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Introduction
In RAN4#99-e meeting, the discussion about UE power saving enhancements continued and the agreements were captured in a way forward in [1]. In this contribution we continue the discussion based on the WF.
Performance impact analysis
Delta SINR 
The delta SINR, i.e. the SINR error due to measurement relaxation, is calculated for the case that RLM+BFD measurements are relaxed with different relaxation factors (K = 2, 3, 4, 8) using SINR time traces generated as per [2]. The detailed results are presented in [2] for both SSB and CSI-RS based RLM/BFD measurements in FR1 and FR2, UE speed 3km/h and 30km/h, DRX cycles 20ms, 40ms, and 80ms and a summary of the results is shown in Table 1 for SSB-based measurements and a signal to noise ratio (SNR) of -6 dB to mimic a poor radio channel condition.
Table 1: Overview of SSB-based delta SINR for out-of-synch and in-synch with -6dB SNR.
	Delta SINR (dB) 
	Out-of-Sync (10 samples) / InSync (5 samples) 

	SSB-based, SNR:-6dB
	

	K
	Percentiles
	FR1
	FR2

	
	
	3 km/h
	30 km/h
	3 km/h
	30 km/h

	2
	max(|1%|,99%)
	2.70/3.65
	2.65/3.40
	2.20/30
	2.15/2.95

	
	max(|5%|,95%)
	1.90/2.45
	1.80/2.18
	1.43/1.92
	1.50/2.02

	4
	max(|1%|,99%)
	3.40/4.85
	3.75/4.70
	2.70/3.55
	2.55/3.45

	
	max(|5%|,95%)
	2.23/3.15
	2.48/3.15
	1.93/2.35
	1.75/2.35

	8
	max(|1%|,99%)
	3.90/5.40
	3.40/5.30
	2.85/4.35
	2.90/4.15

	
	max(|5%|,95%)
	2.83/3.60
	2.42/3.5
	2.05/2.95
	2.00/2.82



An SINR error below 3 dB is observed for any factor K when taking 10 samples, whereas the error is larger for 5 samples, as expected, because of reduced accuracy. The UE’s capability to receive the DL signal under more challenging radio channel conditions is dependent on UE’s receiver implementation, hence, the acceptable SINR error may be dependent on UE implementation and cannot be uniquely defined. Such error can be tolerated if relaxation is applied conservatively (e.g. if SINR> SINRQin, where SINRQin + SINRerror > SINRQout).
[bookmark: _Hlk79161202]SINR error of more than 3dB is observed for scaling factor 8. 
RAN4 to discuss what is the acceptable SINR error to determine the maximum allowed scaling factor (i.e. SINR difference between relaxation and without relaxation) 
Additional delay in RLF triggering
The additional delay introduced in triggering the RLF declaration is provided in [2]. Depending on the relaxation scheme the additional delay can be different. The relaxation scheme may be applying the relaxation factor to the evaluation period, i.e. extending the evaluation period by scaling factor K, or applying the relaxation factor to the no. of samples during the Release 16 specified evaluation period by reducing the no. of samples by scaling factor K. The exact delay in RLF declaration is also dependent on UE implementation like when measurement relaxation is exited and OoS indication to higher layers.
[bookmark: _Hlk71673902]In case the relaxation is obtained by applying the relaxation factor, K, to the out of synch. evaluation period, TEvaluate_out_SSB and exiting at first OOS indication, the maximum additional delay introduced in RLF declaration, which is equal to the additional delay of the 1st OoS evaluation, can be given as function of K and is equal to (K-1) x TEvaluate_out_SSB.
In case the relaxation is obtained by applying the relaxation factor, K, to the out of synch. evaluation period, TEvaluate_out_SSB and exiting at first measured SINR < Qout, the maximum additional delay introduced in RLF declaration, which is equal to the delay in observing the first occurrence of SINR < Qout, can be given as function of K and is equal to K x TDRX.
In case relaxation is obtained by reducing the number of measurement samples collected during an evaluation period with equidistant sampling, while the evaluation period is not changed (i.e. not relaxed), there is no additional delay in RLF declaration.
In case relaxation is obtained by reducing the number of measurement samples collected during an evaluation period with non-equidistant sampling, while the evaluation period is not changed (i.e. not relaxed), the additional delay depends on where the out-of-sync may be observed and can in worst case be one half of the evaluation period, i.e. TEvaluate_out_SSB.
