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Introduction
In RAN4 #98bis-e meeting, RAN4 concluded the feasible scenarios for RLM/BFD relaxation in DRX mode. In this contribution, we provide the 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 criteria
In last RAN4 meeting, the following agreements have been achieved on good serving cell quality criteria for RLM/BFD relaxation.
	· Good serving cell quality criteria of RLM/BFD relaxation is defined as the radio link quality is better than a threshold. 
· FFS radio link quality > Qout + X (dB) for RLM
· FFS radio link quality > Qout,LR + Y (dB) for BFD relaxation. 
· FFS how to derive the values of X, Y
· The radio link quality in good serving cell quality criteria for R17 RLM/BFD relaxation is based on SINR 
· FFS how to derive the corresponding SINR level of the threshold used in good serving cell quality criteria
· FFS which SINR is used
· Option 1: Reuse SINR for RLM/BFD evaluation
· FFS whether RSRP is also needed for BFD as additional condition
· FFS: The thresholds are configured or pre-defined.
· FFS: Different threshold configuration (i.e. different IEs in RRC signaling )for SSB based and CSI-RS based RLM/BFD is allowed


Since the corresponding SINR levels of thresholds Qout and Qout,LR are up to UE implementation, the thresholds (Qout+XdB) and (Qout,LR+YdB) used good serving cell quality criteria shall also be up to UE implementation. In TS 38.133, the threshold Qin is defined as the level at which the downlink radio link quality can be considered as being recovered. So, the threshold for good serving cell quality criteria at least shall be better than the threshold Qin. In RLM test cases, the threshold Qout is assumed as SINR=-10dB and the threshold Qin is assumed as SINR=-1.5dB. The SINR difference between thresholds Qout and Qin is 8.5dB. For RLM evaluation, we suggest that the good serving cell quality can be assumed better than SINR=0dB, and the value of X used for good serving cell quality criteria can be defined as 10dB. According to the hypothetical PDCCH transmission parameters defined for deriving the thresholds Qout and Qout,LR, it can be observed that the SINR difference between thresholds Qout and Qout,LR is 4dB. For BFD evaluation, the value of Y used for good serving cell quality criteria can be defined as 6dB.
Proposal 1: The good serving cell quality criteria for RLM relaxation can be defined as the radio link quality is 10dB better than the threshold Qout, i.e. radio link quality > Qout + 10dB.
Proposal 2: The good serving cell quality criteria for BFD relaxation can be defined as the radio link quality is 6dB better than the threshold Qout,LR, i.e. radio link quality > Qout,LR + 6dB.
· Exiting criteria of RLM/BFD relaxation
RAN4 achieved the following agreements on exiting criterion of RLM relaxation.
	· FFS which of the following options can be used as the exiting criteria of RLM relaxation
· Option 1: exit relaxation mode when any relaxation criterion is not met
· Option 1a: a hysteresis value (e.g. 3dB) could be used to avoid ping-ping effect.
· Relaxation exiting condition: Qualitymeasured + Hys < Thresh
· Option 2: exit relaxation mode when the radio link quality is worse than a certain SINR threshold Thexit, which is higher than Qout.
· Option 2a: set different radio link quality threshold for entering and exiting the relaxation
· Option 2b: either the averaged SINR based on reduced number of samples is below Thexit, or the one-shot SINR is below Qout. 
· Option 3: exit relaxation mode based on out-of-sync indication. 
· Option 3a: exit when N310 starts to count, i.e. 1 out-of-sync indication.
· Option 3b: exit when T310 is running witch is triggered by a new counter
· Option 3c: exit when certain number of out-of-indications 
· Option 3d: exit when certain consecutive out-of-sync indications
· Option 4: Additional time is allowed for UE to evaluate first OOS indication when UE is in power saving mode. UE is in normal mode after first OOS indication. The additional delay for RLF declaration is guaranteed to be within OOS evaluation time (TEvaluate_out_SSB) in normal mode. Relaxation factor and exit SINR threshold (for good cell quality condition) is up to UE implementation, but the “first OOS indication” requirement has to be satisfied.


The UE physical layer will indicate out-of-sync to high layer when the estimated serving quality is worse than the threshold Qout. As we observed from the simulation results, relaxed RLM evaluation will delay RLF triggering. So, we suggest that UE exits RLM relaxation before UE detects out-of-sync state. The threshold used for exiting criterion can be derived from the threshold used relaxation criterion. In order to avoid ping-ping effect, the threshold used for exiting criterion can be defined as 3dB lower than the threshold used relaxation criterion. Hence, the exiting threshold for RLM relaxation can be defined as (Qout + 7dB), and the exiting threshold for BFD relaxation can be defined as (Qout,LR + 3dB).
Proposal 3: The exiting criteria for RLM relaxation can be defined as the radio link quality is worse than the level of (Qout + 7dB).
Proposal 4: The exiting criteria for BFD relaxation can be defined as the radio link quality is worse than the level of (Qout,LR + 3dB).
· Low mobility criteria
RAN4 achieved the following agreements on low mobility criterion for RLM/BFD relaxation.
	· Given the this feature is enabled by the network, the low mobility criterion is defined based on
· FFS until RAN4 #99e
· Option A: UE will need to verify whether the low mobility criterion is fulfilled based on the channel condition
· Option A1: RSRP variation (reuse R16 low mobility criterion and procedure)
· Option A2: SINR variation
· Option B: UE will not need to verify whether the low mobility criterion is fulfilled based on the channel condition
· Option B1: UE defines if the low mobility criterion is fulfilled (e.g. fixed UE) or not fulfilled (e.g. vehicular UE).
· Option B2: Network configures whether the low mobility criterion is fulfilled or not
· Option C: The low mobility criterion can be left for RAN2 to decide. Send LS to RAN2 to trigger RAN2 discussion.
· Option D: Other options on how often UE verifies the low mobility criterion is open for discussions at next meeting.


