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1 Introduction
In RAN4#98-e meeting, the WF on RLM and/or BFD relaxation was approved in [1]. In this discussion, we provide further discussions on the RLM and/or BFD measurement relaxation.
2 Discussion
Relaxation criteria
	Issue 2-3-2/2-3-3/2-3-4: Good serving cell quality criteria of 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
Issue 2-3-5: Low mobility criteria of RLM/BFD relaxation
· Low mobility criterion for identifying low mobility scenario under which the UE is allowed to apply the RLM/BM requirements is determined and configured to UE by the network, and it is up to the UE whether to apply relaxed RLM/BM requirements when configured. 
· 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.


In RAN4#98-bis-e meeting, it was agreed that the criteria of RLM/BFD relaxation depends on both the serving cell quality and UE mobility state.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the detailed criterion of good serving cell quality, RAN4 has reached agreement to use the SINR as evaluation metric. Considering the SINR threshold, we prefer that the RLM threshold would be derived from the SINR value, corresponding to Qout, plus a margin X (dB). In the same way, the BFD threshold would be derived from the SINR value, corresponding to Qout_LR, plus a margin Y (dB). The margin X and Y should be determined based on simulation results for RLM and BFD respectively. Furthermore, we prefer to define the two margin as two fixed parameters indicated to UE by network.
Proposal 1: SINR threshold value for RLM / BFD relaxation should be derived from the SINR value corresponding to the Qout / Qout_LR plus a margin X / Y (dB) respectively.
For low mobility criterion, diverse opinions are proposed in last meeting. In our understanding, the R16 low mobility criterion for RRM relaxation that based on the variation of RSRP could be reused. The RSRP is easy to estimate and stable. The variation of it would better reflect the real UE mobility state. In this way, we support Option A1.
Proposal 2: The R16 low mobility criterion for RRM relaxation that based on the variation of RSRP could be reused (Option A1).
For Opinion B, as UE will not need to verify whether the low mobility criterion is fulfilled based on the channel condition, it is more concerned with network configuration. Option B1 seems to define a new UE property. We think the RLM/BFD relaxation is designed for generally UE instead of a certain type of UE. Such method might not be appropriate from our opinion. Option B2 depends on the network to accurately tell the mobility characteristic of UE. However, the legacy RLM/BFD procedure does not involve any reporting between the serving cell and the UE. The procedure is carried out by the UE itself. In this way, how the network would know the UE mobility needs further study. 
Proposal 3: RAN4 would further study the feasibility of designing low mobility criteria of RLM/BFD relaxation based on Option B2.
	Issue 2-3-6: Exiting criteria of RLM relaxation
· Background:
· Following agreement was made at last meeting [R4-2103670]: 
· “The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 or upon observed link quality degradation or mobility state change reverts to the normal RLM operation (i.e. without relaxation).”
Following additional options are listed below:
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.
Issue 2-3-7: Exiting criteria of BFD relaxation
FFS which of the following options can be used as the exiting criteria of BFD 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 threshold Thexit, which is higher than Qout_LR. 
· 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_LR. 
· Option 3: exit relaxation mode based beam failure instance indication
· Option 3a: exit upon detecting the 1 beam failure instance indication.
· Option 3b: exit after BFI_COUNTER add to the value of a new counter or a new parameter, the new counter or the new parameter is configured by network.
Other options are not precluded


Considering the exiting criteria of RLM relaxation, we prefer Option 3. Based on the current RLM operation, the indication of OOS has already implied the bad or unstable connection between the UE and the serving cell. We prefer to take full advantage of existing mechanism and minimized the additional cost. 
Option 1 and Option 2 are related to additional SINR thresholds. The thresholds need carefully evaluated, otherwise, UE would moving in and out of relaxed operation frequently, possibly leading to increased amount of evaluations of the conditions and increased power consumption.
Similar analysis to RLM, for BFD, we also prefer Option3.
Proposal 4: In considering to the full utilization of the existing procedure of RLM/BFD operation, Option 3 is preferable.
Relaxation scheme
	Issue 2-4-1: Relaxed evaluation period of RLM/BFD
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 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.
Issue 2-4-2: Are the parameters of relaxation criteria predefined or configurable
· The parameters of relaxation criteria can be configured by the network. 
· Option 1: The relaxation criteria shall be configured by the network to the UE. If the threshold (criteria) is not configured, it means the UE cannot go into relaxation mode.
· Option 2: The parameters of relaxation criterion of low mobility and entering condition of good cell quality can be configured by the network. Exit condition of good cell quality is FFS.
· Option 3: The parameters used in good serving link quality criteria are predefined. FFS other potential parameters. 