RAN4 needs to discuss the maximum scaling factor, K, corresponding to the acceptable delay in RLF declaration.
Other system level performance metrics
[bookmark: _Hlk68118400]In [3] we had presented UE’s increased time of outage, SINR, and increased RLF and handover failure rate (HOF) in FR1.   In [2] these same KPIs are provided for FR2  in addition to FR1.The time of outage is counted whenever the SINR of hypothetical PDCCH BLER (see Table 8.1.1-1 of TS 38.133) falls below the out-of-synch threshold, Qout. It is observed from the results in [2] that there is significant increase in the time of outage for both FR1 and FR2 when a larger relaxation factor K (e.g. 4 or 8) is applied at higher speed (e.g. 30 km/h) and it further increases if RRM measurements are also relaxed. Simulation results presented in [2] also show higher percentage of RLF and HOF when RRM measurements are also relaxed.
[bookmark: _Hlk79161317]The time the UE spends in outage increases when the relaxation factor for RLM and BFD measurements increases due to the late detection of failure and initiating the recovery procedure. The increase is much more significant if RRM measurements are also relaxed.
The percentage of RLF and HOF increases significantly if RRM measurements are also relaxed and the increase is more significant in FR2.
RAN4 needs to consider impact on system level performance like time of outage and percentage of RLF and HOF is relaxation of RRM measurements is also allowed.
Entering Relaxation criteria 
Relaxation scenarios
[bookmark: _Hlk74666464][bookmark: _Hlk75434224]In RAN4#98bis-e meeting, it was agreed that both the serving cell quality and UE mobility state may be used as the criteria where the UE is allowed to perform relaxed RLM/BFD measurements. In RAN4#99-e meeting, the UE behaviour onwhen the criteria are configured separately or in combination was further discussed, but no consensus were reached.  
Issue 2-1-1a: Relaxation when neither serving cell quality criteria nor low mobility criteria is configured
Issue 2-1-1b: Relaxation when only serving cell quality criterion is configured
Issue 2-1-1c: Relaxation when both serving cell quality criteria and low mobility criteria are configured


We believe that it should be up to network to configure whether only one criterion is used or both criteria are used separately, or both are to be used combined. This is also aligned with Rel16 relaxation criteria in idle and inactive mode. Based on this we would have 4 different configuration scenarios:
1) UE shall only use low mobility criteria
2) UE shall only use serving cell quality criteria
3) UE shall use low mobility criterion or serving cell quality criteria
4) UE shall use low mobility criteria and serving cell quality criteria
It is up to network to configure whether only one criterion is used (either low mobility criterion or good serving cell quality criterion) or both criteria are used separately, or both are to be used in combination e.g. to enter relaxation.
If neither of the low mobility and good serving cell quality criteria is configured by the network, how the UE performs the measurements can be up to UE implementation. But the network would assume the UE is not performing relaxed RLM/BFD measurements and the existing RLM/BFD requirements shall apply. 
Proposal 5: If neither of the low mobility and good serving cell quality criteria is configured, the network would assume the UE is not performing relaxed RLM/BFD measurements and the existing RLM/BFD requirements shall apply.
In addition, it was also agreed that RLM/BFD relaxation is applicable for DRX <=80ms. It is still open if the requirements need to be adapted for longer DRX cycles. In our views, if the UE applies a DRX cycle longer than 80ms, the UE is assumed not to perform relaxed RLM/BFD measurements, therefore, the existing RLM/BFD requirements would apply. 
Issue 2-2-6: DRX cycle applicability
· Relaxation is applicable for DRX<=80ms.
· FFS adjustment to other DRx cycles is needed to keep the monotonicity of DRx cycles w.r.t. evaluation time 
· FFS Maximum relaxation factor should be related to DRX cycle and RS periodicity.


