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1. Introduction
In RAN4#99-e meeting, the feasibility and performance impact of relaxing UE measurements for RLM and BFD were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the RLM/BFD relaxation methodology. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
Impact on RRM measurement
As analyzed in our contribution at the last meeting [2], we observed that the RLM/BFD-RS being relaxed can be used to do the inter-frequency/RAT RRM measurements with network configuration and UE implementation. Through such UE and network operations, the RRM measurements can be enhanced. This feature is suitable for the specific kind of UEs which fulfill the RLM/BFD relaxation criteria and have no need of power saving.
Considering that the RRM enhancement is out of RLM/BFD power saving WI scope, we would like to bring our analysis and observations here, and consider this feature for further enhancement after finishing the RLM/BFD power saving related issues.
Proposal 1: Consider the RRM enhancement after finishing the RLM/BFD power saving related issues.
2.1. Entering Relaxation criteria
Issue 1-1: Good serving cell quality criteria for RLM/BFD: the radio link quality metric for RLM
Agreements in RAN4#99-e meeting
· 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
[bookmark: _Hlk70326378]In legacy RLM/BFD, UE compares the downlink radio link quality (SINR) on all the configured RLM-RS resources with Qout/Qin. The SINR for entering relaxation criterion evaluation can reuse the SINR for radio link quality evaluation of RLM/BFD. Besides, without introducing other measurements and calculations, this reusing simplifies UE’s implementation.
Some companies proposed to add RSRP as the additional condition for BFD entering relaxation criterion. From our point of view, the RSRP could not reflect the radio link quality and beam quality directly. Besides, RSRP is used for candidate beam detection, not for beam failure detection. Therefore, we propose not to add RSRP as another additional condition for serving cell quality criterion.
Proposal 2: The definition of the SINR for entering relaxation criterion evaluation is the same with the definition of the SINR for radio link quality evaluation of RLM/BFD. 
Proposal 3: Additional RSRP condition is not needed for RLM/BFD serving cell quality criterion.
Issue 1-2: Good serving cell quality criteria for RLM/BFD: predefined or configured threshold
Agreements in RAN4#99-e meeting
· 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. 
We prefer Option A. The threshold can be based on a set of discrete threshold values. This way considers both network flexibility and signaling overhead.
Besides, there are two methods to configure the threshold:
· Configure the X(dB) and Y(dB); UE compare the SINR with the Qout + X and Qout,LR + Y which Qout and Qout,LR are based on UE implementation.
· Configure the X(dB) and Y(dB); UE compare the SINR with the configured thresholds directly. 
Both methods are fine for us as long as we choose reasonable thresholds and design test cases. For the first method, when designing the test cases, the values of Qout and Qout,LR can reuse the values in the existing RLF/BFD test cases.
Proposal 4: The thresholds are configured to the UE by the network based on a set of discrete threshold values. 
Issue 1-3: 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
First, we think at least SINR variation should be considered in low mobility criterion of RLM/BFD relaxation. We propose to define an evaluation period, to check the L3-SINR values always higher than the SINR threshold (the threshold used in serving cell quality criterion). This guarantee the stable SINR level especially when the SINR threshold for power saving relaxation is not very high. We are fine with add RSRP variation in low mobility criterion in order to indicate the mobility state. If both RSRP and SINR variation are considered, the evaluation period of RSRP variation and SINR variation can be the same.
Proposal 5: The low mobility criterion at least based on SINR variation. 
· [bookmark: _Hlk78808925]Define an evaluation period, to check the L3-SINR values always higher than the SINR threshold (the threshold used in serving cell quality criterion).
2.2. Exiting Relaxation criteria
Issue 2-1: Exiting criteria of RLM 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 
In our view, the serving cell quality exit condition should be defined. UE will continue to verify whether the serving cell quality fulfills the serving cell quality exit condition during the relaxation. In this case, we think we do not need the low mobility exit condition to monitor the SINR variation. Therefore, we propose the basic exiting criteria of RLM relaxation as follows: If the UE fulfills any of serving cell quality exit condition or DRX cycle length is not allowed for relaxation, UE will exit relaxation mode.
