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1 Background
The problem with late cell reselection in NB-IoT was discussed during RAN2#97bis [1], and the following agreements were reached: 
· There is significant support to modify the range of Sintraseatrch, there seems to be support to also do more. 

· We have at least some solution in Rel-13

· Email discussion, can also discuss solutions that may be candidates for later release.

Furthermore an email discussion about the possible solutions was agreed [2]. In this contribution a possible way forward is discussed. 
2 Discussion
Extended value range SIntraSearchP
In case the value range is extended, there will be more UEs that are below the intra-frequency measurement threshold that will be required to continuously perform intra-frequency measurements. For some UEs this is the wanted behavior, e.g. outdoor UEs close to a stronger neighbour cell. For some UEs this is not the wanted behavior, e.g. indoor UEs that are stationary and that do not experience a stronger neighbour. It is perhaps true that some UEs were below the original measurement threshold already before it was increased, nevertheless the number of UEs that are below the measurement threshold, which do not benefit from continuous measurements, is expected to increase. Continuous intra-frequency measurements increase the UE power consumption, which is a critical aspect in NB-IoT.

Extending the measurement threshold value range is a simple and straightforward solution for REL-13, however it is a “one size fits all” solution while there are different use cases:  
Proposal 1: RAN2 to consider how the negative effect of an extended value range for SIntraSearchP on some UEs can be alleviated. 
RSRQ monitoring
The negative aspect of increasing the measurement threshold is that there will be more UEs that are required to continuously measure intra-frequency, but that do not benefit from it. For outdoor/moving UEs there is a benefit because there is a stronger neighbour to re-select to, but for indoor/stationary UEs there is not much use for continuous measurements (even though indoor/stationary UEs should not stop measurements completely either, i.e. they should be able to detect changes): 
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Figure 1: One threshold for two use cases. 
A REL-13 UE is required to perform both RSRP and RSRQ measurements to determine the suitability criteria of source and candidate cells, even though RSRQ is not used for cell re-selection. These RSRQ measurements can be used to distinguish these two use cases, because an increased drop in the measured RSRQ on the serving cell (i.e. interference) is in indication that the UE is approaching a neighbouring cell: 
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Figure 2: UE approaching neighbour cell experiences larger drop in RSRQ compared to stationary/indoor UE.
Detecting a drop in the measured RSRQ/RSRP on the serving cell is an indication of mobility (e.g. UE moving away from the base station), but in particular detecting a drop in the measured RSRQ is an indication that there is a neighboring cell nearby (i.e. interference). 

It should be noted that it is not the RSRQ measurements as such that enable to separate the two use cases (indoor/stationary and outdoor/moving UE), but the drop in measured RSRQ. Introducing the legacy LTE SIntraSeachQ would still suffer from the problem how to set a single RSRQ threshold value for both outdoor/moving and indoor/stationary UE. 

The RSRQ monitoring could work as follows:
1. The UE stores the measured RSRQ when intra-frequency measurements are turned off i.e. when serving cell is above the intra-frequency measurement threshold. The UE continues to monitor RSRP and RSRQ of the serving cell. 
2. When the measured RSRQ drops more than x dB below the stored value the UE performs intra-frequency measurements again to check if there is a stronger intra-frequency neighbour cell to re-select to. 
Proposal 2: Introduce RSRQ monitoring to avoid late cell reselection in NB-IoT.
CRs to 36.331 and 36304 are provided for information. 

3 Summary

RAN2 is kindly asked to discuss late reselection in NB-IoT: 

Proposal 1: RAN2 to consider how the negative effect of an extended value range for SIntraSearchP on some UEs can be alleviated. 

Proposal 2: Introduce RSRQ monitoring to avoid late cell reselection in NB-IoT.

4 References

[1] R2-1702929, Cell reselection issue for NB-IoT, CMCC, DISC, RAN2#97bis

[2] R2-1705031, Email discussion report [97bis#31][NB-IoT] Cell reselection for NB-IoT, Ericsson, RAN2#98
3