Proposal 6: If the UE applies a DRX cycle longer than 80ms, the UE is assumed not to perform relaxed RLM/BFD measurements and the existing RLM/BFD requirements would apply. 
As the relaxation is applicable only for DRX <=80ms, it may not be clear which DRX cycle it refers to when the UE is configured with short DRX. For instance, if the UE is configured with a DRX cycle of 320ms and a short DRX cycle of 80ms, the relaxation still apples when the short DRX cycle is being applied. It would be helpful to clarify the applicability of DRX cycle in the evaluation period table, e.g. by adding a note “TDRX is the DRX cycle length being applied”.   
Proposal 7: Clarify the definition of DRX cycle in the evaluation period table by adding a note “TDRX is the DRX cycle length being applied”.
Low mobility criteria
Following the agreements from last RAN4 meeting below, use of the low mobility criterion and the relevant parameters shall be determined and configured to UE by the network. The UE will verify if the low mobility criterion is fulfilled and perform relaxed RLM/BFD measurements accordingly. 
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


The low mobility criterion has been defined for UE measurements in idle/inactive mode in Rel16. The UE may choose to perform relaxed measurements if the criterion (SrxlevRef – Srxlev) < SSearchDeltaP is fulfilled, where Srxlev is derived based on SS-RSRP. Although it was defined for idle and inactive mode RRM measurement relaxation, we think that the criteria and the principle can be applied to the UE RLM/BFD measurements in connected mode. Therefore, the principle of Rel-16 SS-RSRP variation based low mobility criterion can be reused for Rel-17 power saving UEs in connected mode. If RAN4 could conclude with this approach, an LS shall be sent to RAN2 asking for the feasibility and confirming the RAN4 decision. 
Proposal 8: The Rel16 SS-RSRP variation based low mobility criterion can be reused for Rel-17 power saving UEs in connected mode. 
However, the SS-RSRP variation alone may not be sufficient to determine the UE in low mobility as the mobility status also depends on other factors e.g. cell size, UE mobility pattern, etc. Especially in beam-based deployments, the “mobility state” is determined more by the change in downlink signal e.g. based on beam-specific SSB measurements and whether the UE stays within a specific coverage area. As an example, regardless of the UE velocity, if the UE stays within the coverage area of given cell or SSB for a defined time, it can be assumed to be in mobility sense stationary or low mobility state. In this sense, the change in serving beam i.e. based on the measurements on SSB signals can be taken as another low mobility criterion, which can be used separately or in combination with the Rel16 low mobility criterion. It is up to network to configure which of the low mobility criteria are to be used. The UE would evaluate the condition(s) based on the configuration and starts relaxed RLM/BFD measurements if the condition(s) are fulfilled.  
[bookmark: _Ref1038682][bookmark: _Ref16509644]Proposal 9: RAN4 additionally to define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change). 
Proposal 10: It is up to network to configure if the low mobility criteria is based on SS-RSRP variation or TCI change, or the two in combination.