Proposal 6: No need to define low mobility exit condition. If the UE fulfills any of serving cell quality exit condition, or DRX cycle length is not allowed for relaxation, UE will exit relaxation mode. 
Proposal 7: UE continues to observe whether the SINR fulfills the serving cell quality exit condition during the relaxation. The observation period is equal to the SINR evaluation period.
Issue 2-2: 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
Our first preference is Option 4. We would like to leave the number of OOS to network configuration, the configuration can depend on UE sensitivity about RLF triggering latency. Considering the minimum RLF triggering delay, we are ok with UE exit when UE report 1 OOS indication, or N310 starts to count.
In order to further reduce the revert latency, we can compromise to Option 1. However, the thresholds should be careful evaluated considering the balance of power saving gain and Ping-Pong.
Proposal 8: UE exit the RLM relaxation when certain consecutive OOS indications or 1 OOS indication.
Observation 1: The threshold in Option 1 should be careful evaluated considering the balance of power saving gain and Ping-Pong.
Issue 2-2 only study the RLM relaxation revert criteria. As for the BFD relaxation revert criteria, the methodology can reuse the RLM revert method on the basis of different thresholds and/or indications.
Proposal 9: The scheme of BFD relaxation revert criteria can reuse the scheme of RLM relaxation revert criteria on the basis of different thresholds and/or indications.
2.3. During relaxation
Issue 3-1: 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. 
[bookmark: _Hlk66350794]First, we think the case may be happened even the exiting criteria is defined as a certain value higher than Qout which is Option 1 in Issue 2-2. But of course, this is not the common case. We think clarifying the related UE behavior can accomplish the relaxation scheme.
As for the candidate options, we think Option 1 and Option 3 have the same meaning, which are our preference.
Observation 2: The case that measured SINR is worse than Qout may be happened even the exiting criteria is defined as a certain value higher than Qout. However, with such exiting criteria, this is not the common case.
Observation 3: Option 1 and Option 3 correspond to same UE behavior.
Proposal 10: We prefer Option 1 and Option 3.
After reverting, in order to make sure that UE perform reliable power saving behavior, we think a period of punish time is needed to avoid UE performing the relaxed measurement when channel quality is low and unstable.
Network can configure a timer for this punish time. When the timer is active, UE couldn’t go into relaxation mode again. When the timer expires, UE can decide whether go into relaxation mode by relaxation criteria. 
[bookmark: _Hlk66351998][bookmark: _Hlk68100358]Proposal 11: After reverting, UE couldn’t go into relaxation mode again during a certain punish period, such as when a new timer is active. UE can decide whether go into relaxation mode by relaxation criteria after the timer expires. The timer can be configured by network.
Issue 3-2: Relaxed evaluation period of RLM/BFD
FFS the following options, which have been discussed in this meeting.
· [bookmark: _Hlk78817981]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.
Basically, we prefer Option1 and Option 3 as long as the total evaluation period is aligned with simulation results. Moreover, we think Option 1 should also include the definition of L1 indication period in relaxation mode. The relaxed indication period in Option 1 can be Max(10ms, Ceil([Y] x 1.5 × DRX_cycle_length, Ceil([Y] x 1.5 × TRLM-RS,M)).
As for the value of Y, we can derive an upper bound through simulation, and network can further configure the specific value considering of the upper bound.
Proposal 12: Option 1 should include the definition of L1 indication period in relaxation mode, which can be Max(10ms, Ceil([Y] x 1.5 × DRX_cycle_length, Ceil([Y] x 1.5 × TRLM-RS,M)). 
Proposal 13: The maximum value of Y can be derived by simulation under various scenarios. The practical value should be configured by network.
