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Introduction
To perform cell selection and reselection, a UE in RRC_IDLE state periodically measures the power of serving cell, intra-frequency cells and inter-frequency cells. If the UE performs the measurement for all the neighbour cells, it would lead to best performance of UE’s idle mode mobility, however, because of the power consumption issue of the UE, the UE selectively performs the measurement of the neighbour cells.

So, when serving cell power is good enough (i.e. Srxlev is above the SintraSearch), the UE may measure serving cell power only. Otherwise, UE shall perform intra-frequency measurement, and same method for inter-frequency cell measurement.
Discussion
 In the NB-IoT environment, it was observed that even though a UE is moving far away from its serving cell, received signal strength of serving cell decreases so slightly so that Srxlev is still above the intra-frequency measurement threshold [1]. Just in simple view, it seems desirable that serving cell power is decreasing slightly even though UE is getting farther. However, this situation would incur “late reselection” because neighbour cell measurement is triggered too late.

Observation 1: In the NB-IoT environment, it is observed that the received signal strength of serving cell decreases so slightly when a UE is moving far away from the cell.

Observation 2: Even though the UE is getting much closer to the neighbour cell than the current serving cell, intra-frequency cell measurement is not performed. So that “too late” cell reselection occurs.
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In the last meeting RAN2#97-bis, to solve this “late reselection” issue, modifying the measurement rule for NB-IoT has discussed. To move up the neighbor cell measurement triggering timing, extend the value range of SintraSearchP seems to be the simplest solution. 
In the figure 1 above, we assume that UEs are moving far away from the cell. UE A is an outdoor UE that getting farther from the cell, and the UE B and C are indoor UEs that moves into the house.
 According to the figure 1 above, if the intra-frequency measurement threshold is increased (i.e. new SintraSearchP), UE A will start to perform intra-frequency measurement much earlier than before, so “late reselection” issue can be solved.
Proposal 1: If intra-frequency measurement threshold is increased, “late reselection” issue can be solved.
For the UE B and C case, when the UEs move into the house, the received signal strength of the serving cell decreases very rapidly. The UE C does not affected by the newly increased measurement threshold because the serving cell power starts to decrease rapidly before reaching the threshold, however, the UE B reaches the new threshold much earlier than UE C so that intra-frequency measurement shall be get started earlier than before.
Performing neighbor cell measurement can be helpful to support idle mobility of the UE, however, it causes more power consumption of the NB-IoT UE. Moreover in this scenario, the UE B will move into the house soon, so performing neighbor cell measurement in outside may be unnecessary because channel condition inside the house might be totally different from the outside and the mobility of the indoor UE might be very low.
Observation 3: The new intra-frequency measurement threshold may result unnecessary power consumption for potential indoor UEs, so another solution to compensate this disadvantage should be discussed. 
To compensate this power disadvantage issue for the potentially indoor stationary UEs, some solutions have arisen. As we can assume that outdoor UEs have much higher mobility than indoor UEs, the simplest way to distinguish the two types of UEs is to estimate the mobility state of the UE. There are variety of ways how to estimate mobility of the UE – use recent statistics of cell reselection, or huge variation of serving cell power also can be an indicator that UE is in high mobility. However, each NB-IoT UE has different purposes, it seems to be difficult to specifically define how to estimate the UE mobility in idle mode.
In [2], intra-frequency measurement rules for cell re-selection for NB-IoT is shown as below:
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If received signal strength of the serving cell is good enough (i.e. Srxlev is above the SIntraSearchP), as it says that “UE may choose not to perform intra-frequency measurements”, it is allowed to decide whether to perform intra-frequency measurement or not by the UE itself according to its channel condition. In this paper, as each NB-IoT UE may have different purpose and deployment condition, after increasing intra-frequency measurement threshold, we propose that estimation of the UE mobility shall be left to UE implementation.

Proposal 2: To solve the unnecessary power consumption issue of the indoor-positioned UE, if a UE considers itself as stationary, the UE can skip intra-frequency measurement regardless of serving cell power.
Proposal 3: The decision of stationary UE shall be left to UE implementation.
Conclusion

In conclusion, we propose the followings: 
Proposal 1: If intra-frequency measurement threshold is increased, “late reselection” issue can be solved.
Observation 1: The new intra-frequency measurement threshold may result unnecessary power consumption for potential indoor UEs, so another solution to compensate this advantage should be discussed. 
Proposal 2: To solve the unnecessary power consumption issue of the indoor-positioned UE, if a UE considers itself as stationary, the UE can skip intra-frequency measurement regardless of serving cell power.
Proposal 3: The decision of stationary UE shall be left to UE implementation.
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Figure 1: Power attenuation graph of the NB-IoT UEs





If the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements.


-	Otherwise, the UE shall perform intra-frequency measurements.
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