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Introduction
In the meeting RAN2#100, RAN2 has discussed about the relaxed monitoring for cell reselection in NB-IoT and MTC [1]. In this paper, we discuss remaining issues of the relaxed monitoring.
Discussion
In the meeting RAN2#100, triggering condition and procedure of relaxed monitoring has discussed and following agreements have made [1]: 
	· Relaxed Monitoring Requirements for neighbour cell detection and measurements are applied when the following condition apply Srxlev.Ref - Srxlev < Srxlev.Delta. Otherwise the UE perform neighbour cell detection and measurements according to current requirements. 

· The UE sets Srxlev.Ref = Srxlev when a new serving cell has been selected or reselected to. 
· When the UE applies relaxed monitoring, there will be periodic triggering of neighbor cell detection and measurements, and the period is hardcoded to 24h
· The RSRP delta value range is {dB6, dB9, dB12, dB15} dB with default 6 dB
· All UEs capable of relaxed monitoring can apply it in cells where it is configured by broadcast signalling. 
· Relaxed monitoring applies to both intra-frequency and inter-frequency. 
· Introduce relaxed monitoring for UE that are Cat M1 M2 or are capable of CE. 


To realize the UE entering stationary state, serving cell RSRP variation is used for relaxed monitoring criterion. If Srxlev has varied less than a threshold (e.g., SrxlevDelta), the UE enters stationary state.
Observation 1: Relaxed monitoring for neighbor cell measurement is applied when the following condition is satisfied:

"SrxlevRef - Srxlev < SSearchDeltaP"

According to the latest idle mode specification describing relaxed monitoring criterion [2], as soon as a UE satisfies the relaxed monitoring criterion and less than 24 hours have passed since measurements for cell reselection were last performed, the UE can perform measurement relaxation on intra-frequency and inter-frequency neighbor cells. However, we need to discuss about the cases when the NB-IoT UE is entering/leaving the relaxed monitoring.
1. Temporary stationary UEs

Suppose an NB-IoT UE consistently moving around and then sometimes stops for a while. When the UE stops, it may satisfy the relaxed monitoring criterion and then enters relaxed monitoring. However, soon the UE will start to move again, then it might keep measurement relaxation until serving cell RSRP varies more than a threshold. Even though the UE stops for a moment, it should stop performing neighbor cell measurement, and then resume again. In order to prevent this ping-pong for entering and leaving the relaxed monitoring, we need a concept of hysteresis value which is used in measurement report triggering, specified in [3].
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Figure 1: Temporary stationary UEs scenario
Observation 1: For temporarily stationary UEs to prevent entering relaxed monitoring for a moment, additional condition is required for entering relaxed monitoring

2. Semi-permanently stationary UEs
On the contrary to the first case, we can consider a semi-permanently stationary UE (i.e. a UE which does not move for a few days and then moves slightly for a moment). Being in a stationary state for a long time, the UE just needs to perform neighbor cell measurement every 24 hours. After long time measurement relaxation, when the UE moves for a while, we need to prevent the UE for leaving relaxed monitoring. It is very useless to perform neighbor cell measurement because the UE may stop soon and then stay at the place for a long time. 




Figure 2: Semi-permanently stationary UE scenario
Observation 2: To prevent semi-permanently stationary UEs to stop relaxed monitoring for a moment, additional condition is required for leaving relaxed monitoring.
3. Temporary channel variation
When a UE is performing relaxed monitoring, measured serving cell RSRP is only affected by channel condition. In the figure 3, if a truck parks between the UE and its serving cell, even though the UE is still not moving, the measured serving cell RSRP may decrease just for a while. If the truck is still parking, the measured serving cell RSRP is constant, or if the truck moves away, the serving cell RSRP might increase, and then the serving cell quality becomes constant soon. Therefore, when the serving cell RSRP varies, the UE should not leave the relaxed monitoring right away, but observe whether it varies repeatedly or not.