Proposal 14: Either Option 1(revisited) and Option 3 can be used as long as the total evaluation period after relaxation is aligned with simulation results.
2.4. Other aspects
Issue 3-2: Entering and Exiting Relaxation criteria for multiple RLM-RS/BFD-RS
· FFS
· Option 1: 
· radio link quality is better than the threshold (Qout + X1) for any RLM-RS resource. 
· 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 + X2) for all the RLM-RS resources. 
· FFS X1, X2
· Option 2: 
· radio link quality is better than the threshold (Qout + X1) for all RLM-RS resource. 
· 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 + X2) for any the RLM-RS resources. 
· FFS X1, X2
We propose Option 2 last meeting because stricter entering and exiting can guarantee relaxation measurement performance, and reduce the number of reverting behaviors. However, these two options both related to the alternatives of exiting criteria of RLM/BFD relaxation issue. Therefore, we can come back to the specific scheme after we achieving the consensus of exiting criteria.
Proposal 15: Two options may need to be revisited after we achieving the consensus of exiting criteria.
Proposal 16: The principle of Option 2 is preferred, stricter entering and exiting can guarantee relaxation measurement performance, and reduce the number of reverting behaviors.
3. Conclusion
In this contribution, we discuss the feasibility of NR power saving enhancement and RLM/BFD relaxation methodology. The proposals are:
Proposal 1: Consider the RRM enhancement after finishing the RLM/BFD power saving related issues.
Proposal 2: The definition of the SINR for entering relaxation criterion evaluation is the same with the definition of the SINR for radio link quality evaluation of RLM/BFD. 
Proposal 3: Additional RSRP condition is not needed for RLM/BFD serving cell quality criterion.
Proposal 4: The thresholds are configured to the UE by the network based on a set of discrete threshold values. 
Proposal 5: The low mobility criterion at least based on SINR variation. 
· Define an evaluation period, to check the L3-SINR values always higher than the SINR threshold (the threshold used in serving cell quality criterion).
Proposal 6: No need to define low mobility exit condition. If the UE fulfills any of serving cell quality exit condition, or DRX cycle length is not allowed for relaxation, UE will exit relaxation mode. 
Proposal 7: UE continues to observe whether the SINR fulfills the serving cell quality exit condition during the relaxation. The observation period is equal to the SINR evaluation period.
Proposal 8: UE exit the RLM relaxation when certain consecutive OOS indications or 1 OOS indication.
Observation 1: The threshold in Option 1 should be careful evaluated considering the balance of power saving gain and Ping-Pong effect.
Proposal 9: The scheme of BFD relaxation revert criteria can reuse the scheme of RLM relaxation revert criteria on the basis of different thresholds and/or indications.
Observation 2: The case that measured SINR is worse than Qout may be happened even the exiting criteria is defined as a certain value higher than Qout. However, with such exiting criteria, this is not the common case.
Observation 3: Option 1 and Option 3 correspond to same UE behavior.
Proposal 10: We prefer Option 1 and Option 3.
Proposal 11: After reverting, UE couldn’t go into relaxation mode again during a certain punish period, such as when a new timer is active. UE can decide whether go into relaxation mode by relaxation criteria after the timer expires. The timer can be configured by network.
Proposal 12: Option 1 should include the definition of L1 indication period in relaxation mode, which can be Max(10ms, Ceil([Y] x 1.5 × DRX_cycle_length, Ceil([Y] x 1.5 × TRLM-RS,M)). 
Proposal 13: The maximum value of Y can be derived by simulation under various scenarios. The practical value should be configured by network.
Proposal 14: Either Option 1(revisited) and Option 3 can be used as long as the total evaluation period after relaxation is aligned with simulation results.
Proposal 15: Two options may need to be revisited after we achieving the consensus of exiting criteria.
Proposal 16: The principle of Option 2 is preferred, stricter entering and exiting can guarantee relaxation measurement performance, and reduce the number of reverting behaviors.
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