended with an additional delay not shorter than (K-1) 1.5 DRX cycles, while K is the relaxation factor.
· For BFD, the beam failure instance triggering latency requirements should be extended with an additional delay not shorter than (K-1) 1.5 DRX cycles, while K is the relaxation factor.
· Extending the out-of-sync evaluation period requirements and beam failure evaluation period requirements by a same factor X can be considered. X can be 2 for DRX <= 40ms, and X can be 1.5 for 40ms <DRX <= 80ms.


The relaxed RLM/BFD evaluation period requirements depends on the used measurement sample number and the measurement interval. Based on the simulation results provided by companies, the beneficial scenarios for RLM/BFD relaxation are when L1 RRM measurement intervals for RRM are also extended. The UE is assumed to be able to meet the existing RRM measurement requirements with using less RRM measurement samples during the legacy RRM measurement period. Hence, the same assumption also can be used for RLM/BFD measurements, i.e., the UE shall be able to perform RLM/BFD measurements based on reduced measurement samples without performance degradation. The UE that uses larger relaxation factor for RLM/BFD measurements shall be able to perform RLM/BFD measurements based on less measurement samples. For relaxation factor X, the measurement interval is extended by X times and the measurement sample number is reduced as 1/X times. Then, the RLM/BFD evaluation period is still unchanged. Hence, the same RLM/BFD evaluation period can be defined for relaxed RLM/BFD measurements with different relaxation factor. We suggest to use option 1 for defining the relaxed RLM/BFD evaluation period and the value of Y can be defined as a fixed value.
Proposal 8: It is suggested to use Option 1 for defining the relaxed RLM/BFD evaluation period, and the factor Y used in option 1 can be defined as a fixed value.
· Option 1: The similar definition of RLM/BFD evaluation period in Rel-15 can be reused as Max(T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS)). 
The configured RLM-RS/BFD-RS resource can be SSB or CSI-RS. RAN4 agreed that RLM/BFD relaxation is applicable for DRX <= 80ms. However, the SSB periodicity can be up to 160ms. When SSB with 160ms periodicity is configured as RLM-RS/BFD-RS, the legacy RLM/BFD evaluation period will be very long specifically in FR2. Hence, it is suggested that RLM/BFD relaxation is not applicable on the SSB resource with 160ms periodicity.
Proposal 9: It is suggested that RLM/BFD relaxation is not applicable on the SSB resource with 160ms periodicity.
The values of Y used for defining relaxed RLM/BFD evaluation period can be extended by 2 times. The relaxed measurement interval and the used measurement sample number are up to UE implementation and not specified in RLM/BFD requirements.
Proposal 10: The RLM/BFD evaluation period in relaxation mode TEvaluate_relax can be defined as:
	Configuration
	TEvaluate_relax (ms) 

	DRX cycle ≤ 80ms
	Max(T, Ceil(Y  P)  Max(TDRX,TSSB/TCSI-RS))

	Note 1:	TSSB is the periodicity of SSB in the set [image: ] and no longer than 80ms. TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.
Note 2:	The value of P is as same as the existing definition in legacy mode.


where, the value of Y used for defining relaxed RLM/BFD evaluation period can be defined as follow:
	Evaluation Period Type
	Value of Y used for defining relaxed RLM/BFD Measurements