UE mobility state could change dynamically changing, which is difficult for the network to predict. It is impossible for network to configure whether the low mobility criterion is fulfilled.
R16 low mobility criterion is used in RRC idle mode. UE determines the mobility state based on RSRP variation. The DRX cycle used in RRC idle mode is equal to or longer than 320ms. The UE observes one RSRP value measured over a long measurement period. So, the RSRP variation usually will not affected much by the propagation model, and the RSRP variation can reflect the mobility state. However, RLM/BFD relaxation is allowed when DRX cycle is equal to or shorter than 80ms, RSRP/SINR evaluation period used for RLM/BFD relaxation will be much shorter than RSRP measurement period used in R16 low mobility criterion. So the observed RSRP/SINR variation might be more impacted by the propagation characteristics than the mobility state. So, we suggest that it is up to UE to decide whether the low mobility criterion is fulfilled or not fulfilled.
Proposal 5: It is up to UE to determine whether and how to perform the evaluation for low mobility criterion.
Relaxation scheme
RAN4 discussed how to define the evaluation period of relaxed RLM/BFD and the following agreements have been captured in [1].
	Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB). FFS the following options
· 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,TSSB))
· Option 2: 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 2a:
	Configuration
	TEvaluate_ps_out_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P)  TSSB)

	DRX cycle≤80ms
	Max(200, Ceil(30  P)  Max(TDRX,TSSB))

	80ms<DRX cycle≤320ms
	Max(200, Ceil(20  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


· Option 2b:
	Configuration
	TEvaluate_ps_out_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P)  TSSB)

	DRX cycle≤80ms
	Max(200, Ceil(15  P)  Max(TDRX,TSSB) + (K-1)  Max(TDRX,TSSB))

	80ms<DRX cycle≤320ms
	Max(200, Ceil(15  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length, K is the relaxation factor.


· Option 3: modify the Rel-15 wording in the requirements as follows
· 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 .
· 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.
· FFS whether K1=K2
· Other options are not precluded.


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 6: 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))
For DRX cycle≤80ms, the values of Y used for defining legacy RLM/BFD evaluation period can be summarized in Table 1. 
Table 1: Values of Y used for defining legacy RLM/BFD evaluation period for DRX cycle≤80ms
	Evaluation Period Type
	Value of Y used for defining Legacy RLM/BFD Measurements

	SSB based RLM for OOS
	15

	CSI-RS based RLM for OOS
	30

	SSB based BFD
	7.5

	CSI-RS based BFD
	15


Then, 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 7: The factor Y used for defining relaxed RLM/BFD evaluation period can be defined as:
	Evaluation Period Type
	Value of Y used for defining relaxed RLM/BFD Measurements

	SSB based RLM for OOS
	30

	CSI-RS based RLM for OOS
	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, 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.
Observation 1: For intra-band CA, the UE is only required to perform RLM/BFD measurements on the SpCell (PCell or PSCell).
UE can be configured with multiple RS resources for RLM measurements on the same serving cell and will monitor the downlink radio link quality based on the multiple RLM-RS resources. RAN4 shall study the relaxation/exiting conditions of RLM relaxation when RLM-RS resources. 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 relaxation for multiple RLM-RS resources can be defined as when the radio link quality is better than the threshold for any RLM-RS resource, and the exiting condition of RLM relaxation for multiple RLM-RS resources can be defined as when the radio link quality is worse than the threshold for all the RLM-RS resources.
Proposal 8: The relaxation condition of RLM relaxation for multiple RLM-RS resources can be defined as when the radio link quality is better than the threshold (Qout + 10dB) for any RLM-RS resource.
Proposal 9: The exiting condition of RLM relaxation for multiple RLM-RS resources can be defined as when the radio link quality is worse than the threshold (Qout + 7dB) for all the RLM-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 good serving cell quality criteria for RLM relaxation can be defined as the radio link quality is 10dB better than the threshold Qout, i.e. radio link quality > Qout + 10dB.
Proposal 2: The good serving cell quality criteria for BFD relaxation can be defined as the radio link quality is 6dB better than the threshold Qout,LR, i.e. radio link quality > Qout,LR + 6dB.
Proposal 3: The exiting criteria for RLM relaxation can be defined as the radio link quality is worse than the level of (Qout + 7dB).
Proposal 4: The exiting criteria for BFD relaxation can be defined as the radio link quality is worse than the level of (Qout,LR + 3dB).
Proposal 5: It is up to UE to determine whether and how to perform the evaluation for low mobility criterion.
Proposal 6: 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 7: The factor Y used for defining relaxed RLM/BFD evaluation period can be defined as:
	Evaluation Period Type
	Value of Y used for defining relaxed RLM/BFD Measurements

	SSB based RLM for OOS
	30

	CSI-RS based RLM for OOS
	60

	SSB based BFD
	15

	CSI-RS based BFD
	30


Observation 1: For intra-band CA, the UE is required only to perform RLM/BFD measurements on the SpCell (PCell or PSCell).
Proposal 8: The relaxation condition of RLM relaxation for multiple RLM-RS resources can be defined as when the radio link quality is better than the threshold (Qout + 10dB) for any RLM-RS resource.
Proposal 9: The exiting condition of RLM relaxation for multiple RLM-RS resources can be defined as when the radio link quality is worse than the threshold (Qout + 7dB) for all the RLM-RS resources.
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