Additionally, as this WI is for connected mode, the network may have more information relevant to the UE mobility e.g. device capability and service type. Based on the information, the network could explicitly configure the UE when the UE is allowed to perform relaxed RLM/BFD measurements.
Proposal 11: Allow dedicated signalling to configure the UE when it is allowed to relax the RLM/BFD measurements.
Good serving cell quality criteria
As discussed also in last meeting, RAN4 would initially need to agree on which metric is used as serving cell quality. When looking at the current RLM/BFD evaluation in TS 38.133, this is done based on BLER level:
The UE shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS resource(s) in order to detect the downlink radio link quality of the PCell and PSCell as specified in TS 38.213 [3].
The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to the out-of-sync block error rate (BLERout) as defined in Table 8.1.1-1. For SSB based radio link monitoring, Qout_SSB is derived based on the hypothetical PDCCH transmission parameters listed in Table 8.1.2.1-1.
The RLM evaluation (and similarly for BFD) is based on a UE specific estimation on when the link quality is such that the estimated UE receiver performance will lead to a BLER level higher than BLERout (10%). This means that there is no specific network configured threshold (in dB) and this allows for UE receiver implementation optimizations ensuring that UEs with good implementation can benefit from such optimizations. Similar principle should be maintained also when UE is allowed RLM/BFD measurement relaxation. Hence, RAN4 can use same principles as currently used, and keep the UE receiver performance agnostic to the network. 
The specific conditions when UE experiences BLER level of 10% is not known by network and the same will be the case if RAN4 decides to use existing BLER level assumptions plus a certain offset of X or Y (dB). From our point of view, it will be very difficult for the network to know which X or Y would be useful for a certain UE as the overall UE receiver performance is unknown to the network. Therefore, the existing evaluation principle can be reused for entering relaxation measurements. This gives one option of defining the good serving cell quality criteria.
One option of defining the good serving cell quality criteria is to reuse existing evaluation principle i.e. the UE is allowed to perform relaxed measurements if the downlink radio link quality is better than a threshold. 
In last meeting, RAN4 agreed to use SINR as the serving cell quality for RLM/BFD evaluation. However, there is no definition of SINR. In 38.215 we have a definition of SS-SINR and CSI-SINR. Hence, we see that we have two options: Either RAN4 initiates work related to defining SINR or RAN4 uses SS-SINR and CSI-SINR. Our preference is to use the SS-SINR and CSI-SINR. Defining SINR, accounting also the UE receiver performance has so far not been possible and we do not think it would be possible in this WI either. If SS-SINR/CSI-SINR is concluded to be the metric, the network is able to configure proper threshold of good serving cell quality 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 2-2-3a: Entering relaxation threshold of good serving cell quality criteria: for SSB based RLM 
· Proposals
· Option 1: SINR > Qout + XdB, where X dB is margin. (Huawei, Xiaomi, Ericsson,  Intel, vivo)
· Option 1a: X = 10dB (Huawei)
· Option 1b: X = (Qin – Qout) + margin (Intel)
· Option 1c: FFS X (Ericsson)
· Option 2: If option 1 in 2-2-2 is agreed, no need to discuss 2-2-3a (QC)



