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1 Background
The need for measurement reporting and re-direction in NB-IOT was discussed during RAN2#91bis [1]. For measurement reporting it was agreed:
We assume we will not support
· Network controlled handover. We will not have measurement reporting either, but can be discussed based on contributions.  

In this contribution the need for measurements in connected mode is discussed further. 

2 Discussion
In RAN2#91bis the required L23 functions and procedures for NB-IOT were discussed, and for many features it was decided whether they are supported in NB-IOT or not. To meet the NB-IOT requirements for low complexity, low cost and battery lifetime a “lean” solution is needed. However in the process of removing features it should be carefully evaluated if features can be removed without impact, and it should be motivated why features are not needed, i.e. essential network operation and management functions should not be affected.
2.1 Measurement reporting
It is acknowledged that event-based measurement reporting is complex and not needed in NB-IOT, because Handovers in connected mode are not supported. However a minimum one-shot measurement reporting is needed, as discussed further in this section. In this section only the L3 measurement reporting is discussed. 
2.1.1 Motivation
Network configuration

There is a need for the network to have intra- and inter-frequency neighbour cell information for configuration purposes. For example measurements are needed for the operator to understand the deployment in network planning. Related to that, measurements are needed to configure intra-frequency and inter-frequency cell re-selection parameters in SIB4 and SIB5 (e.g. q-RxLevMin, q-OffsetCell, q-OffsetFreq, intraFreqNeighCellLIst, interFreqNeighCellList). Without measurement reports there is a need for drive test to support proper network configuration and deployment. 
Re-direction with RRC connection release

To avoid blind redirection with RRC connection release there is a need for inter-frequency measurement reporting as well.

Positioning

Positioning is a feature that is potentially interesting to support in NB-IOT (e.g. device tracking). The enhanced Cell ID is a positioning method that is suitable for NB-IOT in our opinion, as it has minor impact on the device. The enhanced Cell ID requires RSRP/RSRQ measurements from the device to determine the location. 

2.1.2 Potential measurement reporting solutions
In this section potential measurement reporting solutions for NB-IOT are evaluated that have low complexity. Due to the lack of inter-RAT mobility only intra-frequency and inter-frequency measurements are considered. Two options are identified:

1. Intra-/inter-frequency strongest periodic one-shot cell reporting (reportStrongestCells)

2. New intra-/inter-frequency measurement reporting in uplink signalling based on measured results in idle mode (similar to “Measured results on RACH” in UMTS)
Option 1 is a mandatory feature in LTE, however it requires measurement configuration and reporting in connected mode, while the NB-IOT device is assumed to be in connected mode only for a short while.

With option 2 the device reports recent intra-frequency and inter-frequency measurement made for the purpose of cell re-selection while in Idle mode in uplink signalling. A limited version of this type of measurement reporting is already available in LTE with measResultFailedCel reporting, but only the measured RSRP/RSRQ of the cell where connection establishment failure happened are included. Option 2 is simpler and more battery efficient compared to option 1, as the device only needs to report what it has measured in Idle mode anyways i.e. there are no additional measurement requirements. Our current understanding is that this measurement reporting method is simple for the device to support and fulfils the measurement reporting requirements for NB-IOT: 
Proposal 1: Introduce intra- and inter-frequency measured results reported in uplink RRC signalling in NB-IOT.
Details of the measured results signalling can be discussed further. For example the measured results could include an ordered list of PCIs of intra-frequency RSRP measurements, and one or more of such lists for inter-frequencies. Potentially there is an indicator in system information to indicate if the device should include measured results in uplink signalling. The measured results could for example be signalled in RRCConnectionSetupComplete and ULInformationTransfer message. 
The need for redirection in the RRC connection release is discussed in [2]. To avoid blind redirection there is a need for measurement reporting as well. 
2.2 Measurements in connected mode

It is assumed that in connected mode the device is not required to perform measurements nor required to perform cell re-selection. Instead it is assumed that the device performs radio link monitoring to trigger out of syncs for Radio Link Failure (RLF):

Proposal 2: The NB-IOT device performs radio link monitoring to enable "out-of-sync" indications to trigger RLF.
In case the (short lived) connection fails an RLF triggers a connection re-establishment to enable a potential quick resumption of the connection (on another cell) if that is possible. The support of connection re-establishment in NB-IOT is further discussed in [2]. 

3 Summary

RAN2 is kindly asked to discuss Connected mode measurement reporting and re-direction for NB-IOT
Proposal 1: Introduce intra- and inter-frequency measured results reported in uplink RRC signalling in NB-IOT.

Proposal 2: The NB-IOT device performs radio link monitoring to enable "out-of-sync" indications to trigger RLF.
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