In last meeting, it was agreed that the scaling factor defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB). In our understanding, the evaluation period should be extended based on the legacy RLM/BFD requirements by considering the scaling factors, e.g. N factor, P factor, RS type, FR1 or FR2. We prefer to Option 3, the actual scaling factor need to be defined based on simulation.
Proposal 5: The relaxed RLM/BFD evaluation period is to be specified in the way of Option 3.
As for the parameters of relaxation criteria, the two relaxation criteria could be considered separately. For good serving cell quality criteria, corresponding to proposal 1, we think the margin X and Y could be predefined. For low mobility criteria, as we prefer to reuse the R16 relaxation mechanism, the parameters could be configurable by the network. Generally, if the threshold (criteria) is not configured, it means the UE cannot go into relaxation mode.
Proposal 6: For good serving cell quality criteria, the margin X and Y could be predefined. For low mobility criteria, the RSRP thresholds could be configurable by the network.
Other aspects
	Issue 2-5-4: Applicability for BFD relaxation requirement
As the legacy BFD requirement, the BFD relaxation requirement is applicable for PCell, PSCell and all configured SCells. 
Issue 2-5-2/2-5-3
· scenarios for which RAN4 is going to develop relaxation requirements for RLM/BFD is FFS
Issue 2-5-2: Exiting relaxation mode in intra-band CA/DC
· Option 1: For intra-band CA, if UE has fulfilled the criterion for operating RLM/BFD in relaxed mode in one serving cell, then it is allowed to operate RLM/BFD in relaxed mode in all other serving cells if same type of RS are used for RLM/BFD in the serving cell and other serving cells. 
· Other options are not precluded
Issue 2-5-3: Relaxation criteria in intra-band CA/DC
· Option 1: For intra-band CA, if UE meets the conditions of reverting to the normal RLM/BFD in one serving cell, it is expected the reversion operations are applied to other serving cell(s) if same type of RS are used for RLM/BFD in the serving cell and other serving cells.
· Other options are not precluded


In last meeting, the RLM/BFD measurement relaxation for intra-band CA case was discussed. As defined in RAN1 spec, the RLM operation is only supported in PCell and PSCell, while for BFD operation, which was enhanced in Rel-16, is supported in PCell, PSCell and SCell. In our understanding, the BFD operation for SCell is independent from other SCell(s) or SpCell. Thus, it is a feasible scenario that on the same band the UE does BFD on SCell while performs RLM on SpCell.
However, as company pointed out, in current TS 38.133 spec, it was clear clarified that the BFD measurement requirement could not be applicable if UE is required to perform BFD on more than 1 serving cell per band. In other words, for the case UE does BFD on SCell while performs RLM on SpCell, there would be no requirements for BFD as BFD on SpCell would be applied anyhow.
Proposal 7: Based on current RAN4 spec, the relaxation scenario for intra-band CA is not feasible.
3 Conclusion
Proposal 1: SINR threshold value for RLM / BFD relaxation should be derived from the SINR value corresponding to the Qout / Qout_LR plus a margin X / Y (dB) respectively.
Proposal 2: The R16 low mobility criterion for RRM relaxation that based on the variation of RSRP could be reused (Option A1).
Proposal 3: RAN4 would further study the feasibility of designing low mobility criteria of RLM/BFD relaxation based on Option B2.
Proposal 4: In considering to the full utilization of the existing procedure of RLM/BFD operation, Option 3 is preferable.
Proposal 5: The relaxed RLM/BFD evaluation period is to be specified in the way of Option 3.
Proposal 6: For good serving cell quality criteria, the margin X and Y could be predefined. For low mobility criteria, the RSRP thresholds could be configurable by the network.
Proposal 7: Based on current RAN4 spec, the relaxation scenario for intra-band CA is not feasible.
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