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1 Background
A new work item Narrowband IOT (NB-IOT) [1] was agreed in RAN#69: the objective of the work item is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low d€elay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. 

One of the detailed objectives relevant from a L23 perspective is [1]:

· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

NB-IOT is based on existing LTE procedures, such as mobility and measurements. In this contribution the mobility and measurements aspects are evaluated further from a NB-IOT perspective. In particular it is evaluated what mobility features are essential and what mobility functions and requirements can be omitted or relaxed to reduce complexity / cost and improve battery consumption. 
2 Discussion
In the technical report on cellular IOT TR 45.820 [2] it is assumed that an IOT device is only required to support limited mobility (i.e. no or low mobility). The NB-IOT design is assumed to be optimized for stationary devices, although limited mobility is not excluded. 
Inter-RAT

A NB-IOT device is assumed to support LTE only, i.e. therefore it is proposed:  

Proposal 1: NB-IOT does not support inter-RAT mobility.
Connected mode

A NB-IOT device is assumed to transmit or receive only small amounts of data (TR 45.820 appendix E.2). Thus the NB-IOT device is expected to be in connected mode only for a short duration of time. Furthermore when there is no or low mobility there is no strong need for network controlled mobility. Also handover and the associated event based measurement reporting is relatively complex to support in the UE: 
Proposal 2: NB-IOT does not support NW-controlled mobility (i.e. handover in connected mode) nor the associated event based UE measurement reporting, UE mobility state estimation and speed dependent measurement scaling. 
In case the connection fails and RLF is detected this will trigger connection re-establishment. In the re-establishment procedure the UE tries to find a suitable cell through cell selection (TS 36.304). 
The NW can use connection release with redirection info (redirectedCarrierInfo for LTE frequency) to control the NB-IOT device frequency. However to assist the network there is a need for some minimal measurement reporting: 

Proposal 3: NB-IOT supports (one-shot) periodic UE measurement reporting in connected mode.

It can be discussed further if the UE should be able to send a (one-shot) periodic UE measurement report during connection setup/resume as well.  

Idle mode

Idle mode mobility is based on cell selection and cell re-selection. It should be discussed further if there is a need for priority based cell re-selection or if the measurement requirements for priority based cell re-selection can be reduced to limit the power consumption
: 

Proposal 3: NB-IOT supports intra- and inter-frequency cell selection and re-selection

Proposal 4: RAN2 to discuss if priority based cell re-selection is needed or if the measurement requirements for priority based cell re-selection can be relaxed for NB-IOT.
The NB-IOT device is assumed to operate in both normal coverage and coverage enhancement operation with different coverage levels (e.g. basic, robust, extreme coverage mode). The existing cell selection and re-selection procedures can be assumed as a baseline for NB-IOT idle mode mobility. However certain aspects may need to be considered due to the enhanced coverage requirements, e.g. cell suitability criteria, and device measurement performance:

Proposal 5: NB-IOT mobility in Idle mode is supported with different coverage levels.

A NB-IOT device should try to select/re-select to a cell and frequency in which it can be operate in normal coverage, compared to a cell and frequency in enhanced coverage: 

Proposal 6: A NB-IOT device should try to select/re-select a frequency in which it can operate in normal coverage, compared to a frequency where it has to use coverage enhancements. 
It can be discussed further if the measurement requirements associated with intra- and inter-frequency measurements also can be further relaxed or optimized. For example a NB-IOT device may be permanently in bad coverage conditions and may not be able to find a better cell. Furthermore a stationary device may not be required to continuously detect new cells (as it will not detect new cells anymore). Different thresholds may be applicable for NB-IOT dependent on coverage level (e.g. SIntraSearchP, SIntraSearchQ, SnonIntraSearchP and  SnonIntraSearchQ), and for example default values could be defined. Furthermore it can be evaluated if certain NB-IOT devices should not be required not perform (intra- and inter-frequency) measurements unless explicitly asked by the network to do so. For example if a device is fixed to a wall, there is little incentive to perform measurements from a mobility perspective, however with certain events (e.g. network reconfiguration) there may be an need for the UE to perform measurements. 
Proposal 7: RAN2 to discuss if the intra- and inter-frequency measurement effort of NB-IOT devices can be optimized. 

It is assumed that a NB-IOT device is not a CSG member, and therefore should not spend power on autonomous search function to find CSG member cells (but it should avoid reselecting to a CSG cells): 
Proposal 8: NB-IOT does not support CSG mobility. 

3 Summary

RAN2 is kindly asked to the mobility and measurements with NB-IOT: 

Proposal 1: NB-IOT does not support inter-RAT mobility.

Proposal 2: NB-IOT does not support NW-controlled mobility (i.e. handover in connected mode) nor the associated event based UE measurement reporting, UE mobility state estimation and speed dependent measurement scaling. 

Proposal 3: NB-IOT supports intra- and inter-frequency cell selection and re-selection

Proposal 4: RAN2 to discuss if priority based cell re-selection is needed or if the measurement requirements for priority based cell re-selection can be relaxed for NB-IOT.

Proposal 5: NB-IOT mobility in Idle mode is supported with different coverage levels.

Proposal 6: A NB-IOT device should try to select/re-select a frequency in which it can operate in normal coverage, compared to a frequency where it has to use coverage enhancements. 

Proposal 7: RAN2 to discuss if the intra- and inter-frequency measurement effort of NB-IOT devices can be optimized. 

Proposal 8: NB-IOT does not support CSG mobility. 
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