Figure 3: Temporary channel variation scenario
Observation 3: For the case of temporary channel condition variation, the UE should not leave the relaxed monitoring right away when measured serving cell RSRP variation is detected.
In order to prevent the UEs to enter/leave the relaxed monitoring temporarily as discussed in observation 1~3, we propose to enter/leave the relaxed monitoring when the entering/leaving condition is satisfied consecutively for a configured certain time period.
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Figure 4: Relaxed monitoring criterion evaluation in a row
In the figure 4, a UE is moving so relaxed monitoring criterion is not satisfied repeatedly (red circles). When it is satisfied, (blue circles) the UE does not enter the relaxed monitoring right away but waits for next serving cell RSRP measurement in order to observe whether the criterion is still satisfied within a certain time. If the criterion is satisfied again, the UE starts to perform relaxed monitoring.
Proposal 1: The UE enters/leaves relaxed monitoring when entering/leaving condition is satisfied consecutively within a configured certain time period.
When a UE which supports relaxed monitoring selects or reselect to a new serving cell, it sets Srxlev.Ref with latest serving cell RSRP, Srxlev. After camping on, if the serving cell is not changed, the Srxlev.Ref shall be updated. In NB-IoT environment, as cell change does not occur frequently enough and the relaxed monitoring criterion is based on serving cell RSRP variation, also update condition for Srxlev.Ref seems to be triggered by serving cell RSRP variation
Observation 4: Update condition of SrxlevRef seems to be determined by recent serving cell RSRP change
After the UE sets SrxlevRef = Srxlev after camping on a new serving cell, we propose to update SrxlevRef when Srxlev has varied more than a threshold. Let’s name the threshold SUpdate. If the Srxlev becomes bigger than SrxlevRef + SUpdate, set SrxlevRef = SrxlevRef + SUpdate. On the contrary, if the Srxlev becomes smaller than SrxlevRef - SUpdate, set SrxlevRef = SrxlevRef - SUpdate. We think SUpdate = SSearchDeltaP / 2 can be a good candidate value. If the Srxlev value increases/dereases slightly continuously, also the SrxlevRef is added or subtracted by the SUpdate. 
Proposal 2: SrxlevRef is updated when Srxlev has varied more than a certain threshold (e.g., SSearchDeltaP / 2)
While the UE is performing relaxed monitoring, if the Srxlev keeps on decreasing, the serving cell may become not suitable so that the UE needs to find another suitable cell. So the UE is required to stop relaxed monitoring if the Srxlev decreases so that the serving cell become unsuitable. 

Proposal 3: While performing relaxed monitoring, the UE is required to stop relaxed monitoring if the serving cell becomes unsuitable.
Conclusion

In conclusion, we propose the followings: 
Observation 1: Relaxed monitoring for neighbor cell measurement is applied when the following condition is satisfied:

"SrxlevRef - Srxlev < SSearchDeltaP"

Observation 2: To prevent semi-permanently stationary UEs to stop relaxed monitoring for a moment, additional condition is required for leaving relaxed monitoring.
Observation 3: For the case of temporary channel condition variation, the UE should not leave the relaxed monitoring right away when measured serving cell RSRP variation is detected.
Proposal 1: The UE needs to satisfy/dissatisfy the relaxed monitoring criterion in a row within a certain time to enter/leave the relaxed monitoring

Observation 4: Update condition of SrxlevRef seems to be determined by recent serving cell RSRP change
Proposal 2: SrxlevRef is updated when Srxlev has varied more than a certain threshold (e.g., SSearchDeltaP / 2)
Proposal 3: While performing relaxed monitoring, the UE is required to stop relaxed monitoring if the serving cell becomes unsuitable.
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3. Soon the UE moves again, then the UE leaves stationary state so the UE performs neighbour cell again.





A UE is moving around, so measured serving cell RSRP is varying continuously.





Suddenly the UE stops, so  the UE satisfies relaxed monitoring criterion, so stops neighbor cell measurement
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3. Soon the UE stops, so it satisfy relaxed monitoring criterion again. It stops neighbour cell measurement.





1. A UE is in stationary for a long time, so it performs relaxed monitoring.





2. Suddenly the UE moves for a while, so it leaves stationary state and then starts to perform neighbor cell measurement.
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3. If the truck is still parking, the measured serving cell RSRP becomes constant





2. Suddenly a truck parks between the UE and the serving cell, the measured serving cell RSRP decreases.





1. A UE is performing relaxed monitoring
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