	SSB based RLM
	30

	CSI-RS based RLM
	60

	SSB based BFD
	15

	CSI-RS based BFD
	30



Relaxation scenarios
In RAN4, the issue related to relaxation in intra-band CA was discussed, which is based on the assumption that UE needs to perform RLM/BFD measurements on multiple serving cells. In Rel-15, the UE is required to perform RLM and BFD measurements on the SpCell (PCell or PSCell). In Rel-16, SCell BFR is introduced for NR eMIMO, but the UE is not expected to perform BFD measurements on more than 1 serving cell per band. So, for intra-band CA, the UE shall be not expected to perform BFD measurements on any SCell. The assumption that UE needs to perform RLM/BFD measurements on multiple serving cells does not occur in intra-band CA. Hence, whether to allow RLM/BFD relaxation depends upon whether both RLM and BFD measurements on SpCell fulfil the relaxation criterion.
Proposal 11: For intra-band CA, whether to allow RLM/BFD relaxation depends upon whether both RLM and BFD measurements on SpCell fulfil the relaxation criterion.
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 shall study the relaxation/exiting conditions of RLM/BFD relaxation when multiple RS resources are configured. For RLM out-of-sync evaluation, the UE indicates out-of-sync when the radio link quality is worse than the threshold Qout for all the RLM RS resources, and UE indicates in-sync when the radio link quality is better than the threshold Qin for any RLM RS resource. Similarly, the relaxation 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 RLM/BFD 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 RLM/BFD RS resources.
Proposal 12: The relaxation condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is better than the entering threshold for any RLM/BFD RS resource.
Proposal 13: The exiting condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is worse than the exiting threshold for all the RLM/BFD RS resources.
Conclusions
This contribution provides the discussion on FR2 inter-band DL CA enhancement. The following are provided:
[bookmark: OLE_LINK168][bookmark: OLE_LINK176]Proposal 1: The SINR used for RLM/BFD relaxation criteria is measured on the configured RS resource over the evaluation period.
Proposal 2: For RLM relaxation, the entering condition for good serving cell quality criterion can be defined as when the radio link quality is better than the threshold (Qin + XdB).
Proposal 3: It is suggested to use SINR variation as the metric for low mobility criterion.
Proposal 4: For RLM relaxation, the entering condition for low mobility criterion can be defined as when the SINR variation does not exceed a threshold which is suggested to be defined as 2dB.
Proposal 5: It is suggested that the same thresholds used for good serving cell quality and low mobility criteria are applied for both RLM relaxation and BFD relaxation.
Proposal 6: For exiting relaxation criteria, the existing condition for serving cell quality criterion can be defined as when the radio link quality is worse than the threshold (Qin + XdB - 3dB).
Proposal 7: For exiting relaxation criteria, the existing condition for low mobility criterion can be defined as when the SINR variation exceeds the entering threshold (i.e. 2dB).
Proposal 8: It is suggested to use Option 1 for defining the relaxed RLM/BFD evaluation period, and the factor Y used in option 1 can be defined as a fixed value.
· Option 1: The similar definition of RLM/BFD evaluation period in Rel-15 can be reused as Max(T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS)). 
Proposal 9: It is suggested that RLM/BFD relaxation is not applicable on the SSB resource with 160ms periodicity.
Proposal 10: The RLM/BFD evaluation period in relaxation mode TEvaluate_relax can be defined as:
	Configuration
	TEvaluate_relax (ms) 

	DRX cycle ≤ 80ms
	Max(T, Ceil(Y  P)  Max(TDRX,TSSB/TCSI-RS))

	Note 1:	TSSB is the periodicity of SSB in the set [image: ] and no longer than 80ms. TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.
Note 2:	The value of P is as same as the existing definition in legacy mode.


where, the value of Y used for defining relaxed RLM/BFD evaluation period can be defined as follow:
	Evaluation Period Type
	Value of Y used for defining relaxed RLM/BFD Measurements

	SSB based RLM
	30

	CSI-RS based RLM
	60

	SSB based BFD
	15

	CSI-RS based BFD
	30


Proposal 11: For intra-band CA, whether to allow RLM/BFD relaxation depends upon whether both RLM and BFD measurements on SpCell fulfil the relaxation criterion.
Proposal 12: The relaxation condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is better than the entering threshold for any RLM/BFD RS resource.
Proposal 13: The exiting condition of RLM/BFD relaxation for multiple RS resources can be defined as when the radio link quality is worse than the exiting threshold for all the RLM/BFD RS resources.
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