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1 Introduction
In RAN4#99-e meeting, the WF on RLM/BFD relaxation for UE power saving enhancements was approved in [1]. In this paper, we provide further discussions on the RLM and/or BFD measurement relaxation.
2 Discussion
Relaxation criteria
	Issue 2-2-1: Good serving cell quality criteria for RLM/BFD: the radio link quality metric for RLM
· UE reuse the SINR for RLM/BFD evaluation when determine whether the serving cell quality criteria is fulfilled or not
· FFS what is the SINR definition 
· FFS whether RSRP is also needed for RLM/BFD as additional condition
Issue 2-2-2: Good serving cell quality criteria for RLM/BFD: predefined or configured threshold
· Option A: The thresholds are configured to the UE by the network
·  FFS: based on a set of discrete threshold values.
· Option B: The thresholds can be pre-defined. 
Issue 2-2-5/2-2-6: Low mobility criteria of RLM/BFD relaxation
· UE verifies whether the low mobility criterion is fulfilled or not based on the RSRP variation and/or SINR variation, provided that the variation thresholds are configured by the NW.
· FFS the variation thresholds for low mobility criterion
· Option 1: RSRP variation 
· Option 2: SINR variation
· Option 3: RSRP variation and SINR variation.
· FFS how to calculate the variation


For the criterion of good serving cell quality, RAN4 has reached agreement to use the SINR as evaluation metric. In current RLM/BFD operation, UE compares the SINR of the configured RLM/BFD-RS to an internal threshold Qout/Qout_LR, which maps the BLER of a hypothetical PDCCH. In this way, the SINR that UE used to compare with the Qout/Qout_LR could be reuse for the evaluation of RLM/BFD relaxation.
Proposal 1: The SINR that used to compare with the Qout/Qout_LR would be used for the evaluation of the serving cell quality criteria.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As the mapping between the SINR and the BLER depends on what receiver the UE implemented, it is proposed not to define the SINR thresholds for relaxation as a fixed value. The RLM relaxation threshold could be derived from the UE specific Qout plus a margin X (dB). In the same way, the BFD threshold would be derived from the Qout_LR plus a margin Y (dB). The margin X and Y would be determined based on simulation results for RLM and BFD respectively. Furthermore, we propose the two margin, X and Y, to be defined as two fixed parameters indicated to UE by network.
Proposal 2: SINR threshold value for RLM / BFD relaxation could be derived from the SINR value corresponding to the Qout / Qout_LR plus a margin X / Y (dB) respectively.
Proposal 3: The margin X and Y could be pre-defined or defined as a set of discrete threshold values by the network 
For low mobility criterion, as the RLM/BFD operation depend on the SINR estimation, it would be more straightforward to consider the SINR variation for the low mobility criterion.
Proposal 4: The R17 low mobility criterion could be defined based on the SINR variation.
	Issue 2-3-1: Exiting criteria of RLM/BFD relaxation – Basic
· If the UE fulfills any of serving cell quality exit condition or low mobility exit condition, or DRX cycle length is NOT allowed for relaxation, UE will exit relaxation mode.
· Note1: Whether the exit condition for serving cell quality is explicitly specified or not is up to issue 2-3-2.
· Note2: FFS the details of the exit condition of low mobility’
· FFS the observation period for the exiting criteria 
Issue 2-3-2: Exiting criteria of RLM relaxation – Additional 
FFS the following options, which have been discussed in this meeting.
· Option 1: exit relaxation mode when the radio link quality of the serving cell is worse than a certain threshold, which is higher than Qout.
· Option 1a: a hysteresis value could be used to avoid ping-ping effect, e.g. SINRexit = SINRenter - 3dB 
· Option 1b: SINRexit = Qout + 7dB 
· Option 1c: SINRexit = Qout +Margin or SINRexit = Qin  
· Option 1d: The threshold can be configured by network with margin 
· Option 2: exit relaxation mode when the radio link quality is worse than Qout, and the UE is still in the relaxation mode when the radio link quality is better than Qout. 
· Option 2b: UE shall revert to non-relaxed RLM/BFD measurement and evaluation period at the 1st Qout based on relaxed RLM/BFD measurements and evaluation period. 
· Option 3: Leave the fall back mechanism as UE implementation, as long as UE makes sure it has already fallen back to normal measurement if it has identified one out-of-sync indication.
· Option 4: exit when certain consecutive out-of-sync indications