Another option of defining the good serving cell quality criteria is to use SS-SINR/CSI-SINR with a network configured threshold i.e. the UE is allowed to perform relaxed measurements if SS-SINR/CSI-SINR is better than XdB.
As discussed above, the following two options are applicable to define the good serving cell quality criteria. RAN4 shall discuss which of the options is adopted: 
· Option1: reusing current RLM/BFD evaluation principle i.e. downlink radio link quality > threshold  
· Option 2: SS-SINR > XdB, wherein X is configured by network. 
Proposal 12: RAN4 to use either of the two options to define the good serving cell quality criteria:
· Option 1: reusing current RLM/BFD evaluation principle i.e. downlink radio link quality > threshold  
· Option 2: SS-SINR > XdB, wherein X is configured by network. 
Exit criteria from RLM/BFD measurement relaxation
In last RAN4 meeting, the following agreements were reached on the basic exit criteria. It is FFS if the exit conditions are explicitly specified. It has also been decided to define additional criteria for reverting from relaxed RLM/BFD measurement mode to non-relaxed mode. Several options were listed in last RAN4 meeting for the criteria for reverting to normal RLM/BFD operation, and no agreement was made yet.
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 




In our view, it is important to minimize negative system level performance due to relaxed RLM/BFD measurements as much as possible. Therefore, it should be ensured that the UE will revert to normal RLM/BFD measurements when the conditions which may lead to negative system level performance occur. 
In general, in case UE is applying RLM/BFD measurement relaxation, if there are a certain number of Qout occurrences during the RLM/BFD evaluation period, the UE shall revert to non-relaxed mode. Hence, the UE applying relaxed RLM/BFD measurements shall revert to non-relaxed RLM/BFD measurements if during the evaluation period there is a certain number of Qout occurrences. Typically, the 1st Qout can be used to trigger the exit from relaxed measurement.
Proposal 13: UE shall revert to non-relaxed RLM/BFD measurement at e.g. the 1st Qout occurrence based on relaxed RLM/BFD measurements and evaluation period. 
When the UE is performing relaxed RLM/BFD measurement, it is assumed to perform less measurements within a certain time period. This may lead to the following options to define the requirements for relaxed RLM/BFD measurements: 
· Option 1: relax (increase) the evaluation period while assuming the same number of samples as in normal RLM/BFD
· Option 2: relax (reduce) the number of RLM/BFD measurement samples performed during the evaluation period, and maintaining the evaluation period the same as in normal RLM/BFD measurements 
For Option1, a longer evaluation period is expected to estimate the downlink radio channel quality. This may introduce additional delay to RLF declaration, hence, degrade the system performance. For Option 2, it keeps the robustness of the Qout evaluation as well as the RLF declaration, however the measurement performance may be affected due to a smaller number of samples. The exact number of samples used by the UE to evaluate RLM in relaxed measurement can be left for UE implementation. Hence the relaxation factor does not need to be specified in option 2. As both of the options enable power saving, RAN4 shall discuss how to define the requirements for relaxed RLM/BFD measurements.  
Proposal 14: RAN4 to discuss the alternative options of relaxed RLM/BFD measurement behaviour:
· Option 1: relax the evaluation period while assuming the same number of samples as in normal RLM/BFD
· Option 2: relax the number of RLM/BFD measurement samples performed during the evaluation period, and maintaining the evaluation period the same as in normal RLM/BFD measurements 
To prevent false triggers of RLM based on misalignment of the assumed UE RLM/BFD measurement performance, the Out-of-Sync indications sent to upper layers may need to be based on the normal non-relaxed measurements. As the UE is performing relaxed RLM/BFD measurement before a certain number of Qout occur, we need to discuss if the OoS indication based on these Qout shall be indicated to high layers.  
Proposal 15: RAN4 need discuss if the OoS indication based on the Qin/Qout during relaxed measurements shall be indicated to high layers. 
When the UE is performing relaxed RLM/BFD operation, it could be considered whether UE would use the same configured values for e.g. RLF as used for non-relaxed measurements, or whether some parameters should be adapted/changed for the relaxed operation to ensure the UE will exit relaxation sufficiently early and avoid radio link failure. That is, the network may configure the UE with different values of the RLF parameters, i.e. T310/N310/N311 to be applied when the UE is in measurement relaxation mode compared to the values that are used in normal (not relaxed) RLM operation. By applying for example different T310/N310/N311 values in relaxed RLM mode, it is possible to compensate for the negative implications to the system performance.
[bookmark: _Hlk71293504]Proposal 16: It should be allowed for the network to configure different values of the RLF parameters, e.g. T310/N310/N311, for the relaxed operation to reduce the negative impact to the system performance.   
Conclusion
Observation 1: SINR error of more than 3dB is observed for scaling factor 8. 
Proposal 1: RAN4 to discuss what is the acceptable SINR error to determine the maximum allowed scaling factor (i.e. SINR difference between relaxation and without relaxation) 
Observation 2: In case the relaxation is obtained by applying the relaxation factor, K, to the out of synch. evaluation period, TEvaluate_out_SSB and exiting at first OOS indication, the maximum additional delay introduced in RLF declaration, which is equal to the additional delay of the 1st OoS evaluation, can be given as function of K and Max(TDRX,TSSB) and is equal to (K-1) x TDRX.
Observation 3: In case the relaxation is obtained by applying the relaxation factor, K, to the out of synch. evaluation period, TEvaluate_out_SSB and exiting at first measured SINR < Qout, the maximum additional delay introduced in RLF declaration, which is equal to the delay in observing the first occurrence of SINR < Qout, can be given as function of K and is equal to K x TDRX.
Observation 4: In case relaxation is obtained by reducing the number of measurement samples collected during an evaluation period with equidistant sampling, while the evaluation period is not changed (i.e. not relaxed), there is no additional delay in RLF declaration.
Observation 5: In case relaxation is obtained by reducing the number of measurement samples collected during an evaluation period with non-equidistant sampling, while the evaluation period is not changed (i.e. not relaxed), the additional delay depends on where the out-of-sync may be observed and can in worst case be one half of the evaluation period, i.e. TEvaluate_out_SSB.
Proposal 2: RAN4 needs to discuss the maximum scaling factor, K, corresponding to the  acceptable delay in RLF declaration.
Observation 6: The time the UE spends in outage increases when the relaxation factor for RLM and BFD measurements increases due to the late detection of failure and initiating the recovery procedure. The increase is much more significant if RRM measurements are also relaxed.
Observation 7: The percentage of RLF and HOF increases significantly if RRM measurements are also relaxed and the increase is more significant in FR2.
Proposal 3: RAN4 needs to consider impact on system level performance like time of outage and percentage of RLF and HOF is relaxation of RRM measurements is also allowed.
Proposal 4: It is up to network to configure whether only one criterion is used (either low mobility criterion or good serving cell quality criterion) or both criteria are used separately, or both are to be used in combination e.g. to enter relaxation.
Proposal 5: If neither of the low mobility and good serving cell quality criteria is configured, the network would assume the UE is not performing relaxed RLM/BFD measurements and the existing RLM/BFD requirements shall apply.
Proposal 6: If the UE applies a DRX cycle longer than 80ms, the UE is assumed not to perform relaxed RLM/BFD measurements therefore the existing RLM/BFD requirements would apply. 
Proposal 7: Clarify the definition of DRX cycle in the evaluation period table by adding a note “TDRX is the DRX cycle length being applied”.
Proposal 8: The Rel16 SS-RSRP variation based low mobility criterion can be reused for Rel-17 power saving UEs in connected mode. 
Proposal 9: RAN4 additionally to define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change). 
Proposal 10: It is up to network to configure if the low mobility criteria is based on SS-RSRP variation or TCI change, or the two in combination.
Proposal 11: Allow dedicated signalling to configure the UE when it is allowed to relax the RLM/BFD measurements.
Observation 8: One option of defining the good serving cell quality criteria is to reuse existing evaluation principle i.e. the UE is allowed to perform relaxed measurements if the downlink radio link quality is better than a threshold. 
Observation 9: Another option of defining the good serving cell quality criteria is to use SS-SINR/CSI-SINR with a network configured threshold i.e. the UE is allowed to perform relaxed measurements if SS-SINR/CSI-SINR is better than XdB.
Proposal 12: RAN4 to use either of the two options to define the good serving cell quality criteria:
· Option 1: reusing current RLM/BFD evaluation principle i.e. downlink radio link quality > threshold  
· Option 2: SS-SINR > XdB, wherein X is configured by network. 
Proposal 13: UE shall revert to non-relaxed RLM/BFD measurement at e.g. the 1st Qout occurrence based on relaxed RLM/BFD measurements and evaluation period. 
Proposal 14: RAN4 to discuss the alternative options of relaxed RLM/BFD measurement behaviour:
· Option 1: relax the evaluation period while assuming the same number of samples as in normal RLM/BFD
· Option 2: relax the number of RLM/BFD measurement samples performed during the evaluation period, and maintaining the evaluation period the same as in normal RLM/BFD measurements 
Proposal 15: RAN4 need discuss if the OoS indication based on the Qin/Qout during relaxed measurements shall be indicated to high layers. 
Proposal 16: It should be allowed for the network to configure different values of the RLF parameters, e.g. T310/N310/N311, for the relaxed operation to reduce the negative impact to the system performance.   
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