Considering the exiting criteria of RLM relaxation, diverse opinions are proposed in last meeting. In our understanding, these options are not incompatible. 
As RAN4 agreed to define SINR threshold value for RLM / BFD relaxation, e.g. SINRenter, it is reasonable to exit the relaxation mode when the measured SINR value is below the SINRenter. Option 1a introduces a hysteresis value, which we think is a robust way to avoid the ping-pong effect. The other options below Option 1 are related to other additional SINR thresholds. These thresholds need to be evaluated carefully and the association with SINRenter, 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. In this way, Option 1a is preferable. 
Proposal 5: UE would exit relaxation mode when the radio link quality of the serving cell is worse than the SINRenter with a hysteresis value.
During Relaxation
	Issue 2-4-0: UE behaviour when the measured SINR is worse than Qout during the relaxation mode
FFS whether it would happen if the threshold for exiting criteria is defined as a certain value higher than Qout
FFS the following options 
· Option 1: 
· UE is required to send the first OOS indication to higher layers and required to start N310 immediately 
· The evaluation period of the first OOS indication is the relaxed evaluation period in the relaxation mode.  
· For information, assuming the relaxation factor is K, 
· the fist OOS evaluation period is K*T_evaluate_out_SSB, 
· the observation period for the exit criteria is K*T_evaluate_out_SSB. 
· Option 2: 
· UE is not required to send the first OOS indication to higher layers.
· The OOS indication based on relaxed measurement is not sent to higher layers.
· After exit, UE is required to send the first OOS indication after normal evaluation period if SNR<Qout. The evaluation period of the first OOS indication is the summation of the evaluation period in the relaxation mode + normal evaluation period. 
· For information, assuming UE is applying RLM/BFD measurement relaxation
· given the fist OOS evaluation period is 2*T_evaluate_out_SSB, 
· the observation period for the exit criteria is T_evaluate_out_SSB. The power saving gain when applying RLM/BFD relaxation is achieved by using less samples for exit criteria evaluation. Measurement accuracy needs to be investigated. 
· Option 3: UE follows the legacy behaviour for sending OoS indications. 
Issue 2-4-2: Relaxed evaluation period of RLM/BFD
FFS the following options, which have been discussed in this meeting.
· 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.
Issue 2-4-3: Relaxation scheme and specification impact
FFS
· Option 1: Relaxed RLM/BFD requirements are introduced in new subsections within the existing RLM/BFD sections TS 38.133. 
· Option 2: no new subsection only for short DRX
Issue 2-4-4a: Different Relaxation factors between FR1 and FR2
· Different Relaxation factors are allowed for FR1 and FR2. 
· FFS whether to apply different relaxation factors for SSB and CSI-RS based evaluations in FR2 



In last meeting, the issue of UE behavior when the measured SINR is worse than Qout during the relaxation mode was raised. As we support Option 1a for the issue 2-3-2, from our perspective, the UE would exit the relaxation mode when the measured SINR is worse than Qout. In this way, UE would follow the legacy behavior for sending OoS indications. 
Proposal 6: UE would follow the legacy behavior for sending OoS indications when the measured SINR is worse than Qout during the relaxation mode.
For the relaxed RLM/BFD evaluation periods, we held the view that 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 7: The relaxed RLM/BFD evaluation period is to be specified in the way of Option 3.
Other aspects
	Issue 2-5-1/2: Entering and exiting relaxation mode in intra-band CA
· FFS
· For intra-band CA with CSI-RS based RLM/BFD, if UE has fulfilled the criterion for operating RLM/BFD in relaxed mode in all serving cells, then it is allowed to operate RLM/BFD in relaxed mode in all other serving cells if same type of RS (CSI-RS) are used for RLM/BFD in the serving cell and other serving cells. 
· For intra-band CA with CSI-RS based RLM/BFD, if UE meets the conditions of reverting to the normal RLM/BFD in any of the serving cells, it exists the relaxation mode in all other serving cell(s) if same type of RS (CSI-RS )are used for RLM/BFD in the serving cell and other serving cells. 


[bookmark: OLE_LINK1]The issue of RLM/BFD measurement relaxation for intra-band CA case was discussed in last meeting. The RLM operation is only supported in SpCell, while BFD operation is supported in both SpCell and SCell. In our understanding, the BFD operation for SCell is independent from other SCell(s) or SpCell. Then it is a feasible scenario that in the same band the UE does BFD on SCell while performs RLM on SpCell.
[bookmark: _GoBack]In last meeting, company mentioned that the RRM requirements follow the two searchers assumption. After checking the related requirements, for the case when RLM and BFD not using the same measurement RS, it is potential that RLM performed in PSCell while BFD performed in SCell in the same band. And it is not conflict with the current spec that the BFD requirements could not be applicable if UE is required to perform beam failure detection on more than 1 serving cell per band.
Observation 1: For the case when RLM and BFD not using the same measurement RS, it is potential that RLM performed in PSCell while BFD performed in SCell in the same band.
Proposal 8: The current proposal for the issue of entering and exiting relaxation mode in intra-band CA is feasible.
3 Conclusion
Proposal 1: The SINR that used to compare with the Qout/Qout_LR would be used for the evaluation of the serving cell quality criteria.
Proposal 2: SINR threshold value for RLM / BFD relaxation could be derived from the SINR value corresponding to the Qout / Qout_LR plus a margin X / Y (dB) respectively.
Proposal 3: The margin X and Y could be pre-defined or defined as a set of discrete threshold values by the network 
Proposal 4: The R17 low mobility criterion could be defined based on the SINR variation.
Proposal 5: UE would exit relaxation mode when the radio link quality of the serving cell is worse than the SINRenter with a hysteresis value.
Proposal 6: UE would follow the legacy behavior for sending OoS indications when the measured SINR is worse than Qout during the relaxation mode.
Proposal 7: The relaxed RLM/BFD evaluation period is to be specified in the way of Option 3.
Observation 1: For the case when RLM and BFD not using the same measurement RS, it is potential that RLM performed in PSCell while BFD performed in SCell in the same band.
Proposal 8: The current proposal for the issue of entering and exiting relaxation mode in intra-band CA is feasible.
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